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terisk (•>,  book  notices  by  a  dagger  (t). 
inquiries  by  a  double  dagger  iX).  Tue  cross 
references  condense  the  matter  and  assist  the 
reader,  but  are  not  to  be  regarded  as  com- 
plete or  conclusive.  So,  It"  there  were  a 
reference  from  "Boiler"  to  "Furnace"  and  it 
the  searcher  failed  to  And  the  required  article 
under  the  latter  word,  he  should  look  through 
the  "Boiler"  entries,  or  others  that  the  topic 
might  suggest,  as  he  would  have  done  had 
there  been  no  cross  reference.  A  reference 
from  "Oil"  to  "Lubricating"  would  apply 
equally  to  "Lubrication,"  "Lubricator,"  etc. 
Letters  are  indexed  under  title  or  subject. 
general  articles  under  writer's  name  as  well. 
Not  all  articles  relating  to  a  given  topic 
necessarily  appear  under  the  same  entries. 
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British   Inst,    of  Metals— Condenser   tube 

corrosion    781 ,   8t  i 

Bromiev.  Gas-producer  operation  ^56. 
Making  boiler  plate  •2.^2.  Soda-ash 
for  boiler  waters  412.  4S1.  612,  728, 
•795.       Flatbush      gas-elec._    stati^on 

Brooklyn  Rapid  Transit  employees'  treat- 

ment    j'^g 

Brown  engine  experience.    Cultra 47» 
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Brown,  B.  Furnace  draft  control  465, 
Cooling  towers  ^496,  Reclaiming 
fuel    from    chain-grate    stokers    587, 

Question    of    balance "629 

Brown,    J.    ,T.    Large   high-vac.    condenser 

test    141 

Brown,  .1.   11.  Reducing-valve  sizes ^452 

Brush-holder  stud  heating.    Croker 'SS 

Brushes,    Care    of.     Garthmann 395 

Biichi.   Diesel   engine   fuels ^753 

Bucket  traps  best.    Pearce 729 

Buckeyemobile,    The.     Cooper 849 

Buckling  of  boiler  tubes.    Shank 900 

Buffalo   Power  Co 736 

Buffalo    rate   decision 22,  39 

Builders'    Iron    Fdy.'s  chart  pen •034 

Building,  Madison  Ave.,  plant.    Wilson..      ^2 

Building,   Office,  p.iwcr   iilaiits 63 

Building,    Otis,    pl.inl,     Manirr •42,  63 

Buildings,  Large,  strain.  ;inil  .loctric  load 

curves  in.    Nail-    VAi-r.   I.t.  Asso..^l8,  21 
Bureau  of  Mines  'lb,  283,  (123,  703,  738, 

755,   843,   869,   872 
Burner    for    heating    crank    dislis.      Mor- 
rison     ^405 

Burstall.        Solid,      liquid      and     gaseous 

fuels     564 

Busch-Sulzer    Diesel    engines 60 1 

Busey.  Loss  caused  by  elbows  in  air 
ducts     •303,     Special     Venturi-style 

elbows    '369 

Butler.  Evolution  of  the  Internal-Com- 
bustion   Engine t283 

Butterfly   valve.     G.   C.   W t243 

Byproduct  recovery  producer,   Moore.  ..  .'266 


Calif,  power  systems  merger 537 

Calorimeters,   Throttling •448 

Cambridge,   Ind.,   municipal   plants 845 

Campello    (Mass.)    boiler  explosion 704 

Canada's    largest   power   station 17 

Canadian   Engineers'    convention ^282 

Cans,  Why  did  trap  fail  to  drain?    .Tohn- 

son    373,    Odefi 548 

Car,    Gasoline-electric 82o 

Cai'bou  dioxide.    See  also  "das-" 

Carbon  dioxide.  Excess  air  and.    Sniitli.  .    70_ 

Carbon  dioxide,  O  and  Co.   Sulntiinis  for    . 

absorbing.       Rogers 600 

Carbon     dioxide    perceiitagi'S.     Avnilalile. 

O'Neill    *14h 

Carbon  dioxide    percentages.    Losses    for 

different.    Lees    6-2 

Carbon  dioxide  recorder  experience 46ii 

Carbon  dioxide  recorder  or  Orsat  liest? 
Pohlman  176,  Harger  344,  Edge  406, 

Booth  545,  Vassar  613,  Pohlman 761 

Carbon   dioxide   recorders.    New   manifold 

and  mixer  for.    Smith 'iOg 

Carbon  dioxide  thermoscope '428 

Carbonine,    Same    old    726.    Adams 730 

Carburetor.  Findeisen  &  Kropf  Mfg.  Co.  s 

Rayfield    combination '168 

Carbure"tor  troubles  and  symptoms.  Bren- 

Carels  marine  Diesel  engine,  Ghent.  ....  ■*B22 
Carels.    Reichersteig.    engine.    "Wotan  s.  .'eoj 

Case   hardening.     Nicholson b&8 

Case  hardening  pins |34.^ 

Caustic  soda  effect  on  oil |bio 

Cave.     Oxvacetyiene   boiler   welding '9411 

Cedar   Rapids    Co..    Montreal 17 

Center  finder,  Toledo •  :  ■  ■  ■  -4-4 

Central  station  electricity  for  reirigera- 
tion.    Stevens  837,  Ed.  860,  Stevens, 

IJigelow    758.    Brown •  .  •    8,>.> 

Central  station  rates  22,  39,  106,  136, 
416  736,  •742,  760,  819,  872, 
Brandeis'   opinion   and   new   Associa- 

j^ion        371,   .180,  .jo^ 

Central  station  vs.  isolated  plant — Heat- 

in"*    etc  18,  ^1 

—ISO.  "plant— Larnrd.    Carter  &  Co.'s...    *3^ 

—A  central  station   mistake 63 

—Chicago    Federal    Bldg- ...... 73 

—Some  total  moiintary  st.atistics  .....  87 
— N.  Y.  City  buildings...  •286,  3()5,  440.  444 
—Purchasing  or  making  power.  .Taclsson  .<_7 
—The    independent    plant.     Starkweather  .j74 

—Cooperation.     Martin.    Ed 401 

— Renton    Heel    Co.'s    plant... '406 

—Central   station   men's   motive oi- 

— Giving   central   sta.   an   opening h4.t 

—Credit  to  central  station......;. ■    -i-H 

Centrifugal  pump.  See  "Ptimp.  and 
cross    references. 

Chair.    The   engineer's.     Latta 5"^ 

Chamherlin    and    Gardner  s   Pump- ,5^: 

Chart-Fuel   costs   reduced.    Riley.. 'f''g 

Chart  Yeai-'s  plant  output.  Ravlm....  '23 
Charts.     Polar     planimeter     on     circular. 

Smallwood    ^260,    761,    Richardson ..  ^57.^ 

Chattanooga    power    plant... 774 

Check    valve.    Osman    regrinding.. -■•^ 

Chemistry.    Gas-producer.     Muench '43.^ 

Chester   Valley    Elec.    plant.     Rogers.  ...  *490 

Chicago  elec.   power  consumption ^■'■' 

Chicago  Fed.   Bldg.  plant .'3 

Chicago   light   rate   change •  •  ■  •    »'g 

Chicago   smoke    inspection ^O'^.  ■'i" 

Chimney.     See    also    "Stack. 

Chimney  capacity.  ,  R-,. A'    "■■•;; 'rwV 

Chimney  damaged  by  lightning,  in  ClCTe- 

land— Ctistodis  grooved  bricks.    Wll-  ^^^ 

Chimney  design— Stndy    course '277,  aiz 
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Chlmiu'.v  i)io|">ili"iis,    «.  11.  li fJ43 

Clilmiiey  size.    Doteiminlng t'-iO 

Ohlmnoy,   Steel,   oxtciidiug  lii-ick (il7 

Christie  aii-sleiLin    I'lii^iiie 22 

Chilstopheisen.    I.liie  wire  iinliiiit.v •14 

Cincinnati    smoke    rules '.  ..;i:S!l.    349 

Circular   mil.   .1.    \V.   L> {377 

Civil    Service    nxamiuatloii.s 726 

Clamp.  Steam-iiiisc.    Williams 'ISS 

Cleaner  slicUs  in  tube.    Mkcliell 764 

Cleaning  and  inspecting  water-tuhe  holl- 
ers,    liavlin 349 

CIcanInK  iilu;;s.-eil   feed  pipes.    I'eteison.  .    138 
Cleaning  pnidiner      gas.       Ilarger      611, 

Henellekl   T.".."!.    Smith •823 

Clcanlimss.    (I.riuan    power    plant ^780 

Clearance.    Kiuding.     .M.   W.   C t865 

Clerk  DM   iireignition.  etc 109 

Cleveland  mnnicipal  electric  plant.  Wil- 
liams  '7 ti>.    Kates •742,  760 

Clewcll.     l'act..r.v   Ligliting t382 

COs.   See  "Carijou   dioxide."   "{las.** 
Coal  and  Coke,  Analyzing.    Stanton  and 

I'lcldncr t283 

Coal  and  liquid  fuels.  Conservation  of — 
Brit.  Asso.  for  Advancement  of 
Science — Artilicial  oil  fuel  ;  low  tem- 
perature carbonizatiou  of  coals  ;  gase- 
ous fuel   in  iron  and  steel   Industry; 

chemical  treatment  of  fuels 564 

Coal,   .\vallnlile,   Adaptation  of  holler  to. 

Kreisinger.    Ray •2.->n,  316 

Coal  barges.  Producer-gas  engines  in....    473 

Coal  Bulletin,  Hureau  of  Mines t8C9 

Coal  cargoes.  Estimating.    E.  L t243 

Coal,  Changing  from  oil  fuel  to — Methods 

of  handling.    Helzel .•803 

Coal,  Choice  of 237 

Coal  costs  reduced.    Riley •20.1 

Coal,  Ustimating  carbon  in •144 

Coal  handling.  Am.  Sugar  Co ^524 

Coal  handling,  Fisk  Street *G69 

Coal  handling,  I'acltic  Mills ^425 

Coal   Ignition,   Spontaneous.    I'eebles....   486 

Coal  in   ancient    lake   beds 738 

Coal,    Kw.-hrs.    per    ton    of,    at    various 

evaporations.    Sammons 194 

Coal.  Lignite,  for  producers 91.  3C6.  824 

Coal,  None  after  8ti  vears 777 

Coal  I'roducts  Co.'s  plant.    Artingstall. .  .•384 
Coal  productions  of  states  327.  307,  379. 

414.    418,    447,    .586,    7.34 

Coal    purchasing 173 

Coal     purchasing     under     specifications. 

Pope 623 

Coal.  Reclaiming,  from  chain-grate  stok- 
ers.   Brown 587 

Coal,  Rhode  Island 830 

Coal.  Saving  our 543 

Coal  storage  plant.  Under-water,   ludian- 

npolis   ^485 

Coal,  Testing  for  approximate  heat  value 

of.     riace 176 

Coal  to  heat  factories.    White ^857 

Coal  transporting  through  pipes 447 

Cochrane  heater  and  meter •O.'ig 

Coke  heat  value J345 

Coke  plant.  Coal   Products  Co.'s ^384 

Coke  production,  Improvement  In 127 

Coke  vs.  oil  ste.araship  fuel 37 

Cold    storage.     See    'Kefrigeration." 

Collins.    Cylinder  liner  loose •107 

Combo   combination    water  column •711 

Commonwealth  Edison's  large  turbine 
•6.^0.  Fisk  St.  station  addition   'OHS. 

•674.  7.50.  New  rates 872 

Compensating  device,  water  measurement 

•389.   487 

Compensating  long  service 793 

Compensator.  What  is  a? t865 

Compensators.   Starting ^785 

Compound.     Feeding    boiler     •12,     ^240, 

•546,   •OSl 
Compression,     A^nmonla.      See     "Refrig- 
adon." 

Compression,    Amount    of 129 

Compression   and   temperature }799 

Compression,  Economy  of — -Kansas  Univ. 

test,     Fisher    •1.59    174 

Compression,  High.    .T.  II.  W .'t799 

Compression   ratio  vs.   efficiency.    Petavel  604 
Compressor.    Air.     See   "Air." 
Condensation  reduced  76  lbs.  per  hour — 

•Tohns-llanville    covering 783 

CONDENSER.    STEAM 

See  also  "Pump"  and  cross  references 
trom  it. 
— Air  in  condensers ;  Contraflo  condenser. 

Fothergill    •59'> 

—Air   in   surface  condensatlon-^I.eakage 
tests-  curves  of  vacuum  fall,  effect  of 

load,  etc.    Orrok *8 

— Barometric  condenser  piping.    Nelson     •559 

— Is""<i''^t''  P'f-  Condensers  in •491 

— Condensate  aicumulator  for  turbine  ex- 

haust  line.    Purcell   •fill,  ,Tones...".   832 

— Cooling  towers.    Brown •496 

— Efni'es.   Removing  corroded.    Davis!!  •403 
— Flatbush   gas-elcc.  plant :   use   of  seal- 
ing water «707    T>c, 

—Illinois     Steel     Co.'s     large     high-vac!     " 
Wheeler  C.  v^   E.  condenser  test...      141 

—Suction-line   break.   Cast-iron 404 

—Surface      condenser.      Lytton      vacuum 

traps  serving •14S 

— Surface.  Condensing.    .T.  W   b    tSTT 

—Turbine  plant.   Fisl  St.. •630.   •iiiis!   •i;74 
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— Vacuum.  Why  not  higher'/ 241 

— Vacuum  with  cooling  tower •671 

— Water  cooling  pond  defended.  Crescent  514 
— Westinghouse    surface    and     l.e    I'.lauc 

jet  condenser,  largest  of  kind.*114,    •U.'i 
— -Tube     corrosion — I'dison     Cos.*     report 
•531,  54;!,  Chester  (in2,  Brit.  Inst,  of 
Metals  report  on  corrosion  and  pro- 
tection, 781,  S17.  Further  stiidic'S...    843 
Condensers.  Ammonia.    Ophiils.  .  .  .  *33n.    ♦474 
(.'onnor.      Steam    and    hot-water    heating 

s.vstem     '857 

Conservation  Congress.  Natl.  .  .  .735.  ,S29.  839 
Conservation  of  coal  and  liciuid  fuel...   564 

Consolidated  pop  safety  valve ^848 

Constant-voltage  transmission.    Dwight..     54 

Contrallo    condenser •593 

Control  board.  Panama  locks 211 

t^onvcrters.   60-cycle  rotary.     I.ammc....    639 

Conveyor  belts.   World's   largest 738 

Conveyors.  Coal.    Hetzel ^803 

Cookson  heater  improvement 148 

Cooler.     Brine.     Direction     of     flow     in. 

Hooper  •GSe.  Durand.  Ophiils 896 

Cooley's  pipe  sizing  chart •StO 

Cooling  gas  engines.  Ilopkinson's  method 

•332,  .339 

Cooling  generator   windings 771 

Cooling  pond  defended,  Crescent 514 

Cooling  prony-brake  pulley.    Hoone ♦929 

Cooling  tower.  .Spray,  Broken   Hill "ei" 

Cooling  tower.   Transformer  water •395 

Cooling  tower.  Vacuum  with.    Bancel .  .  .  .^671 

Cooling    towers.     Brown '496 

Corliss.     See    "Engine.    Steam."    "Valve." 

Corroded  tube  ends.    Blair 208 

Corrosion  and  erosion.    Graham 307 

Corrosion.    Condenser-tube — Edison    Cos.' 
report  'SSI.   o-i.'!,   Chester  G92.   Brit. 

Inst,  of  Metals  report 781.  817 

Corrosion.  Further  studies  in — Electro- 
lytic prevention,  Clement.  I..  V. 
Walker,  Harker,  McNamara  ;  Miero- 
ehemistry,  Desch,  White.  Friend. 
West.  Bentley  :  Condenser-tube.  Jlor- 
rison :  Electrolysis.  W.  H.  Walker..  843 
Corrosion  in  refrig.  systems.  Smith ...  -  268 
Corrosion  of  ammbnia  purifier.  Prevent- 
ing   ^896 

Corrosion.  Preventing  boiler J:482 

Cost  accounting,  paper  on.    Ellis 905 

Cost  finding  method  wanted.    Milton  578, 

Durand  797,   Fliegelmann 798 

Cost.    Gas    and    steam    plant.     Lent    365, 

Potter 93fi 

Cost    of   heating   and    nower-plant   appa- 
ratus.   Downing  721,   Robertson  S58, 

Durand    <)26 

Cost  of  mfr.  in  Distilled-water  ice  plants 

Neff    •75g 

Cost  of  power,   ice  making,   etc.     Sydnev 
201.  Neft  •756.  Stevens  ,S37.  Ed    860 

Bigelow    758.    Brown 895 

Cost  saving  with  gas  engine.    Lufkin  93 

Costs.   Comparative  installation  and  oper- 
ating, of  combined  ice  mfg.  and  cold- 
storage  plant.    Tait.    Nordmever -  -  .  .    fiOfi 
Costs.    Mfg. — Cheaner   power.  .  .  .  4.'59 

Costs,  Operating.  H.  &  V.  plants.  .  .  .  !  '  '    437 

Costs.   Power.   Worcester   Consol 107 

Costs.   Producer  plants.   T'.    S •17 

Cotton    cable   dressing.     C.    B !!!t799 

Cotton    Manufacturers'    meeting.  ."' '•5'5''>' ^6'*.3 

Counters.    Revolution '  »4'>8~  •637 

("■oupling.    Francke   flexible  shaft.    Smlth- 

Serrell  Co.'s «!■> 

Cover  ioint  tightness.  Testing,    bixoii !  !  !    834 
Crane- I'.rwood     double-acting"  non-return 

cutout  valve ^845 

Crane  pop  safety  valve !!!!!!!!  !*847 

Crank.      Broken,      repaired      with      wire 

Robertson    *862 

Crank  disks.  Burner  for  heating.  Mor- 
rison  »405 

Crankpln  fitting  nndcr  difficulties.  Tliomp- 

^      "on   ..*6.89 

Crankpm  grease  cup.    Bartram 'goo 

Crankpln  truing  by  hand.    Grant.  341 

Crankshaft.    Broken.    Ftz *825 

Crawford.    Locomotive  smoke  ahatment.  !    662 

Crescent   cooling  pond   defen-ded 514 

Crosby  pon  safety  valve ,,  ,',  .«848 

Cross-compound  engine.  Running,  on  light 

load.    Rollins.. f . .   S34 

Current  consumption.  Relative: ...    t865 

Current   rectifiers.    Randolph .'.  •750 

Cutoff  questions t209    ''76 

Cutout    valve.    Crane-Krwood    douhie-ac't- 

ing  non-return    •845 

Cylinder.  Broken.  Renalring.    Wnkenian!!    •sb 
Cylinder      condens.ition      and      flat-curve 

engine    •157     Chase 407 

Cvlinder  design    Gas  engine .'  !  •Rn2 

Cvlinder  diameter  renuired.    S.   E !!t345 

Cylinder  iaoketing — Soot.    Pearce  798 

Cylinder  liner  loose.    Collins !  ! !  !*107 

Cvlinder  lubrication — Graphite.    Hacker.   101 

Cylinder  oil.  Reclaiming.    Binns •65^ 

Cylinder     packing     leathei-s.     Pneumatic 

Bentley •498 

Cylinder  welded  successfullv.    Flalght  764 

Cylinder.s.  Damage  by  water  in — Bol- 
l.^'^\  experiments  ^294.  Hawkins 
540.  .Johnson 729 


Dam.  Mississippi  River.   Keokuk ^184 

Damper  regulator.   Wings   Wydawake.  .  .  .•464 

Dampers   and    regulators.     Terman 636 

Dampers — Draft   control.     Brown 4t 

Daugherty.    Centrifugal  pump  theory  •79, 

Hydraulic    Turbines ■5-71 

Davies.  Power-plant  vibration  and  isola- 
tion      ♦247,   •481 

Davis  Baking  I'owder  plant •664 

Dawson.    Overhauling  storage  battery... 'S 

Day  laborer  has  it  on  engineer •ISS 

Day's  work,    A   good 794 

D'i:ste  Steam  Engineer's  Manual tloO 

Delaunay  Belleville   stoker ^623 

DeLaval  velocity-stage  turbine •3.58 

Delaware  Water  Co.'s  plant 7 

Delray  boilers.  Operation.    I'arker •^HG 

Depreciation.    Power-plant.     Ripley 687 

Designing.   Taking  pains   in 897 

Detroit  Edison's  boilers.    Parker •930 

Diagram.    Indicator.     See    "Indicator." 

Diesel     engine,   Carels  marine •622 

Diesel  engine  refrig.  plant  costs 607 

Diesel-elec.   ship   "Tynemount."     Wilson..  ^641 

Diesel   engine  fuels — Chart.    Biichi *753 

Diesel   engine  ship  "Wotan  " *604 

Diesel  engines.  American  Krupp 267 

Diesel  engines.      Another      Hamburg-Am. 

liner  with 131 

Diesel   engines,   Generator  for 569 

Diesel  engines,  Gorlitzer ^396 

Diesel  engines,  etc.,   Italian *504 

Diesel  engines,    Mclntosh-Seymour 839 

Diesel  engines,  Marine,    Hirshberg 231 

Diesel  engines  on  "Maumee" 683 

Diesel  engines,  Sulzer  Bros.' 332,  539 

Diesel   locomotive,  Sulzer *470,  477 

Diesel,  Kndolph,  Death  of 521,   •628 

Discharge.  Free,  Accelerating  lime  of. .  .  .J345 

District  steam   heating.    Ballard 169 

Diversity   factor.     A.   D.    B 1799 

Dollar  he  is  making  blinds  him *739 

Don'ts   for  electricians.    Nichols 820 

Downing.     Cost    of    heating    power-plant 

apparatus    721,  8.58,  926 

Draft  and  its  measurement.  ..  •244.  ^277.  31'? 

Draft  control.  Furnace.    Brown 465 

Draft.  Forced.   J.  B t933 

Draft  gages.  Oil  for J409 

Draft  gages — ^Fireman's   work ^135 

Draft,  Heated.     Odell 929 

Draining  vessel.  Phenomenon  of .  .  .  t765 

Drains  for  dry  pipe.    Everett •901 

Drill,  Engineers'  handy.    Koppel •''46 

Dry  pipe.  Drains  for.    Everett ^901 

Duchesne's     experiments     on     superheat. 

Heck •116 

Dudley.  Friction  and  inertia  of  the  heat- 
ing art 924 

Durand.  Water  flow  in  pipes.  •20.  $655! 
Piping  costs  favor  hot-water  systems 
926,  Cost  of  heating  and  power-plant 

apparatus    90(5 

Durtnall's  "Paragon"  elec.  drive ! !  •264 

Dust   collecting  systems.   Air   washer  vs. 

centrifugal    collector   on.     White 572 

Dust  determinations  in  blast-furnace  gas. 

I.iddell 93 

Dutton.     Jlexican    boiler   explosion !  ^392 

Dwight.  Constant-voltage  Transmission.  54 
Dynamo 'troubles.  Second-hand.  Cultra.  .  ]''7 
Dynamometers.    Torsion — Visible    scale       9''1 
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Eastern   Ice  Asso 758.  894 

Eastern  States  Refrigerating  plant *329 

Eccentric.    Effect  of  advancing 1-482 

Eccentric.  Heated  i29.  Gibson 343 

Economizer.  Graphite  remained  in.  Pearec  613 
Economizer  losses  due  to  scale.    Pearce. .   263 

Economizer    repair.     Bellinger *139 

Economizers.  Use  of.    Gleichmann 744 

Edison  Cos."  condenser  report  •531.  54.3.   692 

Edison  storage  batteries.  Oster •716 

"Editions"   and   "impressions" 830 

Education  conference.  Industrial 704 

Educational    work    in    summer -'1 

Educational  work.   Interest  in 573 

Efliciency    Societ.v 83 

Ejector.  Kinetic  air •632    'eeS    ^674 

E.iector.   Steam,   efficiency.    Thomas 32'' 

Elbows    in    air    duets.    Loss    caused    bv. 

Busey  'SOS.  Special  Venturi-style.  .".•369 

ELECTRICITY 

— Accounting  system.  N.  .7.    Allison 697 

— Alternnting  Currents.  Practical.  Smith. t589 
— Alternator,     WTiat    would    happen    to? 

Howe   14 

— Armature  shaft.  Welding.  Klindvvort!  264 
— Battery.    Overhauling  railway  storage. 

Dawson   *821 

— Battery,  Paine's  primary.  Hirshberg!!  ]'27 
— Battery,  Storage,  t.vpes  compared.  ...  ♦716 
— Latteries.     Storage.     Installation     and 

care  of.  Nichols  88.  125.  Kimball..  265 
— Brush-holder  stud  heating.    Crocker  •55 

— Brushes.  Care  of.    Garthmann 395 

— Capacity  measurement.   Electrical t276 

— Chester  Valley  Elec.  plant.    Rogers.  .  .  .•490 

— Chicago  elec.  power  consumption 395 

— Cleveland    municipal    plants.    Williams 

•|40.  Rates '742.   760 

— Constant-voltage  transmission.    Dwight     54 
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'    '  I,  I  ins      Nichols SiO 

''  '  '  ',',.,^,,1,1,.,  sccuud-Uaad.  Cultra  V-ii 
;':,  "liuj  loi'^'  farm  and  Uome-^^^^ 
I  ,!\",tV,r'questions'an(l'answei-s.    Wal-  ^^.^ 
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-Generators,   Uvmtnie-    '^^"^  4gy^  537 

-Ilydro-elec.  plant,  IvookuU  nM,^  11*.  3^,, 
l59!'^^l^;^Uro»l';tuug.^^^ 

-Lamp."  HiVscb' eiectric ■  •  •  jJJ^ 
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-LigUtning  P«>,^,^'=t'0?-„  "^°  ^-rounding  ^„ 
—Lineman,      P'"t?^tin„  "    Vinson.*822 

switches  on  aro-light  cucuiu  ^^^ 

—London  electrical  ?"PPjJ.- •.•;;„ HoA'  '  '■  >218 

—Motor,  Running,  as  dynamo . ... .  •  •  ■  •  + 
-Motor,    The    Ihdnct.on^^^  Annett  ,.g^*-,853 

SO,    Waste-heat    heating    ^4.    ^'^ 
storage      temperatures      l-M.      -"i^"-   -go 

-?£B-^?f»^^^-'^"-n---*i 

-r.^tSs^^'^^^Ptection^^om^jbut;    " 

-P^r'SI^^S'^^vi'-^rii.ui^^re-, 

oeiver.    Wheaton ■  •  •  •  •.,■  •  ■,■„' 

-Uates-Bullalo    decision   „?.tc„22     39, 

Asso.  3il,  3HU.  <'°-  '{g  Two-cent 
;.!arSa&vriie|i9,^|efng^Kn.l- 
neers'  discussion  837,  Chicago  iigni 


KNGINE,    INTEUNAL-COMBUSTION 

See  also  "Gas,"   "Diesel,"   etc. 

—  Alcohol  as   decarbonizer.    Angada .  . 

rarburetor    Kavflold   combination... 

Zba  buietoi'  troubles  and  sympwrns.  • 

— Carels  marine  Diesel  engine.  Gueiit. 

=ss^pi?ss?i^^r^?^^--ta: 

--Soa'^2;^«:s;'\^«) 

-Cost'oTsVekm'and'gas  power  equip- 
ment. Lent  365,  Potter 
— CranUshaft,  Broken 
— Diesel-electro,  ship 
— Diesel  tn:-;!!!''  f"':'^- 
— Diesel  enuinr  nliii; 
— Diesel  cii-ii'  -  .^"" 
— Diesel    cnsnus.    -\i" 

-Dii^%^iues,  Man^^^Hi-i-Uerg^ 
nSiXlt/oTr^al-  fnt'^Sal-  combustion 

-EiSf  silSl^riarge  ^-^£j^^^ 
—Explosion,    ,UaS;;^engme,     Haidm-Wjan 
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— Flatbusli  !r:i--  'ii- 
—Fuel  v^ilv-'.  ^'1 
—Gas  euLiiii.  ,  '• 
-GasEii^in..  II,.: 
— Gas  eugiue,  L.i 

tion,   cyinult  • 
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Lehman . 
■2  engines. 


ui   1    ."pe — -Kegula- 

,.^^,   w .economy.    Langer... 

— (Jas  ensiiie  outlooK ;  '^.i^h 

-gIs  eSgine,  Saving  in  power  cost  with. 

-Gi^'^'^ines  ■  and  '  i'Voducers.'  '  Marks, 

Wyer 

-Gasoline   electric   car 
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Tests 


efficiency 
twelve 


— Gasolijif  iiii;niL 

of.    Wilson.  . 
— Gasoline     engii 

small.    White 

—Gasoline  freight  engine. 

—German  gas-engine  ^mldmg.  .  ■  ■  ■  ■ 

i.vniters  Make-and-break.  I'agelt.  .  .  . 
^^n  tiin  time  vs.  economy— Compari 
"'^sou  of  ™ed  and  variable  igmtion 
Mori 


—  Indi' 

— Magnet 
— Magnet 

—  :\Iumins 
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ing 


Tir'rell.  '    Randolph      'SOI 


""Maihak.'  iind   Biiettcher   effi- 

reckoner : 

Trouble  with.    Coppmg 

Care  of.    Brennan .•  ■ 

ihamber.        Explosion        in. 

jiuench    .■■''.■ 

—National  Gas  Engine  Asso    .  . 

nil  engine    Snow  heavy.    Balim.  ■■:-•• 
Zoil     ffl-     internal-combustion     engines. 

Natl.   Elec.    Lt.   Asso    

—Oil  motor  industry.  Italy ...  .  ■  •  ■ 

=?;:fjl^;'il°i^l^^Sn^^on'iingine 
-l.iSS^r-^s-engine-results.-W.-(;VM. 

Oif^t.T'i^wer- at -Leipzig    Building 
~'   Ex™os°tion-Gorlltzer  Diesel  engines.^ 

Gradenwitz  .■•.■••■:•••;,■  \'.,',.,r'^i'  ' 
—Producer  gas  engines  m  coal  bdi„e!,^. 
—Producer-gas  situation  in  L.   S.—Map  , 

costs  ,.F  plants,  etc.      I''e™ald;^-  •  j„,- 

-^^•';Sri="vsi;"^^'^ur"^:.^: 

— Purehlsing  'smair  engines.'  '  ThoVougli- 


KN(ilNE.   STEAM 

—Cross-compound    engine,     Ruuning,    on 

liebt    load.     Rollins...... ,\.Vi;„' 

—Cylinder,      Broken,    Repairing,     \\ake-  ^^^ 

-CvTinders,'  Damage'  'by"  "waier  'in---Bo^ 
linckx  experiments  *294,  UawKins 
540,  ,lohnson .•  •  ■  ■  ■,;■,,;■  ■ .479 

—Diagrams,  Brown  engine.    Cultia.  . .  .  . ,  J^J 

Z|Sta?''Bi!'oSfJrdaiage's^n'g'ine.''La;^-'-205 
—"Flat-curve"     engine.      Skinner     *loi, 
Steam-tight     valves)      Chase     40., 
lH;.m"rk'ible      maintained      economy  ^^^ 

I    '      '  '    ^'  "!!!!!Uons, 'cause  if.'  'stewart.  803 

—   ,,,i„  ,        I      Intending.    Wakeman -■>' 

— l-,.iii   ,  ii>.     v<.   D-slide   valve... -tjii 

—Haulage  engine  repairs.    Parkfltt.  . »^ 

-IloistiSg  eSgine,  &ordberg   largest. ..  .ni4 
—Hoisting  engine.problem.    J.  b.  ^---tVssi 

Horseoower,    Origin    of    terni .  .  . .  ■ -J  1  *,  ^S^ 

Zu-^n  in  receiver  goes  to  engine.  White  2.4 

Tuck     Simnle.     Secor .•  ■  •   °'' 

Zl'Jfilowatt  hV-s.  per  ton  of  coal  at  various 

evaporations.     Sammons  ...........    ' ;" 

-Knox'^Co.'s .engine  room    SpringflebJ.     ;.5-8 

-^%\n'-rru.''Te^-    hp'-i.r.'ton.conl 

densing   10.-,.    Hyde  443    Rosenzweig   .9o 

t  ort/  .MiMiir  Irriun'.    McHose 838 

— Lentz       num..     T.-ts    of    simple    hoh-,__,j 

t  ,>'n't7'''..'n"'i'm  s     r.iiitimo're.'  '  'Rogers 'SaO 

L.cn'^'^    I    ■"'.,.    in    ..viindpr    causes    severe 
— Liner    loose    in    i.Miuuci    cmoi^^  •1117 

knock.      CoUms.  . ; ■  ■  .  ■ ,i,  , 

locomobiles,    Badenia   umtlow  ........  •    ij-.^ 

— I  SbrSating  in  cold  weather.    Hawkins   .02 
Zo  1    from    enclosed    engines,    Cleamng. 

Burmtirth    "404.    Cooper «.>- 

-Old     beam     engine.     Diagrams     t™-";,.,,,, 

—I'illow-Mocii 'design. "  Hawkins. 241 

-Pumping    engine,    Pittsbiirghs    large     *.,.>, 

-^^S^^r'^WaSf  p5^°%^o,^!^ig^;t;   78S 

— Ratings.  Engine •.■■•.;•■  i' •  ;  •  -..V    "   " 

—Rock.    Why    does    engine;      Low     -4,   ^^^_ 

-Roni'nl'mi"? 'e^^ne.'  'Large'  Mesti'  twin 

tandem-compound   ,_.^ 

— Rotarv  engine.  Miller ,' '5 

—Settled  10  ft.  but  ran... .....  •  •••■■••  ■   ■^^'■■ 

—Shaft.  Grinding,  m  position,     liatt 
er>oed     Tnrreasing.      E.   H 
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Bnatt.   ijrriuuius.  1-  »v;'"u 
—Speed.   Increasing.     E.   H  •  • 
—Speeds.  Engine.     A.  C.  M... 
—Springfield  St.  Ry.  engines. 
—Steam  backs  up..  E.  R.  M.-..- 

—Steam  consumption  questions 

Steam-gas  power  system.   .Kay 

—Stop,  Improved  Falls  engine- ....  .... 

—Test    valve  and  piston  tightness,     Sail 

engine    *121,    Bollinckx    engine    343,   ^^^^ 
Leese  


.tois 

.tl42 
.*320 
.i243 
.i;693 
.  ■  683 
424 


— WateTwh'e'ei '  'and '  'engine.     Connecting 
J276.   Harlow. 


Engiiieer.  Appreciation  of  th.- .  .  -  -  - 
Engineer— Compensating  long  service. 
Engineer,  Consulting— Better  attitude 
Engineer.  How  one  got  bis  .job  .  .  .  . 
"Engineer"   or  "greaser?"      Richards. 

Engineer,  Value  of.     Pangburn 

Engineer's  creed.  The :-"  ' ",' ' 

Engineering  Congress,  International 
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.  455 
.  *-S51 
.  709 
.  907 
000 


38 
•523 
t310 


643 

■1.52 

.  '318 

.*324 


— Regulator, 

—Savannah'  'FJ'ec'  plant.'^Rigers .  . 
— Su-ingfipld    electric-light   plant.  -  - 
■ilirinp-field  St    Ry.  plant  Rogeis.  ..... 

rsmrt?r!l-Iofle-s    automatic    reversing.   ^^^. 

Seager's •  .  •  ■ 90 

Static  charges  on  belts.  .  ■  •  ■  •  w  •  ' 'ii'      503 

=:il?r^fr^d7M|gn=^cs|0 

^Tallving  truck  loads.    Giles i,'',.; 

-■i-?ansformer  characteristics.  M^?;e.4e- 
— Transformer  circulating  water  cooling.*395 
— TiWormer  connections.   Novel,    ^ilk-^^^, 

ins Of) 

—Transformer  frequencies ■  .  ■ .  •  ■  • 

-Turbo-generator   installation     Arbuckle 

Bros  '  mixed-pressure     Ree<l. 'b 

—Turbo-generators,   Fire  hazard  in 8.10 

—Victoria   Falls  power  system.........    'i->° 

-Voltage  regulation.  Necessity  for  good.  ^^^^ 

— VoUage  t<»"hlgb."stockwell  G81,  Pur-  ^^^ 

ceil   ; 478 

— $450,000,000  can  be  used.  . . •  • 

Elevator.  Electric,  questions  and  answers 

\ST  .1 1 ,1  t-nn      


— Smiill   -Ii 


Kuowltou 
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—Si 
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I-  of  '539. 
Ticker.  . 
lud      108. 


—Steam-gas  power  system.    Raj  ■  ■  .  •  •  •  •• 

Snlzer  Bros.-  work,  Switzerland.  .  .332 

"wn?te   heat   from   gas  and   oil   engines 

-"^  for   heating  builSings.     Tweedy  s    re- 

-W^^e  llSif  of'sJall  g?|engine'  mniz- 

ing.  Sanitary  Water  Still  Co.  s 

— Work  of  gas  engine 

••Wotan."    Motorship 
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ENGINE,  STEAM 


"Cylinder. 


Waldron    :  - 

Elevator  operators.  Negligence  of. -.-  -  , 
IClevator,  Otis,  controller-parts  cabinet   . 

Elliott   heaters 

Ellis  metallic  packing 

Emergencies.   Power-plant. 

Emergencies.    Substitutes   for.  ^. 

Employees'   treatment,   B.    11.    1 

Endura  sheet  packing 
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339 
361 
■300 
220 
204 
859 
203 
348 


See     also     "Indicator.' 

"Piston,"  "Valve."  etc. 

— •■\lignment.  Engine.    G.  A.  M 

'Jn?!^r•:,:'^. 'f''"^co.v.':::::;: 

l:'i    rh',..  iH'iii       ini.iiicnt.  Mesta.  . . . . . 

— '.  ,      ,         ■      ,     iriice    with    old— 

—      V'^u'l  'I'l'i'.li--      li'iiiiii^'  shims  on  trip-^ 

Bu'ckeyemobile'.   Tlie.     Cooper 

r'hristie  air-steam   engine ■  •  ■ 

^Compound  engine  gHndcr  i^oporl^i^pns^^ 
—Compound  engine.  Smgle-cylmdei,  UMS 

-Compound'elginI  vaive  'didnot  operate. 
-C^lil^s^l^n; 'Economy' or  Fishe;-i59, 

-S;:iiS™r/\S;vl"cS^^i^'Me6aI^ 
— CoiMss     'J?,;,^,,,.^.,,      inss)      Pugh      343, 

Ferguson    
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Eniineering    'practice,     American.     Influ- 

ences  affecting.    Goss 

Ensineering  progress— Equal  chances.... 
ESSneerinI  Tables  and  Data.     Pullcn. 
Engineer's  chair.  The.     Latta.  . .  .  ■  .  •  •  •  •   - 
Engineer's  license.  What  it  stands  for..    o44 
Eniinecrs.  Am.  Soc    Mech.-Paper  on  air 
^  in   surface  condensation   'b.   Geim.m 
excursion    and    papers    38.    j-l.     il-- 
■>ii4    *"12.  Annual  meeting  .>^9.  ''>.". 
New     Haven     meeting    808.     Ahunal 
meeting  papers    ■■■•■,■•  •.*>-3,      881,      s^i 

Eneiueers,  Manual  for.     Ben  is. 1 

Eniinecrs'.    N.    A.    S.,    ^in-ny^f^^rsZ' 

tion,  etc -^^'ji^    ^  *^l  812 

Engineers,  Selecting,  Blackford  on 204 

Engineers'  examiner's  ftinction. .  . . ..... 

Engineers'        exam.— Before  and        aftei^^^,^ 

Engin?ei°s'  exa'm."  questions.'  N.  V.'  Leml^^  206 
Eniinecrs'    Handy-Book    Mechanical  and 

Refrigerating.     Luhr •  •  ■  •  -  ■ 

Engineers'  licenses,  N.  J .^ug.  |y-'  44Q 

Engineers'  services.  Value  of.    ElUs.  ....   614 

Engineers'  sttidy  jou^se.  .......   30.^  !j8. 

^Vo^'H'-     346     37,8     410,    445.    4.S.3. 

"«7S^fe:Ji"-ii^''^- 

"  "  70!: 


Belknap 

,1    rxplosions .  .  .  . 

■  1.     I  ^  viewpoint.     Vernier... 

;,,,|,  r       W.  C 

T?,.,,su,M    11111  .  unusion.     Graham 

Esherick".      Development    of    V-notch    re 

cording  meter ........  •■■•••  • 

Europe,  Large  gas  engine  m.     Langer.  . 
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Kvans.  High-prcssuro  steam  beating  vs. 
hiit-water  by-pniduet  plant  ItiO. 
I'bysioal  action  of  stoam  anil  foni'd 
bot-wjitiT  beating:  systems  "jrVJ. 
Sbunied  radinlois  '.".u".  'TL'.i.  Vacua 
bot-water   ben  ling   applied    to    Wool- 

wortb  lildg 'en 

Evaporation.  Slide  rule  for  factors  of...*882 

Evaporation — Study  course 312,  34(5, 

37S,  410.  443.  483.  316,  5511 

Examiner's  ftniction.  Tbe •75 

I':xam.  questions,   N.  Y.     Lemlse 2W> 

Exciters.   I'ar.nlleling.     M.  L.   \V 1:731 

ICxbaust  lines.  Traps  on.     Walteraan. . .  .•4.18 

Exbaust.  Power  from  tlie 'Sli 

Exbaust   silencer,    large   engines "131 

i:xpansion-bAlt  sbleld  test.     .Tohnson.  .  .  . 'SOI 

ICxpanslou  joint,  lindger •223 

I'^xpausion  joint,  liomemade.     Stepbens.  *929 
Expansion  support  for  blow-ofT  line.    Van 

Keuren    '442 

Expansion  valves.  Setting.  Tburston.  . .  826 
Explosion.  See  ".Air  receiver."  "Boiler." 
"Traction,"  "Elywbeei."  "Engine. 
Internal  -  combustion."  "MulBing 
chamber."  "Receiver."  "Ueceiviug 
tanis  cover." 
Extra-illustration.  Tecbnicnl.    Haas 326 


Factors  of  safety  and  insurance.     Rocbm  353 
Factory    buildings.    Oi)erating    economics 

in  heating  large.     Wilder •302 

Factories.  Coal  to  beat.     White •S.">7 

I'airbanliS  removable  seat  valves •466 

Fallacies.  Some  electrical.     Allen •les 

Falls  engine  stop.  Improved ^424 

Fan    motor    repair,    ICmergeney.      Sheri- 
dan     •e? 

Fan  power  consumption.     L.  \ J933 

Fans,   Centrifugal.    Running   in   parallel. 

Lent   •851 

Farnham  bituminous  producer •538 

Federal  Bldg.  plant,  Chicago 73 

Feed.       See     also      "Water."      "Pump." 
"Graphite."     "Heater."     "Heating." 
"Piping,"  etc. 
Feed-water     piping,     valves     and     regu- 
lators.    Terman 'eiS 

Feeding  boiler  compound  (sec  also  "Soda- 
ash")  •12.  ^240.  •346,   •esi 

Fernald.     Producer  gas  situation •le 

Ferranti  and  his  turbine.     Low •908 

Ferranti  turbine 830 

Ferris.     Manual  for  Engineers t382 

Ferrules.    Removing   corroded    condenser. 

Davis   ^403 

Fiat  oil  engines.   Italy •305 

Field.     Gasoline-engine  pressures •se 

Filter,   Krause  oily-condensate •710 

Filter       plant.        Tropical       feed-water. 

Semple     •SIC 

Fire.     Abandoning     boiler     in     case     of. 
Hener    405.    Wilkie    614.    Row    691, 

Mathews    834 

Fire  chiefship.    Factory   238,   Koon   443, 

Hawkins    613 

Fire    cleaning    tool.      Burmflrth ^404 

Fire   hazard    in    turbo-generators.      Law- 

ler     890 

Fire  hose.  Testing.     Connor 832 

Fire  station  plant.  Springfield •328 

Firebrick.       Seaver 'oSS 

Firebrick  deterioration.     Rigg 596 

Firebrick   specifications.      Ray 862 

Fireman.   Elevation  of  the 859 

Fireman's    task.    The 927 

Firemen.  Task  setting  for.     Polakov. . . .  •881 

Firemen.   Two  kinds  of ^773 

Firemen's   work.    The 135 

Fisher,   II.   I).     Soot  influence  on   boiler 

economy    816 

Fisher,     R.    R.      Economy    of    compres- 
sion   •isg.    174 

Fisk  St.  station •6.'?0.  ^668.   •674.  759 

Flanges.  Standard  pipe.  .477.   ^527.   71.'?.  870 

"Flat-curve"   engine.      Skinner •137,  407 

Flatbush     gas-elec.     station.       Bromlev. 

•706.  726.  813 
Float.    Pump    control.      McDermid    •26. 
Switch    for    tank    with    little    head- 
room      ^275 

Float  valve,  "Ideal"  automatic '334 

Flood,  Operating  plant  during.     Brown. ^176 

Flooded  cellars.  N.  Y.  Cy 402 

Flooded    system,    Operating    on.       Moss- 
Flow  meter.   Impvd..  G.  E •192 

Flue  gas.     See  ''Gas."  "Carbon  dioxide." 

Flue   staying — Adamson    ring ^763 

Flume.  Temporary  wooden,  cheaper  than 

iron  pipe.     .lobnson ^403 

Flywheel.   Autogennusly   welded •745 

Flywheel     bolts      stretch.         Alien      23. 
Hurst    24'2.    (Strains  -in    flvwheelsl 

Terman    651 

Flywheel    explosion.    Am.    Rolling    Mill. 

Lehman     783 

Flywheel  explosion  causes 97 

Flywheel  explosion.   Lawrence.  Kan 330 

Flywheel  explosions.  Cause  of.     Stewart.  863 

Fl.vwheel   face.   Increased.      Flock 691 

Flywheel  insurance:  safety  factors 3.53 

Flywheel   jack.    Simple.      Secor •899 

Flywheel,    Loosened    idler   pulley   wrecks. 

Liberty   Mills.      Beets •712 


FAQH, 

Flywheel   speed,    Safe t377,   t655 

Flywheel  wreck.  Standard  Bo.x  Co 2oO 

I'li'amlng    boilers .h'.k 

Forbes  .v  Wall.ace  plant 'f 29 

I'ord  «as  engine,  lilg.     Low •l2f> 

loiesigbt,    power-plant «8S 

Fothergill.      .\ir  in  condensers  •5U2,   Uc- 

generative  a<'eumuiators *i}i^ 

Foundation.  Building  addition  to.  Wake- 
man    ■  •  "-•>' 

l'"oundatlons.  Anti-vibration.  Davles 
•247.    Gibson,    Marcus  .•4S1.    Grim- 

sbaw    ''OO 

Four-valve  engint,  Corliss  vs.  Mc- 
Gahey     •-l!i.     (Thermal    loss)     Pugb 

34:!.    Ferguson 408 

Frubni    vibration    tachometer ^123 

Francke   tiexible  coupling ^12 

Free  discbarge.  Accelerating  time  of....t34o 
Freezing,  Air-driven   pumps.  ..  .13!S,   275, 

4U7,    548,  576 
Friction   and   inertia   of   the   heating  art. 

Dudley    924 

Fuel.      See    also    "Coal,"    "Peat."    'Oil, 
"Gas." 

Fuel.   Choice  of ■ 23i 

Fuel  costs  reduced.     Riley '205 

Fuel.  Liquid.  Conservation  of  coal  and 
— Hrit.  Asso.  for  Advancement  of 
Science — Artificial  odl  fuel :  low- 
temperature  carbonization  of  coals  ; 
gaseous  fuel  in  iron  and  steel  in- 
dustry ;  chemical  treatment  of  fuels.  564 

Fuel,    New — Powerene 193 

Fuel,  Reclaiming,  from  chain-gate  stokers  587 

Fuel,  Rubbish  as.     Ballon 101 

Fuel    ships   'Kanawha,"    "Maumee  " 683 

Fuels  for  Diesel  engines.    Biichi ^753 

Furnace.  See  also  "Boiler."  "Stoker," 
"Gas,"  "Carbon  dioxide,"  "Coal," 
"Oil,"  "Fire.  "  "Draft,"  "Stoker," 
"Damper,"     "Temperature,  "    "Grate." 

Furnace  arch.   Fire-clay.     Noble 342 

Furnace  design.  Modified.     W.  C.  C t865 

Furnace  draft  control.     Brown 463 

Furnace — Firebrick  specifications.    Ray.  .    862 

Furnace.  McKee  boiler ^486 

Furnace,  Standard  smokeless *4 

Fusible  plugs.     Terman •eSo 


Gage  action.   Peculiar iS65 

Gage,    Briggs   pipe  thread •382 

Gage  cock   and  glass   connections.     Ter- 
man •461,  Steam  gages •SeO 

Gage.  Continuous  recording  remote  water, 

Koepsel's     ^52 

Gage  glass  cutter.   Wilkins 193 

Gage  glass — Dangerous  mistake 729 

Gage  glass.   Height  for.     W.  H j:549 

Gage  glass  shield  and  reflector 323 

Gage      glasses,      Separator,      Preserving. 

Oliver ..•901 

Gage,  Lunkenbeimer  Monitor  water 348 

Gage  pipes.  Plugged.    Short ^242 

Gage,     Recording,     pen     impvts.      •147, 

361,  •634 
Gage    records.    Averaging.     Taylor    702, 

Durand 899 

Gage — Uebling  vacuum  recorder •Sie 

Gage,  Water,  Combo 'til 

Gages,  Bristol  recording  dilfierential  pres- 
sure   '11,  •lit) 

Gages,    Steam,    Frozen.     Ravlin ^352 

Gages,    Vacuum — Staudpipe  pressure. ...      2S 

Gas  and  Fuel  Analysis.    White t80G 

Gas    and    steam    plant    cost.     Lent    365, 

Potter    93S 

Gas-elec.     station,      Flatbush.      Bromley 

•706,  726.  813 
Gas  engine.    See  also  "Engine,   Internal- 
combustion." 
Gas  Engines  and  Producers.  Marks,  Wyer.tl4!) 
Gas,    Flue.     See   also    "Carbon    dioxide." 
Gas,  Flue,  analysis,  heat  loss,  etc. — Study 
course    •So,    'GS.    •104,    ^143,    ^178, 

210,  •244.  ^277.  Uebberd 310 

Gas.    Flue,    collector.    Uniform-discharge 

valve   for.     Brownell •403 

Gas,  Flue — Losses  analyzed ^224 

Gas,    Flue,    regulation    to   control   super- 
heat   'igi 

Gas,  Natural.   Power  from 246 

Gas  producer      and       boiler      combined, 

Mariscbka's    '231 

Gas  producer   chemistry.     Muench •iSS 

Gas  producer,  Dawson  &  Mason's  Moore 

byproduct  ^266 

Gas  producer,  Farnham  bituminous •SSS 

Gas,  Producer,  New  process  for  cleaning. 

Smith •823 

Gas  producer  operation  hints.     Bromley.     56 
Gas  producer    plant.    Successful    marine. 

on   vessel   "Archer."    Muench 58 

Gas  producer.  Reading •334 

Gas.    Producer,  situation,  in  tJ.  S. — Map, 

costs,  etc.    Fernald 'IG 

Gas,  Producer.    Wants    to    clean    for    an- 
alysis.   Ilarger  Gil.  Beneflel 733 

Gas  producers.  Efteet  of  variable  load  ou. 

Trantschold ig7 

Gas  producers.  Lignite  for.    Muench  366. 

(Troubles) 91,  S'^4 

Gas  rate  reduction.  Indianapolis 136 

Gas-steam  power  system.    Ray 683 

Gas  turbine,   Sullivan's •92 


Gas  works.  Steam  power  in 136 

Gaseous  fuel  in  iron  and  steel  Industry. 

Bone    565 

Gases,  Blast-furnace,  Dust  determinations 

in.    Liddell 93 

Gases,  Exbaust,    from   oil   and   gas    fuels. 

Smallwood    ^682 

Gases — Solutions    for    absorbing    CO2,    O 

and  CO.  Rogers 600 

Gaskets  in  llanges,  Renewing — Sheet-iron 

holder    •ISO 

Gasoline.    J.  M.  H t54» 

Giisoline  engine.    Sec   "Engine,   Internal- 
combustion." 
Gate    valves    in    horizontal    steam    lines. 

Correct  position  of.    Bellinger 23 

Gebliardt.  Steam  Power  Plant  Engineer- 
ing  t588 

General  Elec.  flow  meter  '192,  Half-watt 

lamps    ^367,  573 

(Jenerator.    Sec  also  "Electricity." 
Generators,    Westinghouse    waterwheel .  .  •568 
Geometry  and   graphics.    Bates,   Charles- 
worth     t350 

German  beating  and  ventilation 96 

German    power    plant.    Cleanliness    and 

elUcieucy  in.    Webster •780 

(Jerman    trip.     See    "Engineers." 

Ghent    Exposition    power    features ^621 

Gibson.  Gas  engines  vs.  steam  for  pump- 
ing      788 

Giles.     Tallying  truck  loads •83G 

Gland,      Emergency,      Pipe      flange      as. 

Walcbli   ■ 578 

Golden-Anderson   valves ^844 

Goodenough  and  Mosher.  Ammonia  vapor 
tables    59,    64,    Mollier    diagram    tor 

ammonia •398 

Gorlitzer  Diesel  engines ^396 

Goss.  Influences  afliecting  American  en- 
gineering practice 38 

Goulds  rotary   power  pump 327 

Governor  design ;   flywheel   bolts  stretch. 

Allen  25,  Hurst  242.    Terman 031 

Governor,  Inertia.  Correcting  trouble  of  ; 

ball-bearing  pin.     Hawkins •7'-'7 

Governor,  Parabolic.    W.  C • ' ' 

Governor-pin  wobble,  Preventing 

CJovernor   release.   Automatic 

Governors,   Changing.    F.   E.   K 

Governors,   Engine,   Safety   of 

Gradenwitz.  Lanz  counterflow  super 
heater  •lOS.  Oil-motor  power  at 
Leipzig    •396.    Locomobiles,    Uniflow 

system    'Til 

Graphite  feeder.  Boiler,  U.  S *  <  11 

Graphite  in  boilers  22,  Sutton  274. 
Pearce  308.  613,  Curtin  375,  Anon. 
347,  Van  Keuren  831,  (Feeder)  Hyde 
•67,     Report    by     Pittsburg    Testing 

Lab.   for   U.   S.   Graphite  Co 37 

Graphite,   Scale  removal  by.    Nigh •G8S1 

Graphite,   "S'alue  of.     Edward 177 

Grashot    medal    award 215,    ^872 

Grate.    Huber   shaking,   dumping *665 

Grease  cup,   Crankpin.    Bartram •90U 

"Greaser"   or  "engineer';"   Richards ^351 

Griinsbaw,    R.    Vibration    absorber ^700 

Grinding  engine  shaft  in  position.    Pratt     05 
Grinding  valve.   Home-made  emery  wheel 

for.     Thompson 513 

Gulbranson's  piston  rings.  ..  .'308,  408,   •692 


Haas.    Technical  extra  illustration 326 

Hale's  Bar  works  completion ^774 

Hall     of     Records     plant.     N.     Y.     ^286. 

(Test)    Ed.  30.5,  440,  Williams 444 

Ilalsey.  Handbook  for  Machine  Designers. t9U4 
Hamburg-Am.      liner      "Kurmark"      with 

Diesel  engines   131 

Hanraer.    Mixed-pressure  turbine 6 

Hardening.  Case.    Nicholson 658 

Hardin- Wyandotte   explosion 231 

Hart.    Operating  expenses.  H.  &  V.  plants  437 

Hartness.  James — Portrait •870 

Haulage-engine  repairs.    Parfitt '84 

Head.  Bumped,  Radius  of J549 

Heat    balance — Study    course 550 

Heat  distribution  in  boilers.    Barker.  .  .  .    390 

Heat  losses,   Boiler.     Moxev ^224 

Heat  lost  in  flue  gases •143,   'I'S,   210 

Heat — Students'  Manual.    Randall t703 

Heater,  Cochrane  open  feed-water,  com- 
bined with  hot-water  meter •OSO 

Heater   connections   to   prevent  pounding 

of   pump.     Taylor .^141 

Heater.  Feed-water,  Old  boiler  as.  Noble  •GO 
Heater,  Feed-water,  piping.  Kimball.  ...  •175 
Heater.  Home-made  feed-water.  Pearce.. '587 
Heater  improvement.  Bates  "l^ookson"..  148 
Heater,  National,  flow  demonstration.  .  .  .    744 

Ile.iter  piping — Traps ^458 

Heater  size.  Determining J4S2 

Heater      trouble.       Webster      •370,      Van 

Keuren  ^724 

Heaters.    Elliott   vertical   and   horizontal 

•290.  Twin •360 

Heaters — 'Feed-water  temperatures.  Hurst  763 

Heating  feed.  Saving  by.    W.  D $933 

Ili^ating.     Feed-water,     for     locomotives. 

Schneider    ^387 

HEATING    AND    VENTILATION 

— Air  washer  vs.  centrifugal  collector  on 

dust-collecting    systems.     White 572 

— Charging  for  heat.    F.  E.  O t765 
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EATING     AND     VENTILATION 

■Class  in  U.  &  V '. t>07 

■i-Coal    to    lic'iit    factoi-ies ;    diagram    lor 
I      difEereut    wall    tliicUuesses.     While.  . 'SST 
rCost    of    licatiug    and    power-plaul    ap- 
paratus.     Downing     721,     Kobertson 

S5S,  Durand yv(; 

-Klbows    in    air    ducts,     Loss    caused    by — 
Buaalo     Korge    experimeuts.      Busey 

*UU3,    Veuturi   style «aU'.i 

-Europe,  lleatiug  aud  ventilating  in. . . .      9U 

-Exhaust  sieam  heaUug  better :i:2U'.i 

-Faclory  buildiugs,  Dperating  economics 
in    heating    large,    Kochester,    N.    1'. 

Wilder   »30i; 

-Friction  and  inertia  of  the  heating 
art — Heat  generators,  conveyors  and 
dissipators  ;  air  exhaustiug  ;  "vacuo" 

hot-water  heatiug.    Dudley 1)24 

-Gas     engine,     Small.      Utilizing     waste 

heat  of.  Sanitary   Water  Still  Co.'s. .  •U22 
Jrlandbook     for     li.     &     V.     Engineers. 

llollman j-St)? 

Heating,    Elements    of.     Irwin OUU 

Heater     trouble.      Webster     *3T(),     Van 

Keuren    *724 

U.    &    V.    Engineers'    Buffalo    meeting 

180,    »303,    *368,    *3G9,    *435,   437,    *570 
Heat  transmission  with  pipe  coils  and 
cast-iron  heaters  under  fan-blast  con- 
ditions— Am.      Kadlator     Co.      tests. 

Soule    *-I35 

High-pressure  steam  heating  vs.  hot- 
water    by-product    plant ;     Ballard's 

paper  discussed.    Evans 169 

Hot-water   heating   possibilities.     Ai'ga- 

brite     9,'; 

Hot-water     heating,     Sizing     pipe     for 

gravity — Coolcys  chart *370 

Hot-water  "systems.  I'lping  costs  favor; 
capacity  of  pipes  m  radiating  sur- 
face.   Durand 926 

Hot-water  tank  failure.  Cederblom 
*139,    Kobinson    ♦344,    Terman    443, 

I^eese   515 

Load  curves.  Steam  and  elec,  in  large 
liiiil. lings.    Natl.  Elec.  Lt.  Asso...»18,  21 

\lailiMiii  Ave.  Bldg.  plant *2 

Nad.    Uist.   Heating  Asso 95,   •302 

Jprratiug  H.  &  V.  plants,  Expense  of. 

Uart .  .    437 

Dtis   Bldg. — Air   washers,  etc '42,   63 

■Physical  action  of  steam  and  forced 
lii't-water  heating  systems.    Evans..   232 

■nrnp   routrol.  Automatic *26,   *275 

:,Hli;iiiuu   table.   Estimated.    I'errigo.  .1589 
:,Mli.uurs,   Shunted,   Flow  of  water  in. 

Kieselbach   ♦236,    ♦723,   Evans ♦007 

5team    and    hot-water    heating   system, 

Combination.     Connor '857 

Jteam  mains.  Saving  by  insulation  of 

underground.    Kimurough 926 

.'ime  required  to  start  beating  appar- 
atus ;  curves  for  radiation  and  cov- 
ered steam  piping.    Taggart ^368 

'entilation  problem  study.  Experi- 
mental        411 

V'ard  heating  and  ventilation,  Special, 

Brigham  Hospital.    Knowlton *790 

Vaste  heat  from  gas  and  oil  engines 
for  heating  builuiugs.  Tweedys  re- 
port to    N.   E.   L.   A ^94 

/ater-service   connections.     VVilley .  . .  .  ^137 
I'oolworth     Bldg.,       Vacua     hot-water 
heatiug  aijplicU  to — Comparison  with 

present  system.    Evans *U44 

k.  I  tuehesne's  expt^nments  on  super- 
heat  *116 

idricUs"   Commercial   Itegister t703 

ch-lletchy    grant,    I'inchot    on 898 

zel.    Changing  from  oil  fuel  to  coal.  .^803 

3ch   electric   lamp ^226 

shberg.    New  primary  cell  127,  Marine 

Diesel   engines 231 

fman.      Handbook   lor   H.   &   V.    Engi- 

neei-s    t807 

e's  automatic  reversing  starter *13 

it,   Large   Nordberg  mine 87 

sting  drum,    Hp.    to   aecclerate tl03 

sting  engine  problem.    J.   E.  C {579 

sting  engineer.  Hunter.    Uogers.^77,  •459 

ks.   Indicator ^637,   ^712 

kinson's    gas-engine    cooling.  ...  •332,  339 
sepower.    Origin    of    term    574,    (Hp. 

aud  power  of  horsej    Stratton 831 

sepower.     small     gas     engines     539, 

Ticker    789 

e  clamp.   Steam.     Williams •139 

e,  Connecting,   to  pipe.     Chandler.  .  .    307 

e  discharge.     J.  W.  D j:760 

a.    Fire,    Testing.      Connor 832 

pital  heating  and  vent ^790 

water.      See    "Heating,"    "Water," 
"Tank,"   etc. 

'  did  it  happen?     liobinson 102 

er  shaking,   dumping  grate •665 

ter,  hoisting  engineer.     Rogers.  ^77,   ^459 
V°S  of  generators.      Kerr  330,  Stan- 
ley 330,  469,  Da*son  469,  I'earce.  .    537 

raulic  accumlators.      10.  .1.   M {209 

raulie   pump,    .Steam-driven •86.9 

ro-eleitrie.  See  "Water,"  "Elec- 
tricity." 


U:(\     s.'.      Ki  1 1  igeration." 

j^l'-''    :iiii"iii;n  i.     Uoat  valve •354 

^  Iganl    Hairr   ^lass  shield  and   retleetor.  .    32:! 

iguiui.^,    .\Uike  aud-break.      Tagott •I'.IS 

Iguiiiiju   time  vs.  economy.     Morrison  ...  •3U7 

Illinois    chain  grate   stoker *33 

I    luois  Tractiuu   Co.'s  school on 

lllm<jis      Imiv. — Ammonia      tables,      etc., 

iir      •     ...     ,    ■,    ,  59,   64,    •398 

Illinois  hieel  Co.  s  condenser 141 

Illuminating   Engineers  meet 554 

Illustration.   Extra,   Technical.      Haas...    326 
•Imperator, '     I'ower     aboard     ♦OO,     To 

retire?    goy 

Inches  of  pressure.     A.  A.  B ;±379 

Independent  plant.  The.    Starkweather.  .    374 

Indian  Kiver   (Can.)   developments 10 

Indiana   boiler  inspection 518 

Indianapolis  coal-storage  plant ^485 

Indianapolis  gas  rate  reduction 136 

Indicator,  Fireman's.     Polakov 'ssi 

Indicator,  Water  level.     See  "Water." 

INDICATOR,  STEAM   ENGINE,   ETC. 

— Air-compressor  diagrams.    Shawkey .  .  .'177 

— Air-compressor  diagrams.   Duplex *913 

— Ammonia  compressor  diagrams.     Moss- 
,  ™au    .200 

—  Ammonia  compressor.  Indicating.     Neff.^540 
-Diagram,  Correction  of  Corliss  rolling- 
mill   engine.      Mowat •763 

—Diagram,     Peculiar.       Chandler     ^403, 

Fitts  654,   Stoddart 692 

— Diagrams,  Defective,  Cause.    Boetsma.^341 
— Duwiams     from     Corliss     and     4-valve 
,    '"- '        Meliahey *49 

—  MijiiiH  n.. HI  old  engine.  I'earce.  .  .*796 
— I'l.ijii.i,  l.-aky  piston.  Belling.  ...  ^578 
— iHi- 1,1 111^,     .Sharp's     freak.     Comments 

on.      liobinson   ♦207,   Blakeman 275 

— Drip  cocks.   Indicating  through $103 

—  Hook  for  cord.     Baumeister ^637 

. — Hook,    Stewart's  "Ideal"  indicator.  ..  .^712 

— Maihak  indicator  and  Boettcher  efli- 
eieucy  reckoner  for  gas  and  oil" en- 
gines,   etc •427 

— I'ump  diagrams,  Jet  condenser.     Fitts 

•20,-1,    Heck .515 

—  Steam     consumption     from     diagrams, 

...       ,.  .      ^.  ,.,  +409,  {•655 

—  I laction-engine  diagrams,  Comp.   Read . •137 

—  \  aeuum    pump    diagrams,    steam    end, 

lor  comment.     Hart .66 

Induction   motor.   The.     Annett.  .  .  .  •534 

,    ,  •601,   ^679,   •784,'^853 

Induction   regulators.    Randolph ^919 

Industrial    Organization.      Kimball flOS 

Industrial  power  in  U.  S 484 

Injector  or  inspirator.     II.  II.  S {409 

Injector  peculiarity.     J.  P $693 

Injectors — Boiler  feeding.     J.   B {731 

Injectors,  Silencing  noisy.     Fisher.  .  764 

Inspirator  or  injector.      H.  II.  S {409 

Insulating   niaunial.    Wrslinghouse  Bake- 

lite    ".Miraiia    409 

Insulation,  iiiolri  jioiiiid  steam  mains...  926 
Insulator,     W  estiiigliouse     Bakelite     "Mi- 

.^fta" 4G9 

Insulators,    Heat   conductivity    of.      Her- 

ter    838 

Insurance  and  safety  factors.  Boehm..  353 
Interborough  30,000-kw.  turbines..  .281,  ^323 
Internal-combustion.  See        "Engine," 

"Gas,"  "Diesel,"  etc. 

Interrupted    service 650 

Irwin.   Elements  of  hr  ai  lie.' 509 

Isolated   plant,   (i.io.i    i, ■,]    (,,,■   small 

Ronton  Heel  i  o   -       .lohn  on .456 

Isolated  plant  liglils  1  iw.nion gjg 

Isolated  plant.  Successful  small — Larne'd', 

I'arter  &  Co.'s .3a 

Isolated     plant     vs.     central     station — 

.   IlraliiiK,   etc .18,     21 

—A  .'riiral  -laiioii  niisiake 63 

— Cln^ii'jo    Iv.hTal     |;|(I^ 73 

— Sc loiai   In lai.v    statistics.......     87 

— ,\.    ^     (  iiy   biiildings.  .  .•2S6,  305,  440,  444 
— I'lu-.lKising    or    making    power.      Jack- 
son        327 

— Central  station  rates 22,   .39,    106 

136,   371,   .380,   382,   416,   736,    '742, 
„„      .    ,  ,  760,  819,  837,  872 

— The  independent  plant.     Starkweather.  374 

— Cooperation.      Martin,    Ed 401 

— Cc'Utral    station    men's  motive 512 

— Giving  central   sta.  an  opening 649 

— Credit   to   central   station 928 

Isolated  plants.   Life  of.    Ripley 808 

Isolation,     Power-plant.       Davies    et    (il 

•247,    •481,  e.'iS,    ^700,  764 

llaiian    oil-motor    industry *504 

Ueiis.      Air-compressor    installation    and 

operation    •Ol'^ 


Jacket  piping.   Air 

,  |,|-,..    ■,,!■ 

•014 

.laitkeling   cylinder 

-■■              1  •    n-i'e.  . 

798 

Jackson.      I'urchasi 

3;' 7 

Jaeger.      Welding    ■ 

•T"0 

Jam    nuts,      Jablou 

>'.'.7.'..    Manning  51.''., 

Godl'n'v   012.   • 

riieker 

Jiin.niMsr    .•lee      mall 

Ilia. liners.      Liddell.. 

in 

Jefferson  flexible  iii 

uion 

Jeflrey  electric   mil 

le  locomotive 

•115 
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Johns  Hopkins,  Engineering  at BOo 

Jouus-Manville    pipe    covering 7So 

.lonuson.     Good  record  for  small  isolated 

,    .    i"»"t    •4:,t; 

Joini,   expansion.  Badger 'I'l;;! 

.loint.    Expansion.      Stephens "j-^n 


Iv 

Kansas  St.  Ag.  College   bulletin U3s 

Kansas   Univ.  compression   tests..  159 

Kaucuy  on  autogenous  welding .'.   314 

Keivm  window  dedicated -'ju 

Keokuk    plant    ♦184,    2U3,    382,    Turbine 

•114,    Switchboard   signaling 330 

Key    to   success — cartoon »a4i 

ivieselbach.      Shunted   radiators.  ...  ^236, 

Kllowatt-hrs.  per  ton  of  coal  at  various 

evaporations.      Sammons 194 

Kimball.     Industrial   Organization +703 

i\mg.      Steam   Engineering 1454 

i5.iniis,  A  tew  interesting.     Chandler.  .  .  .    307 

ivinks.  Three  useful,     vvatry ^373 

Kiiugenberg.    Victoria  Falls  system.  ..!  !^355 

r>.uile  in  blowott  valve.    iiamiU yui 

ivnock  detector.   Trap.      Uashburn -'5 

Knock    m    pumps,     iiurst    404,    I>erguson 

727,    Hawkins 930 

Knowlton.      Saving    water    in    large    suu- 
station    '395,    Special    ward    neating 

and    ventilation ^790 

Knox  Co.'s  engine   room "  .3-'^ 

is-oepsel's   water  gage ' '    .50 

ivoester.        Electricity     lor     iiarm     and 

Home    +454 

Koppel.     Engineers'  handy  drill .  ." .' .' .' .'  ' "  •246 

i^rause   absorbent   hlter .710 

ivreislnger.       Adaptation     of     boiler  '  to 

available   coal .' •■>03    310 

Kroeschell  boiler.  New "    "     '♦i"4 

■ivwlkgrip"   pipe   wrench '    ''•7.19 


Lamme.     oo-cycle  rotary  converters 639 

Lamp,      Iialf-watt      tungsten      nitrogen- 

niied.      Langmuir,   Orange •06?,  573 

Lamp,  Hirsch  electric •2-'6 

Landlord  aud  tenant  case 416 

Langen  &  Wolf  engine .506 

Langer,  P.     Large  gas  engine  in  Europe,  •syi 

Langmuir,   I.     New   lamp .507    573 

Lanz  countertlow   superheater ''lOS 

Lap,  No.  engines.     J.  M +V43 

Largest   units  in   world .114    135 

Larned,  Carter  &  Co.'s  plant '  •.•!3 

Latent   heat,   dillerent  pressures i-693 

LaufEer.       liesuscitatiou ■j-74 

Lawler,    G.    S.      lire    hazard    in    turbo- 
generators         890 

Lawrence  improved  stufflng-box ^84 

Lawrence,   Kan.,   wheel  explosion 530 

Laying  Out  for   Boiler   Makers,   etc +454 

Laws,   I'ublic  service,   Inlormality  iu 688 

Leak  detector.  Trap.      Washburn 25 

Leak  stopped  with   babbitt.      Wilson 548 

Leak,  Stopping  bad.     I'agett '308 

Leakage,    Air,    in    surface    condensation. 

Orrok     .g 

Leakage  and  tlat-curve  engine.  .'..'.•157'   407 

Leaky   piston — Diagrams •578 

Leaky  piston.  Rings  cause.     McGahey..'.  '•07 

Leaky   tubes,   Cause  of +31  ■( 

Leaky      tubes      iu      submerged      tubular 

boiler.     Kramer 26 

Learned.      Boiler    plant    of    Am.    siigar' 

Co ._    .5.<4 

Leather,     WaterprooUng 906 

Leathers,   Pneumatic  packing.    Benlley.    .498 
Lehman.     Gas-engine  explosion  231,  It'nll 

ing-mlU   engine   flywheel    explosion..    783 
Leipzig    Building    Exposition,    oil-motor 

power  at.      Gradenwitz .3;)6 

Lemp   Brewing   Co.'s  plant ^420,  73s 

Lent.      Steam    and   gas    plant    cost    365, 

Running  centrifugal  fans  in  parallel. *851 

Lentz  engine  lecture.     McIIose 838 

Lentz  engine  tests  105,  Hyde  443,  Rosenz- 

weig  795,  Moyer .779 

Lentz   engines,   Baltimore  olBce   building 

Rogers .556 

License.     See  "Engineer's,"  "Engineers'." 

"Three." 
Lift,   Questions  on.... {103,   {409,   •577,  579 

Lighting,   Factory.     Clewell +382 

Lightning  arrester,  Aluminum-cell.    Ran- 
dolph      »3(;> 

I^ightning,        Chimney        damaged        by. 

Williams    .86 

Lightning  protection.     Ohio  E.  L.  A.'.'.'.    160 
Lignite     for     producers.       Mueneh     366, 

(Troubles) 91,    824 

Lineman,   Protecting   the.      Vinson ^822 

Ijiner  loose.  Cylinder.    Collins •107 

Link  motions.    E.  P {•579 

Link,  Pump,  repairs.     Colbert .'..'.•100 

Linseed  oil  for  hot  journal.     Beggs 901 

Liquid  Fuel,   Science  of  Burning.    Best..t588 
Liquid     receiver,     Electric-pump'   control 

for.     Wheaton   .s-'S 

Live   wire.   A t-ir,i 

Load    curves.    Steam   and    elec,    in    large 

biiililings.     Natl.  Elec.  Lt.  Asso.'KS,     21 
Load,     Light.     Running    cross-conip.    en- 
gine  on.      Rollins *8.'M 

Load,   Peak,   Effect  on  boiler  operation.  .  •7i;8 
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Load.   IVak.  ric|>«rlug  toi-.    GrlBitli 342 

Load.    Variable,   HITeut  on  gas  pindiictMs. 

Tnuilsihold     Hi" 

I.oiomobilo.  All  American.     Coopor 8I!( 

l.ocomobllo    prlniiplc S30 

Locomobiles.    Itadcnla    uniflow.     tiradi-n- 

witz    "TH 

Locomotive  boiler  tubes.  Welding 'lO-T 

Locomotive  fuel  economy.     Collett .1(13 

Locomotive,  Gasoline  freight 73a 

Locomotive     smoke     abatement.       Craw- 
ford        tiiii; 

Locomotive,    Sulzer-Diesel '470.   'l"" 

Locomotive.  3-motor  2.5-tou  .Teftrey  mlne."lL"i 
Locomotives.      Keodwuter     beating      for. 

Schneider    '387 

Lodge.     Itules  of  .Management toS.s 

Log  calculator.   Tower  plant •SS3 

Log  sheet.   Ice-plant.     Kllsworth '338 

Logarithms   for   i:c}.'inncr.s.      I'lckworth.  .t283 

Lonergan  pop  sality  valve ♦84(i 

Longstrect.     I'ecnliar  boiler  design '533 

Low.        Hig      Ford      aan      engine      'IL'S. 

A.    S.    iM.    v..   (Icrnian    inceting   *2:2. 

Fcrranii  and   iiis   iiirbiii'- 'iKIS 

Low-iircs.  turbiu<'.    Sec  ■'Turblue.  Steam." 
Lubricating.     See  also  "Oil." 
Lubricating     duplex-pump     links.      Knm- 

mcrer    *SG4 

Lubricating    engines     in    cold     weather. 

Hawkins    76-' 

Lubricating  inclosed  engines.     Bui'mflrth 

•4(14.    trooper 832 

Lubrication.  Air  compressor.     Ivens •013 

LiiliricaliDii.     Air  .■omiircssor      Note 1G3 

Lubric.ilion.  I  ■viiu.l.r  I  ;i;i|.liifc.  Hacker  101 
l.ul)iii  alion.  ll.v.l..|oiicTits  ill,  I'iirisb..  .")52 
l.ubricaliou  (;r:iplulc  value  Kdward..  177 
Lubrication.    S|ilasli.   gas   engines.     West 

wood   1i;n.   lioone 

Lubrication — Study    course 

Lubricator — Crankpin  grease  cup 

Lubricator.    Cylinder — What    becomes    o 

the      water.        Thurston.      Hawkins 

r'arley    '208.    Tearcc 

l.nbi'Icator    feed-valve    wheel,    Mark    for 

Kverett     Jfi:i 

Lubricator.  Filling.     E.  P t7!)lt 

Lubricator  sediment  collector.  Clute.  ..'QSO 
Lubricator    trouble   prevented   with   wire 

Watry     

l.uhr.      Engineers'    Ilaud.v-Book , 

Luitwieler  double  acting  triplex  pump.  .  .    •.j3 

I.ukens  boiler  plate  making *2o2 

Lunkenheimer    Monitor   water   gage    348. 

I'op   safety   valve *847 

i.ytton     vacuum     traps    serving    surfac 


334 
732 


344 


373 


vacuum     traps    serving    surface 
ndenser  '148.   Vacuum  and  lifting 


M 


Macfarlane.      Foreign  Weights,  etc t737 

.McOaliey.       Corliss    vs.    4-valvc    engine, 

•49,   343,  408 
Mcintosh.  .T.  .1.     Fuel-oit  production.  ..  .♦01. t 

Mclntosh-Seymour   Diesel    engines 830 

McKee  boiler  furnace *486 

Machine  nesigners  and  Draftsmen,  Hand- 
book  for.      Halsey t0O4 

Madison  Ave,  Hldg.  plant.     Wilson ^2 

.Magneto.  Trouble  with.     Copping 7.W 

Magnetos.   Care  of.      Brennan 57 

Maihak    indicator '427 

.Mnllreatmcnt   of  apparatus.     Wetjen....    .804 

Mas   who  will  succeed *383 

Managemeul.   Holes  of.     Lodge tr>88 

Manifold  for  CO;  recorders.     Smith •296 

^^arine  engineer.   Duties  of 625 

Marine  oil  engines.    Italy •504 

Marine  producer  plant.    Mnench .')8 

.Marischka's  producer  and  holler •231 

Marks.     Gas   Fngines  and  Froducers.  . .  .  tl40 

Mar.vland  t^asualtv  Co.'s  plant *.'i."i6 

Mass.  Mutual   Life  plant ^329 

Materials  they  build  with •809 

Mathematics.   Practical.     Bates.  Charles- 
worth     t350 

Mathematics.   Practical.     Palmer tl49 

Mathematics.    Shop.      Norris.    Craigo.  .  .  .t703 

Maujer.     Otis  Bldg.  plant ^42.     63 

Mean  effective  pressure.   Finding t276 

Mean    effective    pressures — Hp.    of   small 

gas  engines.     Ticker 780 

Mechanical  efflcicncy  of  gasoline  engines. 

Wilson     600 

Mechanical   Fngincers.     See  "Engineers." 

Medical  inspection.  B.  R.  T 203 

Melting  points.   Metal t2on.  311 

Men  you  keep.  The 512 

Mercury  column    resistance J86n 

Meriden   Elec.   Co.'s  power  station '218 

.Meridian  air  pumping  plant ^842 

Mesta  air  pump   •36,  Rolling-mill  engine 
•tl.'i.   Blowing  engine  shipment  303, 

Visit    to    works ^873 

Metal    melting   points :i:209,  311 

Metals.  Condenser  tube:  corrosion.  ..  .  .  .•531 

Meter.   Cochrane   hot-water •fi.'iO 

Meter.  Flow.  C.  E.  impvd •102 

Meter.    V-notch    recording,    development. 

Esheriek ! •85 

Meter,    Venturi   steam.      Richardson •403 

Meter.s.   New   portable   Westinghonse ^304 

Mexican  boiler  explosion.     Dutton ^302 

Meyer's  large  air  compressors n 

Micarta    insulating   material 400 


Miller   rotary   engine. ...  ■    ' '2 

.Mine  hoist,  Large  Nordbn,; oi 

Mine  pump.  Automatic  air ....•^62 

Mine  pumps,  etc.     Itogers •77,  'ioii 

Mines.   Bureau  of.     See  "Bureau."  _       . 

Minimizing  the  damage.     Fritz (4.i 

Mississippi    River,   I'ower  from..  . .  .*184, 

•114.    203,   330,  382 

Missouri  River  development •500 

Mistake.    Dangerous.      BInns i2U 

MIxcd-pressurc    turbine.      llanmer 0 

.Mixed-pressure    turbo-generator    installa- 
tion.  Arbuckle  Bros.'     Reed •76 

Mixer  for  I'O;   recorders.      Smith *2yu 

Modern   Science  Club's  activities ii2 

Mollier    diagram     for    ammonia        linod- 

enough  and   Mosluu- •308 

Monorail  system.  Meriden    I'.lec.'s •210 

.Montana  had   no  holler  .•xpb..sii>us 04:; 

Montana  h.vdro-elec.  developuieut ♦oGO 

"Monte  Penedo  "  motor  ship 530 

Moore,     !■'■    T.       Transfoinicr    character- 
istics     *429,   ^407 

Moore,  R.  Rubber  belt  care •14o 

.Moore  gas  producer.     Seagi  r '206 

.Morrison.      Ignition   time  vs.  economy ...  •.iOi 
-Mossman.        The     flooded     system     *133, 

.\miuonia  compressor  capacity '200 

.Motor.        See       -Klectriclty."      "Engine," 
'■Automobile." 

.Moxey.     Analvsis,  boiler  losses ^224 

Moyer.  I'ower  Plant  Testing  1588, 
Thermal  testins.'  plant.  I'enn.  State 
(.'ollege  684.  Lent-/,  engine  t;ests.  .  .  .  •770 
.Mnench.  Lignite  suction  producer 
troubles  91.  824.  Lignite  for  pro- 
ducers 300,  Gas-producer  chem- 
istry     *4.')3 

Muffling  chamber.  Kxplosiou  in.    Mnench. ^301 

.Munich.   Boiler  room  in '.  '780 

Municipal    ownership    610.    i'asadena.  .  .  .    626 

Municipal    iilants.   Cambridge.    Ind 845 

Museums  of  I'eacctui  Arts 874 

Mvers    boiler-tube    blower ^744 

Mvriawatt.   Tlie.     Weaver  381.  O'Neill.  .    600 
Mvrick    Bldg.    plant,    Springfield ^328 


-Vame  for  steam  stuff.    I'earce 141 

.National  Asso.  Cotton  Mfrs *552,  623 

National  A.  S.  E.. convention,  etc...  173, 

•317,  349,  •450,  518,  573,  812 

National   Uist.   Healing  Asso 95.   *302 

.National   Flee.   Light  Asso 15,   ^18, 

21,   87,    »94,   134,  503 

National  Gas  Engine  Asso 905 

National    heater   flow   demonstration....    744 

National  Tube  Co 518,  t554,  t666 

National   tubular-boiler  specifications....   748 

Neco   feed-water   regulator '34 

Neff.  Causes  for  variation  in  quality  of 
distllled-water  ice  132.  Factor  in  ice- 
plant  efEeienc.v  270.  Indicating  the 
compressor    •540.    Cost    of    mfr.    in 

distilled-water   ice   plants ^756 

Nelson.      Barometric   condenser   piping.. •559 

New  .lersey  electric  accounting 697 

New  Jersey  licenses.  .  .63.  272.  280,  401,  440 

New   man.   The 478 

New  York  cellars  flooded 402 

New  York  electrical  show 394 

New  York  exam,  questions.     Lemke 200 

New  York  power  problem  :  buildings  and 

plants.      Blake •286.   305,  440,  444 

New  Y'ork   power-plant   rules 97 

New  York  Public   Service  Comm.  acts  in 

landlord  and  tenant  case 416 

New  York  smoke  ordinance  held  uncon- 
stitutional by  lower  court  174.  Ac- 
tion on  appeal 860 

New  York's  largest  turbine 281,  ^323 

News,  Concealing  the 650 

Nichols,  Installation  and  care  of 
storage  batteries  88.  125,  265,  Don'ts 

for  electricians 820 

Nicholson.     Case  hardening 658 

Nitrogen.    Estimating — Study   course. ..  .^178 

Nitrogen-fllled    lamp •567,  573 

Nordberg  hoisting  engine.   Largest ^114 

Norris.      Shop    Mathematics t703 

Not  wanted •lis 

Nozzle.     Compensating     water-measuring 

.-       ,     ..     ,  *3S9,  487 

Nozzle  discharge  velocity.     C.  A.  G $655 

Nozzles  for  washing  boilers.     Bornmann 

•480.    Hawkins •728 

Nuts.  .lam.     .Tablow  •375,   Manning  515. 

Godfrey  612,  Tucker 761 


O'Connor.      Smoke  nuisance.    I'ittsbursh 
O'Neill.     Available  CO,  percentages 
Oakland.  Antloch  &  Eastern   Hy... 
Oerlikon  generator  for  Die.sel  engines 
Office    building.        See    "Buiiiliiig."     "fso- 
lated    plant."    "llc-.-iting   and    vent.." 

OIBce  help,   tsiug.  in  slack  time 

Ogden  power  plant  wrecked 

Ohio  boiler-Inspection   rules 

Ohio   Elec.   Lt.   Asso 

Ohio  Soc.  M..  E.  &  S.  Eng '.'. 

Oil.      See   also    "Lubricalins  "     ■ 
Oil  and  yas  in  Tt.ih 


670 
•146 
440 
560 

etc. 
271 
735 
73 
166 
•806 


^^i 


Oil,  BafTes  save.     Granger 

Oil  burner.  Home-made.     Pelton 

UU,   Burning  crude.     Babcock 

Oil — luirning  Liquid  Fuel 

Oil,  tausiic  soda  eHeet  on 

Oil,    Lrude    fuel,    I'urchasers'    tests    "i 

i:entrifugal  tester.     Perkins 

oil.  Cylinder.  Collecting,  reusing.    Binn 
Oil   engine.      See  also  ••l';ngine.    Intern  . 

combustion,  "    "Diesel. 

Oil  for  draft  gages 

oil       for      internal-combustion      enginr- 

Natl.  Elec.  Light  Asso 

oil   from  engine  crank  cases.  Tanks  ati'i 

ciinneciions     for     cleaning.        i.iniii 

lirih  "404.  Cooper 

Oil  fuel.  Artilicial.     Burstall 

Oil  luel  burning.  Moisture  in i 

Oil  fuel   in  Navy 

Oil  fuel  production,  World's.  Mcintosh." 
OH  fuel  lo  coal.  Changing  from,    lletzel . ' 

Oil  in  feed  water.      Krause 

Oil,  Linseed,  for  hot  bearing,    ueggs.... 

Oil  separator.    Simple.      Peterson " 

Oil  storage.  Air  tank  for.     Gibson ' 

Oil  vs.  coke  steamship  fuel 

Oil-water  separator.     Watry ' 

Oil  wells.  Decline  of.     Huntley 

Oiling  system  alarm.      Butera ' 

Oils  and  gas  fuels,   Exhaust  gases  from. 

Smallwood    * 

Oils  for  Diesel   engines.     Biichi " 

Oily-condensate  filter,   Krause " 

On  the  job 

On  the  wrong  tack 

One-sided    development 272. 

One-wire    grounded    system    high-tensiou 

distribution.    Benton   Harbor   Co.'s.  . 
Ophiils.        Ammonia      condensers      *33.'j, 

•474.  Flow  in  brine  cooler 

Oregon    45.ti00-h.p.    development 

Orrok.  Air  in  surface  cond.'usation .  .  .  . 
Orsat  apparatus,  etc..  Using. .  .-30.  •OS. 
Orsat   or    CO-,   recorder   best';      Pohlinan 

170.    Uarger    344,    Edge    406,    Booth 

545.  Vassar  613,  Pohlman 

Osman  regriudiug  check  valve ' 

Oster.     Storage  batteries  compared ■ 

Otis  Bldg..  power  plant.  Maujer.  ..  .*42, 
Otis -elevator  controller-parts  cabinet.... 

Over-specialization    

Over-stroke.     C.  W.  B 

t>x.vgen  absorbing  solution.    Rogers 


Pacific  Gas  .it  Ei.c.  r.i 

Pacific  Light  &  I'ower  Co 240, 

Pacific     Mills     coal-     and     ash-handling 

equipment    * 

Packing,  Ellis  metallic 

Packing,   Endura   sheet 34 

Packing    leathers.     Cylinder,    Pneumatic, 

Bentley    •49 

Packing,  Piston  rod.     Sanders 

Pagett.     Make-and-break  igniters ' 

Paine's  new  primary  cell 

Palmer.     Practical  Mathematics 

Panama  Canal.  Electricity  for 852. 

Panama  locks.  Control  board  for 

Panama-Pacific    E.\position .  ,  .  .  149,    240. 
478,  563,   666,  701, 

Pangburn.     Value  of  engineer 

Paper  mills'  low-pres.  turbine 

"I'aragon"  electric  drive.     Allen 

Parfitt.      Haulage-engine   repairs 

Parker.     Operation.  Delray  boilers 

Parsons  25.i"io  kw.  turbine.  .  •630.  •668.  ' 

Pasadena's    municipal    plant 610. 

Patches.   Hard  and  soft 

Patterson.        Blending      and      chemically 

treating    fuels 

Patterson-Allen  blowoffi  valve ' 

I'eace,  The  victories  of 

Peacock.      Settled    10    feet   but   kept    on 

running    ■ 

Peak  load,  Effect  of,  on  boiler  operation. 

Wood    *7i:i 

Peak  load,  Preparing  for.     Griffith 

Pearce.     Economizer  losses  due  to  scale 

263,  Home-made  feed-water  heater.  .* 

Peat  powder  fuel.  Von  Porat's 

Peat  production  small 

Peck  combination  pump  valve • 

Peebles.      Spontaneous  ignition  of  coal.  . 
Pen   arm.    Recorder.    Schaeffer  &   Buden- 

berg's « 

Pen.     Chart      recorder.     Builders'     Iron 

Fd.v's    • 

Pen   lifter.   Automatic-release.    Industrial 

Inst.    Co.'s 

Penn.  Central  L.  &  P.  Co • 

Penn.   R.   R.     "Safety   Hints" 91 

Penn.      State      College      thermal-testing 

plant.      Moyer 

Pension  fund.  Westinghouse  Airbrake .  .  . 

Perkins.     Fuel  oil  tests • 

Pernambuco   power   station Sli 

Perpetual   motion  machine.  Alleged 

Pertinent    questions 

Petroleum.    See  "Oil."  "Engine,  Internal 

combustion."    etc.- 
Phillips.    Absolute-pressure   thermometer. 
Piekworth.      Logarithms  for   Beginners.  . 

Pillow-block    design.      Hawkins.". 

Pinchot  on   Iletch  Hetehy  grant 

Pins.     Case-hardening i:H4| 
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"Heating," 


See     also      "Blow-oEf," 

"Valve,"   "Union,"  etc. 

bbitt  sttippod  leak.     Wilson. 

ri.mrliii'  rniidcnser  piping. 

,H(,ri      |,ipi'     proteetiou ;     " 

h,is,'    hi    iiiii''  ;    removing 

nnnii.,      .  ha.idler ■■■■■   d"' 

ntei-  flndoi-,  Toledo '424 


Nelson, 
connecting 
scale   wilh 


al   PiMdiif ts  Co. 


ill.' 


•384 
447 
783 


Love. .    175 

:;;,•'  'i, ,.,„,-  r.ii.   n. i"it *9oi 

'<   I      .    Ill    .     l'Laii.->  u".      WaUemau.  .*458 

;  ,.,    I    Mil.  Badger '223 

111    ml.  Homemade.     Stephens.»929 
,  i,M,    III     ,u|i|i'irt    I'oi-    blowoff    line. 

\  ,1,    K,  li.iu *44'^ 

.,..1    iii|"s.    Cleaning    plugged,     i'etei-  ^^^ 

■rd  KiiUT  lieate'r  piping.  Kimball.  .*  175 
tlim;  Broken,  damages  engine.  Lacy  ^ua 
lauge  as  emergency  gland.  \ValcMi._.  018 
langes,  Standard  pipe 47i,     o-^,  ^^^ 

him.-      •|'..miini-avv     w.ioden.     cheaper 


rivnv   li.  I  wiilrr   LuaUua-,   Sizing  pipe   _ 

t.,i      .■.M.i.x's    chart *oiO 

„i  „ r  ^isii'ms.  Piping  costs  favor; 

.iiii.iu    \,C    pipes    in    radiating    siir- 

iai^f       itmaiid ^-^ 

aint.   Soldered  llange.     Maw    *93-J 

eak.    Stopping   bad.      Pagett ^08 

ipe-line  refrigeration.     Bern. 8_( 

i  le  work  and  fittings.     Fisclier .8do 

i-.^sni..  variation  along  pipe ;o4y 

hiiMlhihc   I'ressure  in.     Redfield -8 

ham  discharge  from  pipe ?S4J 

team,    Flow  of.      Berggren 8U J 

team   lilies.    Horizontal,   Correct   posi- 

tion  of  gate  valves  in.      Bellinger.  .      -i 
team  mains.   Saving  by   insulation   ot 

underground.     Kimbrough a.'o 

team    pipe,    Long,    Test    for    pressure 

drop  in.      RavUn ■ -'* 

Iteam  pipe  loss.  Lncovered ilUrf 

iii.niMii  line   break.  Cast-iron 404 

I     i    II  pipe    flow ^'''.ioo 

.1  yaee,  Briggs,  Application  of.  .  .'08-' 
Nil.  iH.w.  DuJand  »20,  J.  P.  Z.  .  .  .|6oS 
\  III  -.rvice    connections.      Willey.  .  .  *lg7 

\ 1  -lave  pipe.   Largest.  .  .  . 787 

\  1,  II.  h.   Prince-Groff  "Kwikgrip    *749 

I . .  11    .1  isplacement.    Determining +bl5 

1,111  i.ir  rebored  cylinder 7bS 

ton,   Leaky.      Belling ,;■■,■,■ 512 

iton,  Leaky.   Rings  cause.     Mci.Tahey .  .    'bi 

:ton    Repairing  pump.      .Johnson '441 

Iton    rings.    Steam-expanded.    Gulbran- 
sons.       Skon     'SOS.     Seymour     408, 

(Wear  cylinder)    Robb '692 

Iton  rod  displacement  allowance l-J 

iton  rod  packings.     Sanders ■■■■  ■    -8" 

iton  rods.   Riveted  725.  Failure  of  one 

at  Paterson .•  ■  ■  ■■■■■    '°^^ 

iton   tightness   test.    Ball    engine    *121,    _ 
Bollinckx  engine  record  343,  Leese.  .    a4S 

5tons.  Conical.     W.  C.  . J311 

tot   tubes — Paralleling   fans '8SI 

tting  of   boilers   due   to   furnace.     Her- 

•■IV-  inc.  Misostow.  Cox 37b 

•     1.  1   .jh  district  fuel  consumption....    3bl 

■h  smoke  nuisance  cost b70,  faoi 

I ,  - uirs  large  pumping  engine *59i 

ami.   Hand  crank-pin •341 

auimeter.     Polar,     on    circular    charts. 
Smallwood   *260,   761.   Richardson. .  •a75 

ant   output   chart.   Year's.      Ravlin '23 

ant   repairs,   slack   season.  ■■■■■■ .agit- 
ate crushing  strength.     .1.  W.  D ibw.i 

ugs  for  hollow  stays.     Trautmann.  . .  .*273 
unger      removal      from       deep      well. 

Brookman    ffr 

)lakov.     Task  setting  fm-  iii-.-imn 'BSi 

Jlaritv.    Line    wire.      Cliri-i.i.li    r-.n  ■_■  •      14 
)ole.     Primer  ot  electri.  ii\  Vvl'^' 

)pe.     Coal    purchasing    undir    si....ifica- 

tions    gxX 

M-tsmouth  Coal  Co 830 

artsmouth  plant  during  flood.     Brown.  *i7fa 

Dst-office  thief  discovered ■    4(S 

otter.      Turbine   pump   test   83,   Cost   of 

steam  and  gas  power  equipment.  .  .  .  938 
ower.  Cheaper — Reduced  mfg.  costs...  439 
ower  cost,   ice   making *7|6.   758.   ^^^ 

ower     cost     saving    with     gas    engine. 

Lufkin    ■ ,  ^3 

ower  costs.  Worcester  Ry ">' 

ower  for  refrigerating  plants.  Figuring. 

Sydney    x^l 

ower  from  the  exhaust .92 

ower  house  protection "'!■' 

ower.  Tndustrial.  V.  S:.  statistics 484 

ower  man    (poetry.)      Braley ^v'-'J 

ower   plant    emergencies -''4 

'ower  plant  equipment.  Shipping b4 

'ower   plant   foresight ■  ■  •  ■^°° 

'ower  plant  log  calculator  and  renoi-ts.  -'soi 

.„„,„,.  ^i,„f  ,.o^r,i-H=  R-^n.  Small  station.  .  415 
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Power  plant  valuations.  To  fix.  ......  ■    S.iO 

Power     plant     vibration     and     isolatwu.   _ 

Davies  et  o(..*247,  ♦481,  6o3,  *.00.    .64 
Power  problem,  N.  Y.  Cy.    I'>lakt^.^._.  *286.   ^^^ 

Power,  Purchasing  or  making.     .Jackson.    327 

Power  system.   South  Africa... 3oo 

Power  systems.   Interconnected  large....    4di 

Powerene,  a  new  fuel J^^ 

Precautions,    Common-sense oii 

Preignition — Clerk's    remedy .•;:■,•    -"^"J 

Prescott.      Small   vertical    boiler   ot   high 

capacity    t-in 

Pressure  after  cutting  off .■■■■■■  :*°49 

Pressure   drop   in   long  steam    pipe,    lest 

for.      Ravlin - '  ■* 

Pressure   e:age.      See    "Gage." 

Pi.(.^^iii    .     1 ,  I    .hn,.  engine.      Field *56 

Priniar,    .  ■  .<     1' ' '."■'■s-  „Hirshberg.  .  .  .  .  .    127 

Priui.-r  ..t  it.  .  Hi.  iiv.     Poole *19a,  •227 

Priming      condenser      circulating      pump. 

Purcell    ^". 

Proctor.      Cleaning  driven  wells *852 

Producer      See  "Gas."  "Engine.  Internal- 

Proiiy  liialM.   pulli'W   Cooling.      Boone.  ...  *929 

Pul)li,.  S,  ivi...    c.inim.  riile_s    N.  Y ^97 

Pnllen.        Kngineering  Tables,   etc.  ......  i31b 

rullev.    Loosened    idler,    wrecks    flywheel.        .^ 
Beets    '^- 

ITMP 

See    also    "Air."     "Vacuum."     "Con- 
denser." 

—Air    chambers.    Functions    and    design 

of.       Richardson ■  •  ■      70 

— Air.       Compressed.       pumping       plant, 

Meridian,    Ida.      Allison ...  *842 

\ir  driven  pumn  freezes.    Leonard  138. 
l-..i.iamin   27.5.   Ilur.st  407.   Reichard 

:.  IS     Hawkins.    Aden 5'b 

Mr    imiop.    Chamberlin    and    Gardners 
:Mii..iiiatlc.   at   mine 2b2 

-  Mlaiiiic  <'v.  plant.     Rogers *87b 

Vnh.inalii-'  inimp    control.      Mcnermid 

*ji;.    Float  switch *275 

—  Capacity.  Pump.     .T.  W.  D •  _.„■  -+865 

— Centrifugal   mine   pumps,    etc.... •11.      4oh 

Centrifugal  pump  theory.     Dangherty.    ^79 

—Centrifugal    pumps    for   boiler    feeding. 

McVav    

Centrifiigai  'R'ith  helical  impeller 704 

Condenser    circulating   pump.    Priming. 

Purcell    ■■  •  •  ■    So-J 

—Control     ot    steam    for    pump,    Novel. ^ 

Richards -39 

Corrosion   and  erosion.     Graham 3U( 

— Crank     repaired    with     wire.       Robert-^ 

son    '"" 

— Duplex  pump  links.  Lubricating.    Kum- 

merer   ;•■■;.'  ■■\ ***' 

— Electric-pumn    control     foi-    liquid    i'^- 

ceiver.      Wheaton .■  •  ■    8-8 

Qas    engines    vs     str.ani    t.ir    pnmning, 

Del.   Water  iilaiil        Cilis-m.    Wright.    7S.8 
— Hammering    in    iniinn    discliaic'c  .  .  .  .  .  .    ?2.( 

— Heater   connections   (.1    iiivv.nt    pound- 
ing of  pumn.     Taylor *141 

-Horsepower.    Pumn,     K.   W,   A  ....... 4615 

—Hot-water     littins.       F.     H-     S.     t409 
(Lifts     for     various     temoeratures) 

j,li^.|jpl *577 

— Hvdraulic'  mimn.    Steam-driven.  .  .  .  .  .  .*869 

.Tet-condenser    pump    diagrams.      Fitts 

*20.=i,    Heck ;,■  •  ■  -^  •  •    "^^ 

—Knock.     Cn.ise    of        Hurst    404,    Fer- 

ffuson  727.  Hawkins.  . 930 

_r,ift.  Height  of.     F.  R.  M.  .  .  . |!J<9 

Tift   thronch   di'^erent  sized   pipes.  ...  110^ 

—  T  ink    T-enairs.      Colbert *lon 

r  iiitwieler  double-acting  triplex  pump.    *o3 

■   — Atnltreatment  of  anparatus.     Wet.ien.  .    864 

Vi-wark  centrifugal  sewage  pumps.  ...    12,1 

—Over-stroke.      C.   W.    n -i:61 5 

—  Packing   rod— i^.mergency.      Keil 4113 

— Piston.  Rcnairins.      .Johnson  .. .._ '441 

— Pittsburirh's  large  mimping  engine '591 

-Power.  Pumnins:.     J.  C.  G a42 

— Pumn  wonld  not  work T4h-. 

— Pumping    heisrht ^ Jjn 

Pnmning  station.    Small,  records 415 

Refuse.     Power    for    pumping    derived 

from.      Foster ,:,••,• '4  •".,'• '.,'    ^"•^ 

Renair.       Emergency — Cracked      head. 

Howden     *~^ 

— Rockshaft   renair.     Mason  ^ •^l 

— -Rotarv  nower  nnmn.  Goulds 327 

—  Size    Findins  nunin      A.  M tl42 

Slinnage.    reciprocating    pumps.      Red- 
ding     - 5"; 

— Steam  from  nnmn.     .7.  A.  P iZLl 

—Suction.  Simultaneous,  different  levels.j.iRl 
—Suction    valves.    Pumn    with    hydraul- 

icallv  onerated.     Goodwin '99 

— Siinins  Safeguarding.  Learned.  .441.  511 
—Turbine    numn.    2-sta?e     test     Kansas 

irrigation    plant.      Potter.    Carlson..      83 

—Vacuum  pumn.  Wheeler  Thy.s.sen •660 

—Valve  kink— Tool  to  hold  spring.    <-'ole-^ 

man     JZ^;, 

— Valve    leakage 74- 

— Valve,  Peck  combination ■'^■' 
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Getting     from     muddy 
,1 •611,   796,   *932 

I  ii.s  pumping  plants.  .  *745 

hirm  association 772 

aldug  power.     Jackson..  327 
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Radiation    table.    Estimated.      Perrigo. .  .  tSSD 
Radiators.    Shunted.    Flow    of    water    m. 

Kieselbacli   «236.   •723,  Evans *507 

Railway    Masir.     Mchanirs'    smolte    pre- 

vention    iinipaimi 906 

Railway    iilam.    Spi  inL;il.. Id    Street. .. *324 

Randall,  P.   T,     Simik.l.-ss  Combustion.  .1 283 
Randall.  J.  A.     Heat— Students'  Manual.  1703 
Randolph.       Aluminum-cell     lighting    ar- 
rester   •,'{62.    Tirrell    regulator    *;iO]. 
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Refrig. 

sion  .S37.  Chicago  light  in;; 872 

Ratings     F.ncine 272 

Ravlin.'    n..,iiiimj    ami    in- Mil?    water- 

tul..-    li..il.T--.    :U'.i     I  i|i<  1  at  ill'.;-    boilers 

,1,1,1. T    .liil,.  ailt..  -  . •352 

Ravfleld   .■..niliiiiaii.m   .  arh,ii  .1  .h- *168 

Reading  gas   prod\icer ......  .*334 

Receiver  explosion.  Waclark  Wire  Ca  s .  .*.^22 
Receiver.  Iron  in,  goes  to  engine.     White^2i4 

Receiver  pressure.  Varying,  M.  B.  H il42 

Receiving  tank   cover   in.lures   two 80S 

Record  keeping ■„•;•■;«••■•„••  4,'  'v  "   ^^ 

Recorder    pen    arm.    Schaeffer   &   Buden- 

berg's     147 

Recorder  pen.  Builders'  Iron  Fdy.'s *634 

Recorder  pen  lifter.  Foxboro 361 

Records.    Averaging    gage.      Taylor    702, 

Durand     89^. 

Records  in  a  small  station 4lo 

Rectifiers,  Current.     Randolph •7nO 

Reducing       valve       sizes.       Determining. 

Brown    ■••.•■    45- 

Reed.   S.   J-   Tiiri.in.-   .\pplied   to  Marine 

Propii  N 1 .  1 1  1  '  38 

Reed  T  \\'  M 1  .1  i.i  .'ssure  turbo-gen- 
erator    ili-lallali..n        *76 

Refractories   for   hoilei-   plant.     Seaver.  . .  •SSS 

REFRIGERATION 

— Absorber.    Purging   the 1:731 . 

— Am.  Soc.  Refrig.  Engineers  meet- 
ing— Water  sterilization  by  ultra- 
violet ravs  :  chemistry  of  raw-water 
ice ;  electricity  from  central  sta- 
tion ;  saturatic  cycle  of  compres- 
sion :    heat    conductivity    of    insnl-^ 

ators,  etc °^% 

— Am.  Soc.  Refrig.  Engineers '83/ 

— Ammonia    charge.    Removing    from    re- 

frigerating   system •.•  ■    *"' 

Ammonia  compressor  capacity :  dia- 
grams showing  result  of  weak  suc- 
tion-valve   spring,    high    speed,    «t<^-, 

Mossman    v.'  ■;•'''  't'l,' ' 

— Ammonia    compressor.    Indicating   tne. 

jijeff  •540 

—Ammonia  condensers.     Ophiils .  .  .  *335.   474 

— Ammonia  condensers.     R.  H.  K Toi-> 

— Ammonia.    Dead        ■ Jj^ 

—Ammonia  in  brim    r,-j    Mnith .  .  .  .  .    337 

—Ammonia.  Mnllh  1  .lia-i for.  Good- 
enough   and   M.   la  1  39« 

—Ammonia  purili.  ■■.  l'ruv.:iitiug  corro- 
sion of.     Warner ;  •  •    » J" 

—Ammonia.  Removing,  from  compression 

system    -.  •  ■    *'" 

—Ammonia     to     charge     a    compression     ^^ 

—Ammonia'  vapor,'  'Saturated.  Properties 
of — Tables.  Goodenough  and  Mosher 

University  of  111 • .  • -.59.  fi4 

—Brine     cooler.     Direction     of    flow     m. 

'      Hooper  •6S6,  Durand.  Ophiils 896 

—Brine  pipe  leak.  Stopping.     Keil 403 

— Calcium    chloride  brine.    Making -^>' 

— Cold  storage  banquet .•••.•■'' 

— Cold  storage,   Relation  of,  to  plant  ca- 

pacity.      Starr •  •  ■  v,-  -^^  '/  '  •.;    J,'} 

—Cold  storage  temperatures,    N   K  LA.  134 
— Congress    of    Refrigeration     316.    511. 

519     606.    60R.    609.    684.    685.    •,06,    8 ' , 
— Corrosion   in   refi-ig.   systems.     Smith.,    -b.s 
— Eastern  States   Refrigerating  plant... •329 
— Electric-piimn     control     for    liquid    re- 
ceiver.   Wheaton J". 

—Engineers'    Handy-Book.     Luhr T73i_ 

—Expansion  valves.  Setting.    Thurston..    82b 
—Flooded    system.    Operating    on.     Moss-^^^_^ 

—Ice.    Dis't'iiled-water.    Causes   for   varia- 

tion  in  quality  of.    Neft. l32 

—Tee   fusion.    Latent    heat  of,    Dickenson 

Ft  al.  60S.  Ed .2" 
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ui:Kni(;KUATiON 

— Ice  luaklne,  Tuibinc  exiinust  for,  Lex- 
ington,  Ky 476 

— IcemrB.    and    cold-stDnigc   plant.    Com- 
paiailve    installatlnu    and    operating 
costs  of  eoiulilncd.    Talt.   Nordniejcr  G06 
— Ice  plant    I'lIUienc.v,   I'actof   in.    Sett.  .   270 

— Ico  plant  log  slieet.    Ellawofth 'SSS 

— Ice     plants.     Distlllcd-watci',     Cost     of 

mff.  In.    .Ni'ff •756 

— I'ipellne    rel'iigeiatlon.      Beln..' 827 

— Tower,    Ccntiol-stntlon.     Stevens    837, 

Ed 860 

— Power   cost   for   ice   making.     Stevens, 

BIgclow    -.".8.    Brown 895 

— Power   for   refrigerating  plants.   Figur- 
ing;.     S.v(ine.v 201 

— Refrigeratiiif,'      Industry      in      America, 

Present  status  of.    Van  I)er  Wart..    68.") 

— Refrigeialinu  and  present  needs 609 

— Refrigirition    loss.    A.  A.   U J805 

— Shipboard.    Itefrlgoration    on 542 

— ^Thermal  testing  plant.  I'cnn.  State  Col- 
lego.     Mover 684 

— Water.  Condonslng.  for  ice  plant fClo 

Refuse,  I'liwer  for  pumping  derived  from. 

I'oster    163 

Regenerative   accumulators.     I'"otliergill.  .♦675 

Regulator,    Neco    feed  water •34 

Regulator.  Tirrell.    Randolph  •.101,  Culter  043 

Regulators.  I'ecd-water.    Terinan 'Gig 

Release.  "No-voltage."    F.  E.  A J142 

Relief,  The  tardy 'aSS 

Renton    Heel    Co.'s   plant.     .lohn.son '456 

Repairs  during  slack  season 372 

Repairs,   Temporarv.     Keil 403 

Report  sheet.  Chester  Valley   ♦492,   Cen- 
tral L.  &  i:  Co 'SSS 

Report   sheet.   Otis   Bldg '48 

Responsibility    in    assistants,     Encourag- 

„       Ine     402 

Resuscitation.     Lauffer t74 

Reuleaux,  E.  O.,  Death  of 284 

Revolntion   counters •428,   '637 

Rhode  Island  coal 830 

Richardson.    Air   chambers   '"O,   Venturi 

steam   meter •493 

RIchardsons,      Westgarth     &     Co."s     air 

ejector    .  .  .    'GSi.    ^674 

Richmond.    N.    Y.,    boiler    explosion    627. 
„.^.  ,   „    „        .  <550.    •G63.  943 

Riding   cutofT.    Running   without ^482 

Ring.  The  Adamson.    Webster •763 

Riveted  piston  rod  failure 725    *735 

Roberts,    (ias   Kugine   Handbook .'.t418 

Rochester   heating  economics «302 

Rock,   Why   engines 24,   208,   407 

Rockford    "Beam"    smoke    preventer. ..  .♦414 

Rocks,    Avoiding    the ^667 

Rockshaft   repair.    Pump.     Mason •441 

Rogers.    C.    M.     Solutions    for    absorbing 

COj.p  and  CO 600 


I-entz  engines.  Baltimore  office  build- 
ing   •.'"i5f,.    Pop    safely    valves    •84G, 

T,   ...•^"•'•"IJ!^  Cv.  pumping  plant ^876 

Rollingmlll     engine     nywheel     explosion. 

I.ehman    733 

Rollins   medium-speed   engine ! !  .      •457 

Rotary    converters.     Sec    "Converters." 

Rotary   engine.    Miller •778 

Rubber  belt  care.    Moore ^145 

Rubbish   as   fuel.     Ballon 101 

Rust  Joint  compound.    F.  W.  D {799 

S 

"Safety  Hints."  P.  R.  R •. .  98 

Safeguarding  sumps.  Learned  441,  kd...  511 
Safefy—Meeliicians'  don'ts.  Nichols...  S2() 
Safety  factors   and   insurance.    Boehm . .   353 

Safety  first  793.  Goodyear  Co.'s 872 

Safety  Methods.    Tolman. ...  t->8'J 

Safety   rules.   Public   Service   Comm...'!.'   "97 

Safety  stop.    Falls    engine •404 

Safety  valve.    See  "Valve." 

Sammons.     Kw.-hrs.    per   ton   of  coal   at 

various    evaporations I94 

San  I'ranciseo  electric  rates 106 

San   Francisco  Exposition  149,  249.  478 

„  „^  .       .    ,       „  563,  666.  701',  873 

Sand  bomb  for  flue  gas •179 

Sanders.     Piston-rod    packings...'.!.;'"'    280 

Sanitary    Water   Still    factory •922 

Sarco   smoke   recorder •49'> 

Saturatic  cycle  of  compression.    'Be'r'tsch  838 

Savannah    Elec.   plant.    Rogers ^152 

Scale.      See    also    "Water,'^    "Graphite " 

Boiler." 
Scale.  Economizer  losses  due  to  :  remov- 

ing  It.    Pearcc O63 

Scale  removal  with  pump.    Chandler 307 

Schaeffer    &    liudenbergs     recorder    pen 

arm *^     ^147 

Schneider.     Feed  water   heating  for  '  io'co- 

raotives    ^387 

School.   Boiler-room.  III.  Traction 911 

Scored   valves.    Repairing.    Sutton '.'.   341 

Seager.    .\utomatic  reversing  starter  •IS 

Moore  gas  producer  •206,  High-speed 

belt  drive  troubles •917 

Seal.  Air-bound  water.    Stewart     •'■7.'J 

Sealing      low-pressure      turbine      gl'a'nds 

Werner    * ,g,4 


POWER 
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Seaver.     Refractories •583 

Sediment  collector.   Lubricator.    Clute...^930 

Self   interviews •489,  •705 

Semple.    Tropical  Alter  plant '810 

Separator      gage      glasses.       Preserving. 

Oliver   ..'. 'goi 

Separator.    Oil-water.      Watrv •373 

Separator.   Simple  oil.    Peterson 'aoo 

Separator.  Steam.  Home-made.  McGerrv.*314 
Separators  and  aftercoolers.  Richards...  27 
Settled    10    feet    but    kept    on    running. 

Peacock    •392 

Sewer,   Ash-conveying.    Terman 'SIO 

Siiaded-pole    motors.     Annett 'SSS 

Shaft  aligning  troubles  as  influenced  by 

belts.     Bailey 23 

Shaft  coupling,   Francke  flexible •12 

Shaft.     Engine.     Grinding,     in     position. 

Pratt 65 

Shaft  speed  counter.  Vest-pocket,  Am.  St. 

Gauge  &  Valve  .Mfg.  Co.'s ^428 

Shaft,    Welding  armature.     Klindworth..    264 

Shealy.     Steam   Boilers -^7.^7 

Ship.  Fastest,  in  world 418 

Shipbuilding  statistics 354 

Shipping  power-plant  equipment 64 

Shirk.   The 007 

Sketching.    Shop.     Woolley.   Meredith t944 

Shunt-wound  dynamos  in  parallel J243 

Shunted      radiators.       Kieseihach      •236. 

•723.    Evans ^507 

Signaling.   Switchboard.   Keokuk 330 

bllenccr.    large  engines.     Moore •131 

Sketching.    Shop.     Wonllev.   Meredith  ....  t944 
Skinner.    "Flat-curve"  engine  •157.  Econ- 
omy test 566 

Sleep,  Price  of  few  minutes 'ogi 

Sleeve.  Revolving,  for  bearings.    Delanev  •24 
Slide  rule  for  factors  of  evaporation.  ..".•882 
Slippage,    reciprocating    pumps.     Redding  207 
■Smallwood.    Polar  plahimeter  on  circular 
charts     •200.     •375.     761.     Exhaust 

gases  from  oils  and  gas  fuels ^682 

Smith.  C.  F.  Practical  Alternating  Cur- 
rents     ". .        1539 

Smith,    H.    P.   Cleaning  gas .  .    *S''3 

""li'h-  M-  B.  Corrosion  in  refrig.  systems 
-OS.  New  manifold  and  mix'er  for 
CO2    recorders     •296.     Ammonia    in 

brine    007 

Smith    Paper   Mills'  •  turbine;  ; ;  ; ; •'oei 

Smoke  abatement.  Locomotive.  Crawford  66"' 
Smoke    convention.    Pittsburgh    487.    500. 

Smoke  evil.  The ^"'   687 

Smoke  inspector's   tribulations ' 's'o's    .-^Ifi 

Smoke  nuisance  cost  to  Pittsburgh '670 

Smoke  ordinance,  N.  y..  held  utieonstitu- 
tional  by  lower  court  174.  Action  on 

„       appeal    860 

Smoke  preventer,  Rockford  "Beam- 
automatic    .414 

Smoke     prevention     campaign,     Rail'wav 

Master  Mechanics' "    ook 

Smoko  recorder.  Sarco .iqS 

Smoke  rings.     E.  P to?5 

Smoke   rules.  Cincinnati '3'3'9"''?4q 

Smoke  teste^r.  Standard  umbrascope'.Wil- 

Hams.  Brown  &  Earle's I  .770 

Smokeless  Combustion.     Randall.  Week's 

Kreislnger     '^'^""'j.^o. 

Smokeless  furnace.  Standard. . .4 

Snow  heavy-oil  engine.     Ballin ...;;;;"  .029 

Soda-ash  feeder.     Smith .S4R 

Soda^ash  for  boiler  waters.  'Bromley 
412.    481.    Voder    612.    Greth    728, 

Hawkins    '-°'»_q_ 

Soldered  flange  .lolnt.     Maw .'.'.'. .030 

^S^kI"?  V™'  J'Pating.  by  gas.  G'ti.in;»728 
Solutions  for  absorbing  CO..  O  and  CO. 

KOgOt  S     ftOrt 

wITker'""'   '^'""''  ^"°'   "a'wkl'ns'  '8'3'l'. 
%'^'^t  '"fln'^nee  on  i>oil'er'ee'o'no'ra.v;  '  'pi'shei-  8?(1 
Soot.    Remarkable    examples    of— Vulcan 

'o.  s  data •.-q- 

Soule     Heat  transmission  with  pipe' coils 

braltcomiiuons"^''"'"     "''^''■'     f'"'-.^,. 
South  .African  power  system. .^V^ 

«-;^rw""^l^^^^'?S^;-ive.;;^s| 

Specialization.    Over  Iq 

Sn  if  Vo"*"''''"'*'""-  "^^^f^-ooa  I6S.  Boine  334 
Split-Phase  motors.     Annett...  .S?? 

Spontaneous  ignition  of  coal.  Peebl'ei'  '  486 
Spr.ny  cooling  tower.  Broken  Hill.  .  .61? 

Spring  support  for  motor.  .  .  "  '•Sia 

Spring    Weak  suction  value.  ....'. .OQO 

Springfield  convention.  N.  A  S  E  'i't'^j' 
Cartoon     •SI  7.     Elec.     light     plant 

•>-4.    Knox    Co.'s.    Mutual    Life   and 
other    plants    •328.    •329,    Program 

•149,    Report .illlA 

stack.      See    also    "Chimney." 

Stack.  Wrecking  Ralaklala »fioo 

Standard  pipe  flanges 477    •507"7'i'o'   R^n 

Standard  pipe  thread  gaging  ■.foS 

Standard   smokeless   furnace       ,7 

sJ^!!^"";,'- '"""l^'' "''"'"'  speciflcatlon.i:::   748 

Worller"^  "'""''"■'*'"'"  '"^tal'atlons. 
Standpipe.   Press„;e'  in.'  "  'Redfiel'd'.'.'.'.'^""'  "^ 
Stanton      Analyzing  Coal,  etc 'to5. 


July  I  to  December  31,  1913 


PAOl' 

Starr.     Relation  of  cold  storage  to  plant 

capacity    89<' 

Starter,  Hofle's  automatic  reversing  motor    'ij 

Starters.   Squirrel-cage  motor •784 

Staten  Island  boiler  explosion.  .027,  650 
„^  ^  '663;  948, 

Stator  not  properly  aligned.     Dennis. . .  .   503 
Stay-holt    strain — Correction.       Fisher       348 
Stays.  Hollow,  Plugs  for.       Trautmann.  •273 
Steam.       Sec    also     "Engine,"    "Boiler" 
"Turbine."  "Pump,"  '^Piping."  "Heat- 
ing,"    "Gage,"    ^'Trap,''     "Ejector," 
Superheat,"  etc. 
Steam — Absolute-pressure   thermometer. ." 
Steam  and  electric  load   curves  hi   large 
buildings.     Natl.  Elee.  Lt.  Asso.^18 
Steam     and     forced     hot-water     heating        j 
systems.   Physical  action  of.    Evans.    232 
Steam    and    gas   plant   cost.      Lent   363. 

Potter    

Steam  backs  up.     E.  R.  M '.'.'."  t 

Steam  consumption.  Engine ; ;    ' 

Steam  consumption  from  diagrams  J-lOli    '  > 
Steam  consumption — Moisture  correctbin    f.'i-; 
Steam  control   for  pumi).    Richards...       ■  _  ;'i 

Steam  discharge  from  pipe ,  (•( 

Steam    Engineer's   Manual,    D'Este..!        UMii 

Steam    Engineering.     King t454 

Steam  flow  in  pipes.     Berggren 

Steam-gas  power  system.    Ray ;    ; 

Stack  height  and  chimney  draft 

Steam — Latent  heat.  diff.  pressures 

Steam  line  draining.    W.  G.  M t4ng 

Steam  loop  economy.     Culter 

Steam  mains.  Insulation  of  underground 

— Savings.      Kimbrough .,   „ 

Steam  meter.   Venturi.      Richardson •493 

Steam  plant  trouble  causes 610 

Steam  power  in  gas  works isj 

Steam    Power   Plant    Engineering.      Geb- 

hardt    f 588 

Steam  regenerative  accumulators.    Fother- 

„       gM -u,™ 

Steam  saved  by  cutting  off tioj 

Steam  separator.  Home-made.  McGerrv  •51.i 
Steam  stulf.  Name  for.  Pearce....  "  14] 
Steam,  Superheated.     Duchesne.  Heck       'IK 

Steam    tables — Study    course '    :Mf 

Stettin  electric  plant  erection....  rjj.T 

Stevens.  C.   H.     Electricity  from  central 

station   for   refrigeration s:;7 

Stevens  graduates,  Occupations  of osi 

.Stewart's  "Ideal"  indicator  hook 'TI-j 

Stirling  boilers.   Detroit  Edison's •936 

Stoker  and  boiler  installations.  Standard- 
izing.    Worker 500 

Stoker.    Chain-grate    which    returns    its 

ashes.     Underfeed  Stoker  Co.'s   . .        ^8^ 
Stoker.    Delaunay    Belleville,    chain-grate 

actuating    device •c.s 

Stoker.   Illinois  chain-grate ''    •.sb 

Stokers.     Chain-grate,     Reclaiming     fuel 

from.      Brown 507 

Stop.   Improved  Falls  engine. .;;;;; 

Storage  battery.     See  "Batterv." 

Strauss.     Low-pressure  turbines.  ...  •220    •>Zf 

Study   course.   Engineers' •so    •es 

•104.    'US.    ^178.    210,    ^244    '•077' 

310.    312.    346.    378.    410.    445.    4S3' 

516.   .-.30.   580.   616.    •656.   694.    7.3'' 

...   J*'"'  *■'■''•'•  '^'^^-  SS-''-  "866.  *002.  934  ' 

Stufflng  box.  Lawrence  improved .... 

Sturtevaut  air  washer ;  "'• 

Substitutes  in  emergencies ; ;    ' '  '   ayi 

Suction  line.  Cast-iron.  Break  in.    Lucas.  404 

Suction   producer.     See  "Gas." 

Suggestions  and  complaints — Cartoon...      •] 

Sullivan   air  compressor ♦814 

Sulzer     Bros."     work.     Switzerland  '  's's'i 
Diesel  locomotive  ^470,  477,  Marine 

Diesel    engines .=539 

Sumps.      Safeguarding.        Learned      441'. 

Sunda.v — ■i'he  da.v' of 'rest  (?>;;...  '•'41'  6^ 
Superheat.  Automatic  regulation  of....'»19] 
supenieat.    Duchesne's    experiments    on 

Heck    •lif 

Superheat,   Highest.      .7.   A.   V.'.'.'..'.  ±37^ 

Superheater.  Lanz  counterflow. . .  Iioa 

Superheaters  on  N.  T,  N.  H.  &  H ''79 

Superheaters.   Schmidt  locomotive...;"'    749 
Switch.  Float,  for  tank  with  little  head- 
room      .075 

Switchboard   signaling.    Keokuk...;!  330 

Switzerland.  Electricity  cheap  in. 
Sydney.    Figuring  power  for  refrigerating 

plants . . . .        001 


Taber  boiler-compound  feeder •!■> 

Halske'-s  ^'^^^^  vibration.  Siemens  & 

Taggart.     Time  required' to 'start  heating 

,  apparatus    •SeS 

Tait.     Costs  of  ice-mfg.  and  cold-storage  ' 

plant    '^     ofiR 

Tank  alarm.   Oil       Buteiii ;;.'.';;; ! .374 

Tank.  Blowoff.  Constructing " '  t34.? 

lank.  Condensate  receiver.    Purcoll  •fill 

rank  float  valve.  "Ideal"...  *-ika 

Tank  floats ion'  '•o't'k  '  •'o'aX 

Tank-head  strength;    "r.'.t' "        '     "^'  toSq 

Tank    not-wat_er.  Why  did  It  fair?"ce'd'e'r-  "  ' 

blom    •ISO.    Robinson    ^344.    Terman 

443.    Leese . 
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,sk  sotting  tor  firemen.     Polakov •SSI 

sk.  The  fireman's 027 

\|iir.  Averaging  gage  records ....  702,  S99 
inn  rature  measuring,  by  specific  heat. 

W     G.  G 1549 

iiilHiature  measuring.   Flue-gas '178 

ni|irrature  test  measurements l'G93 

miniatures.   Cold-storage l.'!4 

iui)"rar.v  Jobs,  Some.     Keil 403 

uu.  Hiver  power  plant *774 

rman.     Boiler  attachments.  *461,  'SRO, 

*618,  *G35,   833 

rr.v    return-flow    turbine •fiSS 

St,   iM'onomy,  Skinner  engine .506 

SI    1  .suits,  24  hrs.  run.     Ward 547 

si  iii^'.   Power  Plaut.     Moyer t588 

sis     (,f    crude    fuel     oil.     Purchasers'; 

.riiirifugal  tester.     Perkins *25n 

(1  iii.il   efliciency.      S.  S +377 

niii.il  testing  plant.  Penn.    State  Col- 

I.  l;v.      Moyer 684 

.rniouieter,     Absolute-pressure.       Pbil- 

lijis    •415 

rnii. .scope,    CO. ^428 

.Till. .Stat,  Setting.     L.  B.  T +731 

i.  1    iliscovered 478 

..mas.     Steam  ejector  efficiency 322 

..ik.lson.     Air  Compression,  etc t588 

r...  li.ense  system — Boiler  welding.  .  .*940 
iTi^  wire  generators  in  parallel.  Trouble 

with.      Mason •SSI 

.ree-wire  system.     A.  I-I.  A $^243 

rottling    calorimeters *448 

uirston.  Setting  expansion  valves....  826 
lyssen      singlo-cyliuder      comp.      engine 

•413.   Vacuum   pump •660 

ed  to  the  plant 574 

me     required     to     start     heating     ap- 
paratus.     Taggart •SOS 

>ll  regulator,  Randolph  •501.  Cultcr.    043 

bin  lironze.    A.  S t799 

ledo  center  finder *424 

Imau.    Safety  Methods 1283 

ol.    Mre-cleaning.    Burmflrth •404 

u'sion    power   meters.    Japanese    visible 

scale    for 921 

isi   oil   engines •504 

'.action-boiler   explosion,    Okla *214 

action-engine  diagrams.  Comp..  Read..*137 
ansformer  characteristics.  Moore  ^429,  *467 
ansformer  circulating  water  cooling.  .•SOS 
■ansformer  connections.  Novel.    Filkins.^197 

ansformer   frequencies 90 

ansmission.    Constant-voltage.     Dwight     54 

ap.  Air-bound.    J.  \V.  D +799 

ap,  Lytton   vacuum   and   lifting ^771 

ap.  Steam,    knock    and    leak    detector. 

Washburn    25 

ap.  Why  did  it  fail  to  drain  dry  cans. 

Johnson    373.    Odell 548 

aps,  Bucket,  best.    Pearce 729 

aps,  Lytton     vacuum,     serving    surface 

condenser    •148 

aps  on  exhaust  lines.    Wakeman ^458 

autschold.    Effect  of  variable   load  on 

_  L\s  producers 167 

eebv.     Worthington    rotary    air    pump 

•122,   309 

igonometry — Study      course      ^766.      •SOO. 

835.   'Sae,   *902,   934 

nick  loads.  Tallying.    Giles 'SSe 

•y-cock  blows   dry  steam J345 

ibe.    See  also  "Boiler."  "Condenser." 

ibe  beading.    B.   H.   S +731 

the  cleaner,  steam-motor-driven '121 

.irbine,  Fxhaust-gas.   Sullivan's '92 

iirbine  pump.    See   "Pump,"   and  cross- 
references   from    it. 

[IRBIXE.  STEAM 

.■ntoring  through  seals 10 

A)  ■  iliaries.  Steam  turbine  for 97 

I    :     .  t   erosion.  A.   E.  M t731 

r   Valley   Electric  plant •490 

iii.inwealth       Edison's       25.000-kw. 

Parsons    turbine    for    Fisk    St.    'OSO, 
•668,  •674,  30.000-kw.  G.  E.  turbine  674 
kCondensate  accumulator   Purcell   •eil, 

Jones    832 

-DeLaval    velr..i.>    -i.j,     i  iii-l.ine ^358 

-Economy.  Tiirl.in.     >       ..|jim> J209 

-Exhaust  for  i..    m.:    i 476 

-Ferranti  tui-l.in     s:;,.     i  ,„  ,v •908 

-"Imperator's"    turbines •oO 

-Interborough  30.000-kw.  turbines  281,   ^323 

-Limiting  steam-turbine  size 759 

-Low-pressure    turbine,    Astoria    veneer 

mill    •887 

-Low-pressure     turbine.     Saving     with. 

Smith  Paper  Mills •261 

-Low-pressure     turbines — Stevens    prize 

paper.      Strauss ^220,   238 

M.  liiis  &  Pfenniger  turbine 280 

Mix.  .i-pressure  turbine.    Hanmer 6 

Mi\..lpres.    turbine,    Lemp    brewery ..  •423 

\       :.     too    small.     Campbell •GSS 

'  '  liu^  without  dry-air  pump .t409 

.limbs   stairs.    Alpha   plant.  ..  .•423 

s:.\  iiiuah  Elec.  plant.    Rogers •152 

-Sealing      low-pres.       turbine      glands. 

Werner    •654 

-Springfield   elec.-Iight   plant 'SIS 

-Starting   turbine.     R.   A.    C j:579 

-Steam-turbine    engineering 794 

-Steam  turbines.  Westinghouse.  in  mod- 
ern    isolated     plant — Davis     Baking 

Powder    Co.'s •664 

-Terry  return-flnw  turbine 'SgS 


r.\GB 
TURBINE.    STEAM 

— Tests  of  turbine  vessel — Boiler  mis- 
management       306 

— Turbines  Applied  to  Marine  Propulsion. 

Reed 7738 

— Turbo-a.ii.r: ■    installaii.iu.    Arbuckle 

Bros.'    ciiiii-    mix.'. I  pi. '.sure.     Reed.    ^76 
— Turbo-g.ii.  lah.rs.    In.'    hazard    in....    890 

— Vacuum    required   +34o.    Wetjen 513 

— Valve,  Secondary,  of  turbine,  Improve- 
ment to — Handles  on  adjusting 
screw.    Campbell •ISS 

TURBINE,    WATER 

See  also   "Water." 

— Hale's   Bar,  Tenn.,  works •774 

— Hydraulic   Turbines.      Daugherty 1703 

— Keokuk  turbines,  10,000-hp.,  etc.  '114, 

•184,   203,  330 
Turbo.     See   "Turbine,    Steam,"    "Pump," 

and    cross-references    from    it. 

Turners  Falls  Power  Co 722 

"Tyuemouut,"     Diesel-elec.    ship ^641 

U 

Uehling   vacuum   recorder .  .•SIO 

Umbrascope  smoki'  r.  st.r.  Standard,  Wil- 
liams,   Brown    ,V    I'aii.  s ^778 

Underfeed  Stok.r   .         -i.,...  i ^87 

Uniform-dischars.      .ah.        i'.iuwnell.  .  .  .^405 

Uniform  Elec.  Kaic  A...»u 371,  380,  382 

Union,   Jefferson  flexible • 492 

U.  S.  Bureau  of  Mines  •IB,  283,  623,  703, 

738,    755,    843,    869,    872 

TJ.  S.  Envelope  plant •329 

U.  S.  Graphite   Co.   37.    Feeder •711 

U.  S.  producer-gas    situation;    map *16 

United    Verde's    compressor    settlement.  .  •392 

Units,    Largest,    in    world *114,  135 

Universal   Craftsmen's  meeting ^282 

Utah  power  plant  wrecked 735 


"V.acuo"    hot-water    beating •644,  925 

Vacuum,      Best,      with      cooling     tower. 

Bancel    •671 

Vacuum    fall    in    surface    condensation — 

Diagrams.     Orrok •S 

Vacuum  pump  diagrams.    Hart *GG 

Vncuum  pump.    >\'rinrlnr   Tbyssen •GGO 

Vacuum   recorder,    f.lilinu- •SIO 

Vacuum  required   i..i    hirl.iii.'  and  engine. 

F.   E.   K.   i;3-l..,    W.phii 513 

Vacuum  trap,   Lytlou    *icl,    Serving  sur- 
face   condenser    •148 

Vacuum.  Why  not  higher?  .  Deane  Steam 

Pump  Co 241 

VALVE 

— Ammonia  compressor  suction  valves — 
Effects    of    weak    spring    and    high 

speed   ^200 

— Back  pressure  valves,  etc.    Terman. . .  .•eSS 
— BlowofE  valve,  Patterson-Allen  everlast- 
ing   slow-opening •783 

— Blowoff  valves.  Attention   to 897 

— Broomstick  on  broken  stem 403 

— Butterfly   valve.    G.   C.  W t243 

— Check  valve,  Osman  regrinding '295 

— Compound-engine  valve  did  not  operate. 

Waldron    65 

— C.rliss   valve   trouble.      Mitchell 307 

— Cutoff   questions 1:209,  276 

— Double-acting  non-return  cutout  valve. 

Crane-Erwood ^845 

— Exhaust    valves    inverted.     Robinson.  .    102 
— Expansion  valves.  Setting.    Thurston..    826 

— Fairbanks  removable  seat  valves ^466 

— Feed    valves.     Terman ^619 

— Float  valve,  "Ideal"  automatic ^354 

— Foot-valve  action.    J.  W.   D 1693 

— Fuel  valve.   Sticking.    Wills 434 

— Gate  valves  in  horizontal   steam  lines. 

Correct  position  of.    Bellinger 23 

— Grinding     valve.      Home-made     emery 

wheel   for.    Thompson 513 

—Lap,  Valve.    E.  P t933 

— Leakage  and  "flat-curve"  engine.     Skin- 
ner     •IS",       (Steam-tight      valves) 

Chase  407 

— I,eaky   slide  valve,   Detecting tl42 

— Links — Open  and  crossed  rods 4579 

— Motor  drive  for  28-in.  valve.    Allen...  ^164 
— Painted     valve     stems     indicate     valve 

positions.      Radcliffe 864 

— Pump  valve  kink — Tool  to  hold  spring. 

Coleman    ♦930 

— Pump  valve  leakage ^742 

— Pump  valve.  Peck  combination ^599 

— Pump  valve  seat- remover.    Wolfgang.  .•862 

— Reducing-valve    sizes.     Brown '452 

— Safety  valve,   Erratic.    E.   P t799 

— Safety  valve.  Leaky,   repaired.    Buder.^513 
— Safety    valve   problem.     Hastings   729, 

Bonn    931 

— Saf.-tv   valv.'  .|ii..sti.-.us.    R.  B {209 

—  S:n'.i\    Mill.-    -i'.-      J.   W.   D t865 

—  Saivt\     \al\.-    -ii.l-.s.     Wilke 342 

—  Sai.-M    val\.-     .siaiionary  boiler  pop — 

V'aiiiius  makes;  adjustment.    Rogers. •846 

— Safety  valves.    Terman •620 

— Scored    valves    and    seats.    Repairing. 

Sutton     341 

— Spindle  repair.    Johnson •SOI 
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VALVE 

— Stop    valves.     Terman *Q3a 

— Suction  valves,  Pump  with  hydraulic- 
ally  operated.    Goodwin •aO 

— -Tightness   test.   Ball   engine   ^121,  Bol- 

linckx  343,  Leese 548 

— Turbine  valve.  Secondary,  Improvement 

to.    Campbell    'ISS 

— Uniform    discharge    valve    for    flue-gas 

collector.     Brownell    ^405 

— Unloading  and  reducing  valves.  Auto- 
matic and  hand-controlled,  Golden- 
Anderson   ^844 

— Valve  for  many  purposes.  Spring-loaded 

globe.    Van  Keuren •SIS 

— Valve  opening  guess  prize 518 

— Valve  opening  wrecks  water  plant.  . . .   794 
Van  Der  Wart.    Refrigerating  industry  in 

America 085 

Veeder  revolution  counters *637 

Veneer  mill's  low-pres.  turbine •887 

\'entiIation.     See  "Heating  and  Vent." 

Venturl    steam   meter.    Richardson ^493 

Veuturi    style    elbows.     Busey *369 

"Vermont,"    battleship,    disabled 943 

Vibration  and  isolation.  Power-plant. 
Davies  *247.  (iibson,  Marcus  481, 
Brit.  Anti-Vibration  &  Noise  Co.  653, 

(For   injectors)    Fisher 764 

Vibration  tachometer,  Friihm *123 

Vibrations.  Machine — ^"Silenz"  absorber.  .^700 

Victoria   Falls  power  system •SoS 

Vocation.    Your   sou's   609,    Hawkins   831, 

Walker 864 

Vocatioual  training 7(J0 

Voltage  drop.   Resistance  to  given +:377 

Voltage,   High.    Stockwell   681,  Purcell..   822 
Voltage    regulation.    Necessity    for    good. 

Weber    681 

Voltmeter  indicates  water  level.    Vinson. *547 

Von  Porat's  peat  powder  fuel 163 

Vulcan    Soot    Cleaner   Co *596 

•w 

Wachnsett    water-power    earnings 219 

Waclark  Co.'s  receiver  explosion *522 

Wages,   Engineers'.     Belknap 574 

Wakeman.  Ropairinc:  )".r."ilc..n  cylinder 
*32.     Addiim     i..'     iLiimlation"  ^297, 

Traps  on  .jxlian^i    Im.  s ^458 

Waldrou.    Elec.   .I.  \ r   .pi.stions 102 

Wasliout  under  pump.     Miller 'esg 

Waste  heat.  Power  from.  West  Hartle- 
pool          49 

Waste   heat   of  small   gas   engine.    Utiliz- 
ing, at  Sanitary  Water  Still  factory.  ^922 
Water.     See    also    "Heater."    "Heating," 
"Tank,"     "Refrigeration,"     "Pump," 

Water,  '"Acre-foot"  of 487 

Water,  Algae  in.    Liddell  27,  Hanson ....   309 
Water,  Clear,   Getting  from  muddy   river. 
Connor        *611,        Lewis,        Kjerlutf, 

Roundy  790,  Odell *932 

V.'ater  column   blowoff  piping.    Roberts.  .    101 

Water  columns.  Combo  combination '"ll 

Water   column   connections,     Terman.  ..  .*461 

Water  r,>n.len^-iiie:,  for  ice  plant +615 

Wal.r   .1..-     l,..,-atin.j      l:     H-  R +655 

I-     :..U.T..      III. ..Ml •496 


Wa 
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Watii.  i  .  nl,   iiicbraue  open   heater,  com- 
bined with  hot-water  meter *659 

Water,  Feed,  Effect  of  air  in.    Boone  764, 

Carpenter    931 

Water,      Feed,      filter      plant.      Tropical. 

Semple   •SIO 

Water,  Feed,   regulator,    Neco ^34 

Water.  Feed,    temperature.    A.   H.    F +243 

Water,  Feed,     temperatures    in     condens- 
ing  plants.     Hurst 763 

Water,  Feed,      treatment — Study      course 

580,    616.    •656,    694 
Water  flow  in  pipes.    Durand  ^20.  J.  P.  Z.JOoS 

Water — Flow  of  spring 1311 

Water  flow.   Suction  pipe t-'> 

Water  flume,  Wooden.    Johnson •iOo 

Water  t'ae.^      < 'nutiniinus     recording     re- 

I K...  n-.P,- •.'-)2 

WaPi     '.I-       I. ,11, -IT. .IIS    mistake 729 

Wai.      ,     J       I    ill!  .nil.. iiner  Monitor 348 

Wall  :    -  ,1         I.     M  ,111.1  reflector,  Gardner 

i:.      I.      ■    .1  I-:..'. I" 323 

Wall  1       lliili   ll.i.ln   -rant 898 

Wall  r,  II  mil  ,111.1   |.,^^,  alarms *619 

Wat.r,  11. jt.    r..r._.jil,    and    steam    heating 

systems,   Physical  action  of.    Evans.    232 
Water.  Hot.    heating   possibilities.     A'rga- 

brite   95 

Water.  Hot.   heating — Sizing  pipe ^570 

Water,  Hot,     Lifting.      F.     D.     S.     1409, 

Nickel    ;  . .  ^577 

Water.  Hot.     Vacua,    heating    applied    to 

Woolworth   BIdg,    Evans •644 

Water.  Hni.      \  ..-n..     h.-ating 925 

Water  in   , m  J933 

Water  in   .  njin.    i     im.iers,   Damage  by — • 
Bolliin  l,x  .  xp.  .  iirnnts  ^294,  Hawkins 

546,   Johnson 729 

Water  level  indicator.    Noble •gOO 

Water  level       indicator.       Long-distance, 

Palo  Alto,     Yoiiens 'SSS 

Water  level,   v..ltin..i.  r  indicates.  Vinson. ^547 
Water  mravm.  nn  nt        Wright's      "Preci- 
sion" ...inp.n^a  I  iin;  device  for.  . '389,  487 
Water — JleasuiiUK    si.riug   flow +209 
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Water  measuring  In   boiler  test.    McHol- 

lan,  Taylor  •140,  Ileck •406 

Water  meter  corrccllou.    J.  A.  r }933 

Water  meter.  V-notcli  recording,  develop- 

nient.    Ksherick *85 

Water — Nozzle  discharge  velocity t655 

Water  pipe    pressure    variation J549 

\Anter  juiwer  and   dry  weather 250 

Water  power    couservalion S29,  839 

Water  power  contract  policy.  Govt 40 

Water  i>ower  development,  Indian  River 
10,  Cedar  Kapids,  Montreal  17, 
Japan  52.  Calif.  83.  84,  Spain  107, 
Sierra  Natl.  Forest  249,  Bridge  River 
263.  Cauvery  l''alls.  India  515,  Tas- 
mania 500,  Windsor.  Can.  503,  Great 
Falls,  Mont.  •5(;9.  Greater  Winnipeg 
704,  Turners  Falls  722,  Oswego  River 
935,  Sault  Ste.  Marie  S07.  Potomac 
807.  Clear  Lake,  Ore.  905,  Big  Creek, 

Calif 944 

Water  power  earnings,   Wachusett 219 

Water-power — I-'ederal    decision 194 

Water  power,   Hale's  Bar '774 

Water   power    merger,    Calif 537 

Water  power  plant.  Keokuk  •184,  203. 
382,      Turbine      •114,      Switchboard 

signaling 330 

Water  power    rates.    National 678 

Water  power    systems.    Interconnected..   431 

Water  power — Tide    reservoir 194 

Water  power.   Victoria   Falls ^355 

Water  purllier   suit   decided 872 

Water  .saving  in  large  substation — Trans- 
former    circulating     water     cooling 

tower    •395 

Water  seal.   Air-bound.    Stewart •273 

Waler  service  connections  changed.     Wil- 

ley    . •137 

Water,  steam,  ice.  Names  for 141 

Water  sterilization   by   uitra-violet   rays. 

Recklinghausen    837 

Water.  What  becomes  of  the?    Thurston, 

Hawkins.  Farley  •208,  Pearce 344 
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Waterproofing  leather 906 

Waters.    Boiler.    Soda-ash    for.     Bromley 
412.    481.    Voder    012,    Greth    728, 

Hawkins   '795 

Waterwheel  and  engine.  Connecting  t276, 

Harlow    443 

Waterwheel   generators.  Westlnghouse.  .  . '508 

Weighers,  Ash  and  water •421 

Weights,    Measures   and   Money,    Foreign. 

Macfarlane   t737 

Welded  boiler  shells,  Autogenously 237 

Welded  boiler   test,   Springfield •678 

Welded  flywheel,    Autogenously •745 

Welded  joint   test  method  prize 944 

Welded  Joints 928 

Welded  successfully.  Cylinder,  llaight. .  764 
Welding.  Acetylene — Economizer  repair.. *139 
Welding  armatnre  shaft.  Klindworth. . .  264 
Welding.  Autogenous  boiler,  Kautny  on..    314 

Welding  locomotive    boiler    tubes '109 

Welding,  Oxj'acetylene   boiler.    Cave •940 

Welding  steam   boilers.    Jaeger •120 

Well.  Deep.  Plunger  removal  from.  Brook- 
man   ^442 

Wells,  Cleaning  driven.    Proctor *852 

West  Hartlepool  power  station 49 

Western  Water  Co.'s  pumping  plants.  .. '745 
Westlnghouse  generator  and  condensers, 
largest  of  kind  '114,  'US,  New- 
motors  •265.  Large  Interborough 
turbine  281.  •323.  Portable  meters 
•394.  Micarta  insulating  material 
409.     Waterwheel     ^'cnerators     •SBS, 

Airbrkke  Co.'s  pension  fund 906 

Westlnghouse  gets  Grashof  medal . .  215,  '872 

What  is  the  use  '^ 477 

Wheel.     See  also  "Flywheel." 

Wheel,    Fly,    bolts    stretch.      Allen    25, 

Hurst  242,   Terman 651 

Wheel,  Fly,  explosion  causes 97 

Wheel,   Fly,   explosion.   Lawrence 530 

Wheel,  Fly,  wreck.  Standard  Box  Co ...  .   250 


Whuel  insurance  ;  sal'i-t.v  factors 

Wheeler  C.  &  K.  turbo  air  pump 

Wheeler,  C.  H.,  Thyssen  vacuum  pumi 
White,  A.  H.  Gas  and  Fuel  Analysis. 
White.    F.    M.    and    E.    A.      Gasoline    en 

gine    tests • 

White,  J.  D.     Air  washer  vs.  centrifugal 
collector    on    dust-collecting    systems 

572,  Coal  to  heat  factories •85 

Wilder.     Operating  economics  in  heating 

large  factory  buildings *3<1 

Wilkins  gage-glass  cutter • 

Williams,   A.   D.      Chimney   damaged   by 
lightning    '86,    Cleveland    municipal 

elec.  plants '74 

Williams',   Arthur,   exceptions 440. 

Wilson,  .1.  R.     Diesel-electric  ship • 

Wilson,  T.  Madison  Ave.  Bldg.  plant. . . . 
Wimperis.     Primer  of   Internal   Combus- 
tion  Engine t 

Winnipeg.    Greater,    water    project 

Wire.  Line,  polarity.     Christophersen .... 

Wood  burning.     H.  F i 

Wood — Rubbish   fuel.     Ballou 

Woolley.      Shop   Sketching r 

Woolworth  Bldg.  heating.     Evans • 

Worcester  Consol.  plant  costs 

Worker.     Standardizing  boiler  and  stoker 

installations    500. 

Worthington    rotary   air   pump.      Treeby 

•122.   Foran.    Worthington 30 

"Wotan."   Motorship •60 

Wrench,   Allen   friction '  ' 

Wrench.  "Kwikgrip"  pipe *74 

Wright's  compensating  water  nozzle  *389.  48 
Wydawake  damper  regulator *46 


Year's  plant  output  chart.    Ravlin '2 

Youens.     A.     V.       Long-distance     water- 
level    indicator • 

Young  Men's  Christian  Asso 66 
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A   GOOD    SUGGESTION,   WELL    EXPLAINED,   ACCOMPLISHES    MORE  THAN    A 
MULTITUDE    OF  COMPLAINTS 
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Power  Plant  of  the  Madison  Avenue  Building 


By  Tiiuji-vs   WiLsox 


:<YyOPSIS — A  small  noncondensing ,  office-bitildimj 
plant-  carrying  u  lighting,  elevator  and  power  load  and 
using  c.vliaust  steam  in  a  vacuum  system  for  heating. 

In  the  uptown  bnsinoss  center  of  New  York  City,  a 
great  many  new  oflice  and  loft  buildings  are  being  erected. 
Jfotwithstaudiug  the  advantages  and  the  saving  that 
might  be  effected  with  a  private  plant,  most  of  these 
buildings  are  using  Edison  current.  An  exception  is  the 
Madison  Avenue  Building,  located  on  the  corner  of 
Twentv-iifth  St.  and  Madison  Ave.    The  structure  covers 


Fig.  1.  BoiLEH  Eooii 

an  area  of  15,000  sq.ft.,  is  20  stories  high,  has  a  floor 
area  of  300,000  .sq.ft.  and  is  to  be  used  as  a  combination 
office  and  loft  building. 

The  power  plant,  located  in  the  sub-basement,  35  ft. 
below  the  street  level,  supplies  the  lighting,  elevator  ser- 
vice and  heating.  A  good  layout  and  good  substantial 
equipment  are  the  features  of  the  plant. 

The  boiler  room  is  equipped  with  four  200-hp.  B.  &  \V. 
water-tube  boilers  arranged  two  in  a  battery.  The  ga.ses 
are  discharged  into  a  brick  flue  running  over  to  the  in- 
side corner  of  the  building  and  discharging  through  a 
steel  stack  325  ft.  high.  The  arrangement  of  the  piping 
is  shown  in  the  plan  view  of  the  boiler  and  engine  rooms. 
It  will  be  noticed  that  a  ring  header  is  provided  and 
equipped  with  valves  so  that  any  boiler  can  supply  any 
unit  in  the  engine  room.  A  6-in.  U-header  attached  to 
the  back  connections  of  the  boilers  supplies  the  pumps 
and  also  live  steam  to  the  feed-water  heater,  which  is  of 
the  "700  series"  Cochrane  type,  having  capacity  to  heat 
water  for  750  boiler  horsepower. 

P"eed  water  may  be  taken  directly  from  the  heater,  the 
air-separating  tank  of  the  heating  sy.stem,  or  directly 
from  the  city  mains.  Two  9  and  5  by  10-in.  Worthing- 
ton  duplex  end-packed  plunger  boiler-feed  pumps  of  tho 


])ot-valve  pattern  are  installed.  There  are  also  two  l-i  and 
7'/4  by  12-in.  duplex  fire  pumps  and  the  piping  is  so  ar- 
ranged that  any  one  of  the  four  pumps  can  supply  the 
boilers,  although  the  fire  pumps  can  supply  cold  water 
oidy.  Ordinarily  they  are  used  on  the  hou.se  service,  and 
keep  the  tanks  at  the  top  of  the  building  filled  with  water. 

A  Climax  damper  regulator  is  installed  and  is  con- 
nected to  a  balanced  damper  in  the  main  smoke  flue.  One 
]']llison  draft  gage  serves  the  four  boilers.  A  small  brass 
pipe  connects  each  flue  with  a  manifold  attached  to  the 
iidet  of  the  gage.  A  valve  in  each  pipe  makes  it  possible 
to  take  a  reading  on  each  boiler  separately,  and  the  four 
readings  in  rapid  succession. 

Xo.  8  buckwheat  coal  is  burned  in  the  boilers.  It  is 
stored  in  coal  pockets  at  the  end  of  the  boiler  room,  which 
receive  their  supply  from  the  street  and  have  a  capacity 
(if  450  tons.  From  the  pockets  the  coal  is  conveyed  to 
the  boilers  on  an  industrial  coal  car  and  hand  fired  di- 
rectly into  the  furnaces.  An  electric-driven  sidewalk  lift 
of  1700  lb.  capacity  removes  the  ashes. 

The  plan  view  and  the  photographs  show  the  layout  of 
the  engine  room,  which  is  equipped  with  four  direct- 
lonected  generating  units,  made  up  of  Mcintosh  & 
Seymour  engines  and  General  Electric  three-wire,  direct- 
current  generators.  There  are  two  ]2xl5-in.  piston-valve 
engines  driving  at  275  r.p.m.,  75-kw.  generators  and  two 
15x32-!n.  four-valve  engines  running  at  150  r.p.m.  and 
((innected  to  150-kw.  generators.  Both  engines  have  fl}'- 
«heel  governors  and  heavy  flywheels,  weighing  2200  and 
12,000  lb.,  respectively. 

When  the  building  is  fully  occupied  one  large  and  one 
small  unit  will  be  sufficient  to  handle  the  load.  The  other 
two  units  will  be  held  in  reserve  and  obviate  the  neces- 
sity of  Edison  breakdown  current.  It  will  be  noticed  that 
the  units  are  arranged  along  the  walls  to  give  plenty  of 
I'oom  in  the  center  and  to  permit  the  operator  to  face  the 
switchboard  when  throwing  in  a  machine.  The  switch- 
board is  equipped  with  the  usxial  line  of  instruments.     It 


Fig.  2.   Oxe  of  the  loO-Kw.  Units 

contains  seven  panels:  four  generator,  one  tie  panel  and 
two  feeder  panels,  the  lighting  panel  being  at  one  end  of 
the  board  and  the  power  panel  at  the  other.  There  are  two 
sets  of  busbars,  so  that  the  lighting  and  power  loads  may 
be  .separated  and  may  be  supplied  with  energy  from  any 
one  of  the  four  units.  When  one  unit  is  supplying  the  en- 
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The  Two  75-Ivw.   Units 


tire  load  the  busbars  are  thrown  together  by  means  of  the  exhaust  steam  piping;-  are  siiowu  in  the  accompanying 
tie  panel  At  the  time  oi!  the  writer's  visit  only  one  ma-  pkrn.  From  the  last  unit  to  tlie  lieater,  the  exhaust  pipe 
chine  was  running  and  there  appeared  to  be  no  difHculty  is  l-t  in.  in  diameter,  and  its  continuation  to  the  riser 
in  operating  the  lights  and  elevators  from  the  same  supplying  the  heating  system  or  to  the  atmospheric  ex- 
supply,  haust  is  13  in.  in  diameter.  The  Dunham  vacuum  system 
Exhaust  steam  is  used  for  the  heating  with  provision  heats  the  building.  There  are  47,000  sq.ft.  of  radiating 
for  live  steam  when  necessary.     The  connections  of  the  surface  and  a  typical  radiator  connection  is  shown  in  Fig. 


2  Steam,  feed.  \,aporancl  heafing  returns       FeedWater'Heaier  Wasie 

Feed  Pump  Suction  En  he  ust  Line  (Pump) 

, —  Blowoff  Line 

Fig.  4.    General  Plan,  Showing  Layout  of  Piping 
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(i.  Oil  the  rctiii'ii  ciid  of  the  ladiiitors  l^^-in.  Diuiliam 
valves  liavf  licfii  jji-ovidoil.  From  here  the  return  line 
is  %  in.  in  diameter  and  the  main  return  is  41/2  '»•  This 
is  eonneeled  t]irou;;h  a  ^'ate  valve  and  suction  strainer  to 
the  suction  inlets  of  the  two  vacuum  pumps,  which  are  8 

Pump  Controller 
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Fire  Pumps  Vacuum 
Pumps 


Feetl  Pumps 
DIAGRAM  OF  LIVE.  STEAM  PUMP  CONNECTIONS 


Feed  Pumps 


Vacuum  Pumps 
Fire  Pumos     j.  ';!_ 
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Jo  Main  Ixhausf  Line 


DIAGRAM  OF  PUMP   EXHAUST  CONNECTIONS 

Sucijon  lank 


Feed  Pumps 
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7! Ci  iy  Wafer' 

Feed  Water  Heafer 
Fire  Pumps    Vacuum  Pumpi 


DIAGRAM    OF   PUMP  SUCTION 

A  ir  Separafinq  Tani^  \(^ 


Sprinkler  Service 


DIAGRAM     OF   PUMP  DISCHARGE 

Fii:.  '1.  Sti:.\m  AM)  AVatei!  Conxectioxs  of  Pumps 

and  VI  liy  1'2-iii.  A  xacuum  of  about  lit  in.  is  carried  at 
the  ))umps.  The  discharge  of  each  pump  is  carried  through 
gate  and  check  valves  and  connected  into  a  common  line 
wiiich  in  turn  discharges  into  the  air-separating  tank. 
The  steam  lines  to  the  pumps  are  connected  through  vac- 
uum governors  provided  with  bypasses. 

A  total  of  13  elevators,  seven  passenger  and  six  freight, 
serve  the  building.  Five  of  the  passenger  elevators  are 
ojieraled  bv  3o-hp.  motors  at  a  speed  of  TOO  ft.  per  min. 
The  other  two,  which  run  from  the  basement  to  the  fifth 
floor,  are  served  by  25-hp.  motors  at  a  speed  of  500  ft. 
(ler  min.  The  freight  elevators  operate  at  a  speed  of  400 
ft.  per  min.  and  are  all  served  by  3.5-hp.  motors.  The 
entire  elevator  ef|uii)ment  was  supplied  by  the  A.  B.  See 
t'o. 

The  results  obtained  in  the  acceptance  test,  made  liy 
Chirk,  ilacMuUen  &  Riley,  who  were  the  engineers  for 
the  building,  may  be  of  interest.     The  determination  of 
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the  water  rate  was  limited  to  one  engine  of  each  type, 
as  the  units  were  exact  duplicates. 

As  the  ]>lant  is  arranged  so  that  any  two  units  may  be 
run  independently  of  each  other,  the  house  load  during 
the  test  was  t-arried  by  one  engine  operated  from  one  of 


the  boilers,  while  the  engine  under  test  was  operated  from 
another  boiler,  with  a  separate  feed  pump.  This  permitted 
the  exact  amount  of  water  used  by  this  boiler  to  be 
measured  by  the  usual  two-liarrel  method.  The  load  con- 
sisted of  resistance  coils  under  running  water  and  was 
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maintained  nearly  constant  throughout  both  tests.  A 
rate  of  22.5  lb.  of  dry  steam  per  indicated  horsepower- 
hour  was  obtained  on  the  larger  engine  while  the  smaller 
engine  required  33.6  lb.  of  steam. 

Standard    Smokeless    Furnace 

An  arrangement  of  boiler  furnace  and  auxiliary  heat- 
ing device  put  out  by  the  Standard  Fuel  Reduction  Co., 
55  Liberty  St.,  Xew  York  City,  is  illustrated  herewith. 
The  maker  states  that  this  furnace  when  installed,  will 
not  only  eliminate  smoke  within  the  law,  but  v."ill  in- 
crease the  efficiency  of  the  boiler. 

As  shown  in  the  sketches  A  and  B,  Fig.  1,  one  tube  of 
the  return-tubular  boiler  is  removed  and  a  pipe  connec- 
tion made  with  the  boiler  head.  This  pipe  is  connected 
to  the  end  of  a  larger  pipe,  which  extends  across  the  fur- 
nace at  a  height  about  level  with  the  bridgewall.  The 
opposite  end  of  the  cross  pipe  is  connected  to  the  rear 
boiler-head  tube  opening.  An  extension  of  the  horizontal 
pipe  passes  out  through  the  rear  boiler  brick  wall. 

Just  above  the  cross-circulating  pipe  is  a  second,  but 
smallerjiipe,  in  which  a  series  of  nozzles  are  arranged 
opening  toward  the  rear  of  the  boiler.  This  nozzle  pipe 
is  protected  from  direct  contact  with  the  furnace  flames. 
One  end  of  the  pipe  is  plugged  and  the  other  is  attached, 
to  a  vacuum  globe,  as  shown  in  sketch  A.  This  globe 
holds  a  vertical  air  pipe.  At  the  bottom  of  the  vacuum 
globe  a  connection  is  made  with  a  steam  pipe  connecting 
with  the  steam  space  of  the  boiler.  The  inner  connec- 
tion ends  with  a  steam  nozzle  so  placed  that  the  outlet 
is  central  with  the  center  of  the  horizontal  nozzle  pipe 
and  discharging  into  it  longitudinally,  as  shown  at  C. 

When  steam  is  turned  into  the  steam  nozzle  a  partial 
vacuum,  is  created  in  the  vacuum  sjlobe  and  air  is  drawn 
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in  through  the  vertical  pipe,  which  extends  above  the 
top  of  the  boiler  setting.  This  mixture  of  steam  and 
air  escapes  through  the  several  nozzles  and  mingling  with 
the  escaping  gases  in  the  combustion  chamber,  produces 
smokeless  combustion. 

The  volume  of  air  entering  the  vacuum  globe  is  con- 


A  Large  Air  Compressor 

Zeitschiift  des  Vereines  deutscker  Ingenieune  for  Apr. 
19,  of  the  current  year,  says  that  in  common  with  all 
engines  used  in  the  mining  and  blast-furnace  industries 
the  present-day  makes  increased  demand  on  the  air  com- 
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FiG.  1.  Steam  axd  Air  Jets  Applied  to  a  Eeturn-Tubulae  Boiler 
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trolled  by  the  amount  and  pressure  of  steam  escaping 
through  the  steam  nozzle. 

As  a  further  aid  to  combustion  the  chamber  at  the  rear 
of  the  bridgewall  is  filled  in  and  lined  with  brick.  The 
curvature  of  the  bridgewall  forces  the  gases  from  the 
furnace  to  pass  between  the  horizontal  water  pipe  and 
the  bridgewall,  so  that  the  mixture  of  steam  and  air 
is  enabled  to  mingle  with  the  gases  in  the  combustion 
chamber. 

In  Fig.  3  is  shown  the  arrangement  of  steam  and  air 
jets  when  applied  to  a  water-tube  boiler.  The  baflfle  wall 
above  the  bottom  row  of  bricks  extends  from  the  front  and 


Fig.  3.  Air  Nozzles  Applied  to  Furnace  of  Water- 
Tube  Boiler 

rear  ends  of  the  furnace  with  an  opening  in  the  center 
through  which  the  flames  pass  to  the  first  pass  of  the 
lioiler  in  the  direction  of  the  arrows. 

This  furnace  is  put  in  under  a  boiler  on  30  days'  free 
trial  basis  by  the  manufacturers  in  order  to  prove  their 
guarantee. 


pressor,  and  illustrates  and  reviews  the  more  salient  fea- 
ture of  an  unusually  large  example  of  such  latter  equip- 
ment. 

Up  to  about  10  years  ago  compressors  with  an  hourly 
output  of  350,000  to  100,000  cu.ft.  were  of  the  largest  in 
use.  Today  almost  double  that  duty  ha.s  been  reached 
without  a  material  increase  of  fioor  space.  Several  of 
these  large  machines  have  been  furnished  by  End.  Meyer, 
of  Mulheim  on  the  Ruhr,  for  the  Rand  mines  in  the 
Transvaal  country.    They  have  the  following  dimensions: 

Diameter  of  steam  cylinders 31x62  in 

Diameter  of  air  cylinders.  .  54x33  in 

Common  stroke 50  in 

Speed 65  to  72  r. p. m 

Free  air  intake  per  hr. .  ,  565,000  to  644,500  cu.ft 

Total  weight 176  tons 

Diameter  of  flywheel 21 . 8  ft. 

Face  of  flywheel 26  in. 

Total  floor  space 1560  sq.ft 

Normal  duty 1700  to  1750  hp. 

Wi.lths  of  air-cylinder  pistons.  52 . 75  and  44  in. 

Diameters  of  air  nozzles 

High-pressure  side 17  in. 

Low-pressure  side 28  in. 

The  steam  cylinders  have  the  Doerfel  positive  valve- 
gear  ;  the  air  cylinders  Meyer  disk  valves  for  high  rotative 
speeds.  The  steam  end  is  run  condensing  and  its  cylin- 
ders are  jacketed  with  live  steam.  The  machine  is  un- 
provided with  tail  rods  and  guides,  notwithstanding  the 
long  stroke  rendered  unnecessary  by  the  construction 
of  the  air  ptstons. 

The  acceptance  test  showed  the  following  results :  'Me- 
chanical efficiency,  89.25  per  cent. ;  .volumetric  efficiency, 
98.7  per  cent.;  steam  consumption,  11.28  lb.  per  i.hp.-hr. 
at  a  pressure  of  172  lb.,  a  temperature  of  -1:82  deg.  F. 
and  a  vacuum  of  25  in. ;  air  temperature  at  a  pressure 
of  89.5  lb.  behind  the  low-pressure  cylinder,  203  deg.  F. ; 
behind  the  high-pressure  cylinder,  196  deg. ;.  showing  an 
advantageous  working  of  the  intercooler  in  as  much  as 
temperatures  of  212  to  230  deg.  are  generally  counted 
on. 

Electrically  operated  reciprocating  compressors  have 
thus  far  not  attained  such  service ;  the  largest  of  these  de- 
livering from  318,000  to  something  over  400,000  cu.ft. 
per  hr.  at  speeds  of  104  to  125  r.p.m. 
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Mixed-Pressure   Steam  Turbine^ 
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VXOI'SIS — The  curdiiial  advanlages  of  the  mixecl- 
■etssure  steam  turbitmarc  pretieiited,  shouniig  how  the  ex- 
\ust  steam  from  a  reeiprocaliiig  engine  is  utilized,  and 
)«■  lire  steam  can  he  used  to  operate  the  unit  when  no 
haust  steam  is  available. 

Assuming  a  plant  in  which  20(10  boiler  horsepower  is 
nerateil,  there  must  he  G0,000  lb.  of  steam,  whieii,  alter 
ing  used  in  an  engine,  escapes  as  exhaust  steam. .  If 
is  exhaust  steam  were  utilized  in  an  exhaust-steam  tur- 
ne  where  every  60  llj.  of  exhaust  steam  would  produce 
kilowatt,  1000  kw.  would  be  generated,  which  cost.? 
itliing. 
Exhaust  steam,  however,  is  not  always  witliout  value 

a  manufacturer,  and  in  many  cases  is  utilized  in  pro- 
sses  of  manufacture  wherein  a  certain  fixed  temperature 
IS  to  be  maintained. 

In  almost  every  plant,  exhaust  steam  from  various 
urces  is  utilized  in  a  feed-water  heater,  a  point  which 
ould  be  carefully  considered  before  assuming  that  all 
haust  steam  is  pure  gain.  For  instance,  in  the  as- 
imed  2000-hp.  plant,  G0,000  lb.  of  water  is  converted 
to  steam  every  hour.  Therefore,  60,000  lb.  of  feed 
iter  at  a  temperature  of,  say,  70  deg.,  should  be  raised 

a  temperature  of,  about  300  deg. ;  with  a  heater  of 
uglily  70  per  cent,  efficiency,  approximately  11,400  lb. 

steam  would  be  required,  leaving  -18,600  lb.  of  steam 
r  other  work. 

Assuming  that  the  steam  has  been  used  in  various  small 
;am  engines,  pumps,  etc.,  and  that  30  per  cent,  has 
en  condensed,  there  would  remain  but  about  34,000  lb. 

steam  available  for  the  turbine,  etc.,  of  which  20,000 
.  may  be  utilized  in  processes  of  manufacture  and  which 
consequently  not  available  for  power  generation.  The 
niainiug  14,000  lb.  of  steam,  if  utilized  in  an  exhaust- 
jam  turbine,  would  be  sufficient  to  generate  335  kw., 
lich  might  be  considered  as  clear  gain,  exclusive  of  in- 
rest  and  depreciation  on  the  investment,  oil  and  niain- 
iiance.  These  items  should  not  represent  more  than 
'  per  cent,  on  $11,000  or  $1320,  plus,  say,  $600  for  oil 
id  maintenance,  which  would  bo  $1920,  say,  $2000  per 
ar.  Assuming  a  plant  to  run  but  10  hr.  per  working 
ly  at  full  load,  that  means  3000  hr.  a  year,  and  as  33.5 
r.  is  generating  from  exhaust  steam  there  would  be 
nerated  l,00o,00U  kw.-hr.  per  year,  at  a  totsil  cost,  in- 
iiding  interest,  depreciation  and  maintenance,  etc.,  of 
000  or  less  than  two-tenths  of  a  cent  per  kilowatt-hour. 
This  example  in  generalities,  is  a  typical  condition, 
id  iudicates  what  is  to  be  looked  for  in  an  exhaust- 
jam  turbine  proposition. 

[Dealing  with  the  theory  of  the  exhaust-steam  turbine, 
e  speaker  pointed  out  that  heat,  which  in  steam  is  the 
al  source  of  power,  can  be  converted  into  mechanical 
)rk  only  by 'the  expansion  of  the  steam;  that  theoretical- 
the  moisture  in  the  exhaust  from  an  engine  expanding 
3m  150  lb.  gage  to  atmospheric  pressure  is  about  15 
r  cent.,  but  on  account  of  reevaporation,  which  takes 
ace  in  the  engine  cyhnders  during  the  expansion  part 


of  the  stroke,  this  will,  in  practice,  be  found  to  be  nearer 
10  per  cent.,  and  approximately  as  much  heat  is  avail- 
able for  doing  work  from  atmosi)here  to  28  in.  of  vacuum 
as  when  expanding  from  150  lb.  gage  to  atmospheric  pres- 
sure.— Editor.] 

EcoxojtY  OF  Low-Presscre  Turbines 

An  exliaust-steam  turbine,  designed  to  properly  expand 
the  steam,  will  turn  more  of  the  heat  into  work  when 
working  on  this  low-pressure  range  than  a  high-pressure 
turbine  or  an  engine  when  working  on  high  pressure  range, 
expanding  from  150  lb.  gage  to  atmospheric  pressure,  be- 
cause the  frietional  or  windage  loss  of  the  exhaust  turbine 
is  verv  .small  since  the  rotors  run  in  a  vacuum. 

Tests  have  shown  there  is  a  reduction  of  8  per  cent, 
in  the  steam  consumption  of  a  turbine  when  it  is  exhaust- 
ing into  a  28-in.  vacuum  over  the  steam  consumption  with 
a  26-in.  vacuum.  In  other  words,  for  a  given  amount  of 
exhaust  steam,  8  per  cent,  more  available  work  can  be 
secured  by  carrying  a  28-in.  vacuum  than  can  be  secured 
by  carrying  a  26-in.  vacuum. 

In  the  long  run  a  28-in.  vacuum  is  advisable,  but  in 
order  to  maintain  it  nearly  twice  as  much  water  must 
be  circulated  through  the  condenser  as  would  be  required 
to  maintain  a  26-in.  vacuinn,  and  at  the  expense  of  a  cer- 
tain amount  of  power  to  drive  the  circulating  pump;  it 
means  an  increase  in  the  cost  in  the  condensing  apparatus 
of  approximately  40  per  cent.  It  may  be  that  these  items, 
when  figured  in  dollars  and  cents  and  when  depreciation 
is  taken  into  account,  would  not  show  an  economy  com- 
mensurate with  the  investment,  in  which  case  it  is  well 
to  keep  the  first  cost  low  by  using  a  condenser  capable  of 
maintaining  a  26-in.  vacuum. 

In  general,  the  steam  economy  of  a  simple  engine  and 
an  exhaust-steam  turbine  operating  together,  is  always  an 
improvement  over  that  which  would  be  obtained  by  com- 
pounding the  simple  engine.  The  plant  capacity  is  in- 
creased from  50  to  100  per  cent,  by  exhausting  through  an 
exhaust  turbine  to  a  condenser  on  a  uoncondensing  en- 
gine; the  increased  capacity  obtained  by  adding  the  tur- 
bine to  a  condensing  outfit,  is  from  one  and  one-half  to 
three  times  that  which  could  be  secured  from  the  con- 
denser alone. 

Like  the  high-pressure  turbine,  the  low-pressure  turbine 
operates  at  nearlj'  uniform  efficiency  over  a  wide  load 
variation  while  the  economy  of  a  reciprocating  engine  is 
not  good  when  the  latter  is  under-  or  overloaded.  There- 
fore, the  combination  of  the  engine  and  the  low-pres- 
sure turbine  will  give  more  uniform  economy  at  all  loads 
than  will  the  engine  alone. 

Wlien  more  power  is  required  the  plant  owner  has 
three  alternatives  in  securing  it.  First,  he  may  install 
a  larger  or  additional  engine,  which  is  an  expensive  propo- 
sition, requiring  additional  boiler  capacity,  perhaps  in- 
volving expense  for  enlarging  the  buildings,  and  increas- 
ing labor  and  upkeep  costs  materially. 

Second,  more  power  may  be  secured  by  running  the 
old  engine  condensing,  but  no  engine  either  simple  or 
compound,  even  when  operating  at  the  best  economical 
point  of  cutoff  and  otherwise  under  the  best  conditions 
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can  deliver  over  20  to  25  per  cent,  more  power  than  when 
running  noncoudensing. 

The  third  method  i.s  that  of  clianging  the  engine  to 
rim  condensing,  and  utilize  the  additional  range  of 
pressure  drop  to  drive  an  exhaust-steam  turbine,  making 
is  possible  not  only  to  almost  double  the  amount  of  power 
previously  secured  from  the  engine,  but  doing  it  without 
increasing  the  duty  on  the  engine  and  without  using  any 
more  steam  than  before. 

The  initial  cost  of  the  turbine  and  condenser  per  horse- 
power is  less  than  for  additional  boiler  and  engine  capac- 
ity. The  turbine  and  condenser  fit  into  a  very  small  space, 
and  as  the  combination  takes  the  same  quantity  of  steam 
as  would  the  engine  alone  and  under  the  same  conditions 
as  before,  there  is  not  an  additional  penny  of  expenditure 
necessary  for  boilers,  chimneys,  draft,  coal-handling  ap- 
paratus, building  and  steam  piping.  The  turbine  and 
condenser,  or  turbine  alone  in  a  condensing  plant,  can  be 
cut  into  the  exhaust  line  without  interfering  in  any  way 
with  the  engine  and  usually  without  altering  the  layout 
of  the  plant. 

The  installation  of  the  turbine  hardly  affects  plant-op- 
erating costs,  as  the  turbine  seldom  requires  other  atten- 
tion than  occasional  lubrication  and  repacking  of  stuff- 
ing-boxes. The  oiler  who  has  previously  been  taking 
care  of  the  engine  can  look  after  the  turbine  without  any 
serious  drain  on  his  time. 

An  engine  that  has  previously  been  running  noncon- 
densing  continues  to  exhaust  at  about  the  same  pressure 
and  carries  the  same  load  after  the  turbine  is  cut  into  the 
exhaust  line.  A  condensing  engine  can  be  adjusted  to 
exhaust  at  atmospheric  pressure  or  thereabout  and  will 
be  relieved  of  that  part  of  the  load  assumed  between  at- 
mospheric pressure  and  the  vacuimi  while  the  turbine  is 
Ijeing  operated.  The  water  of  condensation  will  be  dis- 
charged from  the  condenser  at  a  temperature  within  two 
or  three  degrees  of  the  theoretical  and  can  be  utilized  in 
the  usual  ways. 

Other   Adv.vntages 

An  exhaust-steam  turbine  develops  power  largely  from 
energy  whicli,  with  a  reciprocating  uoncondensing  engine, 
must  be  wasted  or  at  best  used  in  heating  systems  or  for 
preheating  feed  water.  The  amotmt  of  mechanical  work 
obtainable  from  a  reciprocating  engine  is  limited  by  the 
number  of  expansions  possible  in  its  cylinder.  Even  when 
using  steam  at  the  earliest  point  of  cutoff  only  about  20 
expansions  are  possible  in  a  single-cylinder  engine,  while 
compounding  will  not  permit  of  more  than  30  expansions, 
and  even  under  the  most  favorable  conditions  when  run- 
ning condensing,  the  engine  does  not  exhaust  to  the  con- 
denser at  less  than  5  lb.  absolute  pressure  or  30  in.  of 
vacuum. 

The  turbine,  on  the  other  hand,  is  capable  of  utilizing 
very  nearly  the  complete  range  of  expansion  and  thus  de- 
velops the  extra  power.  The  turbine,  being  specially 
adapted  to  handle  the  larger  volume  of  sieara  after  partial 
expansion  in  the  engine  cylinder  and  permitting  the  fur- 
ther expansion  through  the  lower  pressures,  easily  and 
without  exceeding  moderate  dimensions  permits  the  fur- 
ther constant  change  of  heat  into  work  until  the  vacuum 
of  the  condenser  is  reached.  The  mechanical  loss  in  the 
turbine  is  largely  due  to  windage.  The  mechanical  fric- 
tion in   the  turbine  is  practically  nothing  compared   to 


that  within  the  reciprocating  engine,  and  as  the  exhaust 
port  is  larger  than  the  sieam  passages,  the  full  value  of 
the  condenser  pressitre  is  available.  The  maximum 
amount  of  work  from  the  steam  is  obtainable  only  where 
the  engine  is  augmented  by  the  turbine. 

Exhaust-steam  turbines  will  convert  about  50  per  cent, 
of  the  available  heat  below  atmospheric  pressure  into 
work,  so  the  addition  of  the  turbine  to  the  engine,  and 
the  relieving  of  the  latter  of  the  work  done  below  at- 
mospheric pressure,  can  safely  be  said  to  offer  a  power  in- 
crease of  not  less  than  twice  that  which  would  be  secured 
by  merely  changing  a  uoncondensing  engine  to  run  con- 
densing. 

Opekating  Details 

In  most  cases  the  ordinary  exhaust-steam  turbine  is  on 
an  electrical  load,  the  liuctuations  of  which  are  entirely 
remote  and  in  no  ways  simultaneous  or  similar  to  those 
which  occur  to  the  mechanical  load  from  which  the  tur- 
bine derives  its  supply  of  exhaust  steam. 

One  way  to  handle  this  condition  is  to  connect  in  the 
electrical  load  of  the  turliine,  a  synchronous  motor,  belted 
to  a  line  shaft,  which  is  part  of  the  mechanical  load.  In 
the  event  of  the  nornutl  electrical  load  being  light,  and 
the  mechanical  load  heavy,  the  motor  acts  as  a  motor, 
transferring  power  from  the  turbine  to  the  line  shaft, 
reducing  the  steam  in  the  mechanical  system  and  conse- 
quently the  supply  of  exhaust  to  the  turbine,  thus  aft'ect- 
ing  the  balance. 

In  case  the  electrical  load  is  heavy  and  the  supply  oi 
exhaust  steam  inadequate,  then  the  motor  acts  as  a  gen- 
erator parallelled  on  the  electrical  system,  thus  increa& 
ing  the  demand  on  the  mechanical  system  and  reducin/i 
the  demand  on  the  turbine  in  the  electrical  system. 

Another  method  which  is  useful  in  cases  of  momentary 
interruptions  of  adequate  steam  supply  is  the  regeneratoi 
in  which  the  heat  from  excess  steam  is  stored  to  be  reim- 
f)arted  when  the  supply  diminishes.  This  scheme  calh 
for  a  cumbersome  and  expensive  equipment  and  applies 
only  in  very  few  instances. 

In  the  mixed-pressure  turbine,  any  deficit  of  exhausi 
steam  is  made  up  from  a  high-pressure  line  from  which  th( 
high  steam-pressure  supply  is  automatically  cut  off  when 
the  supply  of  exhaust  steam  again  becomes  adequate.  In 
the  case  of  wide  fluctuations  both  in  the  load  on  the  tur- 
bine and  on  the  mechanical  system  there  will  be  timet 
when  exhaust  steam  escapes  to  the  atmosphere,  through 
the  relief  valve,  while  at  other  times  there  may  be  re- 
quired a  considerable  amount  of  live  steam  to  make  uf 
the  deficit. 

To  offset  these  drawbacks,  are  the  following  considern 
tions  in  favor  of  the  mixed-pressure  arrangement.  lU. 
low  cost  over  straight  low  pressure;  its  simplicity,  and 
consequently  its  dependability;  the  fact  that  in  nearl) 
every  case  mixed-pressure  turbines  may  be  so  designed 
as  to  strike  a  happy  medium  between  the  minimum  and 
maximum  conditions;  its  extreme  flexibility  to  all  pos- 
sible load  conditions  between  one-quarter  load  and  5C 
per  cent,  overload.  Perhaps  most  important  of  all,  tc 
the  small  isolated  plant,  is  the  fact  that  a  mixed-pressure 
turbine  may  be  utilized  to  develop  its  full-rated  capaeitj 
on  high-pressure  steam  in  the  case  of  a  serious  interrup- 
tion of,  or  breakdown  in,  the  machine  furnishing  the 
supply  of  exhaust  steam. 
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Air  in  Surface  Condensation* 


•^iYKOPtilS — Some  remllg  of  tests  of  coiideiixiiig  ap- 
laratus  to  determine  the  amount  of  air  leakage  in  stand- 
ird  condensers  and  the  effect  of  such  leal-age  on  the  irork- 
iig  of  the  apparatus.  Curves  are  reproduced  to  show  the 
'(itling  off  in  racuum.  due  to  air  teal-age,  and  the  effect 
tf  toad  on  such  lml>-agc. 

In  view  of  till'  lack  of  knowledge  of  this  subject,  the 
uithor  deterniiiied  to  investigate: 
a     The  amounts  of  air  contained    in   feed   water  and 


Pig.  1.    Gasometer  foh  Measukixg  Air  Leakage  ixto 
condknsei! 

;hose  entering  the  condenser  through  the  prime  mover. 

b  The  amounts  of  aii-  removed  from  the  condenser  by 
iieans  of  the  air  })unii>. 

c  The  effect  of  known  quantities  of  air  on  the  action 
)f  a  surface  condenser  of  commercial  size. 

The  author's  investigations  were  made  at  the  Waterside 
So.  2  station  of  the  New  York  Edison  Co.,  and  the  water 
samples  were  taken  both  from  the  suction  and  discharge 
iides  of  the  feed  pump.  The  average  temperature  of  the 
:'eed  water  during  the  tests,  after  having  passed  the  heater, 
.vas  about  190  deg.  F.  It  was  thought  possible  that  there 
night  be  air  bubbles  mechanically  entrained  in  the  water, 
)esides  the  aJnount  of  air  in  solution.  To  determine  the 
unount  of  this  entrained  air,  sanqjles  of  the  water  were 
illowed  to  flow  tiirongh  a  measuring  apparatus.  The 
.vater  entered  through  a  tube  and  passed  to  the  tojj  of  a 
measuring  cylinder  where  the  air  separated  and  was  col- 
ected  at  the  top  of  the  cylinder;  the  water  flowed  out  of 
:he  cylinder  through  a  tube  into  a  glass  demijohn  where 
t  was  measured.  These  tests  were  started  with  the  a]i- 
laratus  entirely  filled  with  water.  The  air  collected  was 
iieasured  at  atmospheric  ])ress>ire  by  means  of  a  pressure- 
regulating  cylinder.  The  temperature  of  the  air  was  de- 
:ermined  by  a  theromometer  in  the  measuring  cylinder. 

Test  results  showed  that  Croton  water  gives  off  most  of 
ts  dissolved  air  in  passing  through  the  open  heaters,  the 
imount  of  air  occluded  in  the  feed  water  (0.931  per  cent.) 
)eing  comparatively  small.  At  81  deg.  F.  and  2  in.  of 
nercnry  absolute  ])ressure  when  saturated  with  water 
rapor,  this  amount  of  air  would  occupy  between  20  and 
30  per  cent,  of  the  volume  of  the  condensed  steam.    The 

'Excerpts  from  a  paper  by  Geo.  A.  Orrok  and  from  dis- 
;ussions  of  the  paper,  .Tournal  of  the  American  Societv  of 
klechanical   Engineers,    November,    1312,    and    February,    1913. 


fact  ^^■as  established  that  very  little  air  came  into  the  con- 
denser from  the  feed  water. 

Having  obtained  the  portions  of  air  which  enter  the 
prime  mover  along  with  the  .steam,  the  next  object  of 
investigation  was  to  determine  the  amount  of  air  ab- 
stracted from  the  condenser  by  the  air  pump.  Here,  again, 
there  were  no  precedents ;  but  it  was  determined  to  catch 
the  air  o\er  water  in  a  gasometer.  For  this  purpose  thi' 
discharge  pipe  of  the  air  pump  was  piped  to  a  gasometer 
bell  located  in  the  basement  in  the  vicinity  of  the  air 
pump.    The  arrangement  of  this  outfit  is  shown  in  Fig,  1. 

iVfter  the  air  pump  had  been  running  long  enough  to 
make  sure  that  the  conditions  were  constant,  the  valve  was 
opened  and  the  discharge  from  the  air  pump  allowed  to 
enter  the  bell,  permitting  it  to  rise.  The  time  required  to 
fill  the  bell  was  noted  with  a  stop  watch  and  from  these 
data  the  amount  of  air  delivered  was  calculated.  The  air 
in  the  bell  was  brought  to  atmospheric  pressure  and  tem- 
perature before  the  final  readings  were  taken. 

Other  tests  were  made  with  the  ])ump  shut  off  from 
the  condenser  to  determine  the  air  leakage  in  the  pump 
itself  and  also  w'ith  the  suction  piping  blanked  off  at 
the  condenser  to  determine  the  pipe  leakage. 

In  the  experimental  apparatus  used  to  obtain  the  data 
for  the  paper  on  "The  Transmission  of  Heat  in  Surface 
Condensation,"'  it  was  impossible  to  detect  any  difference 
of  temperature  due  to  the  segregation  of  air  in  the  vari- 
ous parts  of  the  single-tube  condenser.  On  the  large  con- 
densers on  which  these  air  tests  were  made,  such  a  dif- 
ference of  pressure  and  temperature  does  exist,  the  dif- 

0.75  r 


Load    Kilown-H-s 

Fig.  2.  Curves  Showixg  E elation  between  Load  and 
Drop   in  Vacuum   through   Condenser 

ferenee  of  jn-essurc  l)eing  quite  strongly  marked.  The 
curves  for  a  numlter  of  the.se  condensers,  showing  the  in- 
crea.se  in  drop  with  the  increa.se  in  amount  of  steam  con- 
sumption, are  illustrated  in  Fig,  2. 

A  number  of  experiments  were  nnule  to  find   if  this 
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drup  was  continuou.s  thruugh  the  tube  surface  or  whether 
there  were  restrictions  coiicentratiug  the  drop  in  one  or 
more  places,  and  a  number  of  experiments  were  made  to 
reduce  the  amount  of  drop  by  taking  out  tubes,  thus  open- 
ing channels  into  the  body  of  the  tube  surface.  The  re- 
sults here  were  apparently  negative. 

To  ascertain  the  effect  of  known  quantities  of  air  on 
the  vacuum,  suitable  orifices  of  various  sizes  were  made 
at  the  top  of  the  condenser  so  that  the  introduced  air 
might  mix  with  the  incoming  steam.  The  orifices  were 
of  the  ordinary  circular  form  through  thin  plates  and 
the  amounts  of  air  entering  the  condenser  were  checked 
U])  by  the  air  delivered  into  the  air  bell  from  the  air 
pump.     These  results  are  shown  in  Fig.  3. 

The  tests  in  each  case  were  made  at  constant  luad, 
which  was  consideralily  l)clow  the  capacity  of  the  ciui- 
denser. 

Four  sets  of  tests  were  run  to  determine  the  effect  of 
load  on  air  leakage,  two  on  machines  whicli  were  in  bad 
condition  and  two  on  comparatively  tight  machines.  The 
results  are  shown  in  Fig.  -1.  It  should  be  noted  that  in 
every  I'ase  the  air  leakage  is  less  at  the  higher  loads. 
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witii  warm  water  under  a  slight  head.  That  iJoriion  of 
the  leakage  occurring  in  the  dry-air  pump  and  piping 
may  be  detected  by  the  shutoH  test  on  the  pump.  The 
volume  of  this  leakage  is  larger  than  is  generally  sup- 
posed and  is  much  larger  when  the  pump  is  warm. 

The  drop  in  vacuum  through  condensers  of  standard 
design  is  larger  than  it  should  be  and  a  design  which  more 
freely  admits  the  steam  to  the  tube  surface  should  give 
better  results.  The  opening  of  the  channels  into  the  sur- 
face will  not  always  improve  conditions.  The  results  in- 
dicate that  wide,  shallow  condensers  should  give  better 
results;  although,  in  at  least  two  instances,  deep,  narrow 
condensers  gave  good  results. 

The  falling  off  of  vacuum  with  increased  air  leakage  is 
considerable  and  the  work  necessary  to  maintain  tight 
condensers  more  than  pays  for  itself. 

During  these  experiments,  in  which  four  dilferent  kinds 
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Where  open  heaters  are  used,  very  little  air  is  carried 
to  the  j)rime  mover  with  the  steam.  The  volume  of  this 
air  at  atmospheric  pressure  and  temperature  will  prob- 
ably not  exceed  1  per  cent,  of  the  volume  of  the  feed 
^\'ater.  As  the  whole  system  is  under  pressure  from  the 
pump  nearly  to  the  final  stage  of  the  turbine,  no  air 
leakage  can  take  place  up  to  that  point. 

The  air  discharged  by  the  dry-air  pump  at  atmospheric 
pressure  and  temperature  from  imits  between  5000  and 
20.000  kw.  in  size  varies  from  1  cu.ft.  per  min.,  when  the 
units  are  in  the  best  condition,  to  15  or  20  cu.ft.,  wher« 
ordinary  leakage  is  present,  and  to  30  or  perhaps  40  or 
50  cu.ft.,  where  the  units  are  in  a  very  bad  condition. 

Most  of  this  leakage  comes  into  the  condenser  and  ex- 
haust passages  through  minute  leaks  in  the  cast-iron 
shells,  gaskets  and  expansion  joints.  It  is  exceedingly 
difficult  to  detect  these  leaks  with  a  candle  flame,  but 
most  of  them  may  be  detected  by  filling  the  condenser 


of  dry-air  pumps  were  investigated,  it  became  evident  that 
the  volumetric  efficiency  of  a  pump  working  between  1/4 
and  15  lb.  absolute  is  very  poor  indeed.  The  difficulties 
of  keeping  valves,  pistons,  glands  and  packing  tight 
against  such  a  tenuous  fluid  as  air  at  vacuum  pressures 
are  of  much  greater  moment  than  is  usually  believed.  It 
is  hoped  that  some  of  the  types  of  kinetic  air  pumps  will 
reduce  considerably  air  leakings  at  these  joints.  i 

Considerable  difficulty  was  experienced  in  securing  vac-* 
num  temperatures  during  these  experiments  and  most  of 
the  work  has  been  repeated  a  number  of  times  where  such 
temperatures  are  essential.  It  has  been  impossible,  up  to 
the  present  time,  to  secure  readings  which  were  entirely 
consistent  and  the  work  along  this  line  will  be  carried  on 
until  the  cause  of  the  discrepancy  is  ascertained  and  cor- 
rect figures  obtained. 

In  the  discussion  on  Mr.  Orrok's  paper.   Ihc  folloAviiiL' 
interesting  information  was  brought  out : 
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Some  years  ago  it  was  noted  in  a  barometric-conclcuser 
installation  that  air  leakage  was  apparently  taking  plaie 
nnder  high  vaeuuni  through  the  cast-iron  pipes  them- 
selves, as  tlie  vaiuum  eouki  be  improved  by  painting  the 
pipes  witli  asphaltnin.  The  piping  wtis  well  made  and 
apparently  free  from  blow-holes. 

Considerable  trouble  was  experienced  in  preventing  air 
leaks  through  the  gaskets  under  the  end  heads,  especially 
after  the  pipe  had  been  heated  up.  Hence,  the  bolts  and 
gaskets  at  the  joints  should  receive  particular  attention 
when  air  leaks  are  suspected. 

The  tests  were  not  conclusive  with  regard  to  the  ef- 
fectiveness of  the  different  paints  in  reducing  vacuum 
losses.  Paints  with  asphaltum  base  were  very  effective  in 
]n-eventing  leaks  at  low  temperatures,  but  softened  and 
tended  to  drip  at  temperatures  from  210  to  22.5  deg.  F., 
which  would  occur  should  the  vacuum  fail.  One  paint, 
said  to  be  a  linseed-oil  preparation  with  a  peroxide  of  iron 
liase,  formed  a  close  impervious  film  on  the  piping  and 
showed  no  deterioration  from  the  temperature  change 
wifiiin  the  range  of  tests. 

The  theory  advanced  by  several  writers  that  seems  to 
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Fig.   -t.    Showing   fiii-VDi  al   Drop   in   Vactum   after 
Stopping  Aiu  Pump 

account  in  tiie  best  manner  tor  the  fall  in  vacuum,  with 
increased  quantities  of  air,  is  as  follows:  As  steam  con- 
denses on  the  tube  surface,  the  air  is  left  behind  and 
the  medium  surrounding  the  tube  then  contains  propor- 
tionately much  greater  quantities  of  air  than  the  steam 
entering  the  condenser.  The  pressure  of  this  air  lowers 
the  partial  pressure  of  the  steam  and,  consequently,  its 
temperature.  Hence,  there  is  a  less  temperature  difference 
between  the  tubes  and  the  steam  and,  therefore,  the  rate 
of  condensation  is  lowered.  This  theory  emphasizes  the 
necessity  of  providing  in  the  design  for  a  rapid  sweeping 
away  of  the  air  to  the  air  pump  as  fast  as  the  steam  con- 
denses. 

In  connection  with  Mr.  Orrok's  figures  as  to  the  amount 
of  air  entering  through  the  prime  mover,  the  following 
data,  showing  the  amount  of  air  entering  through  tur- 
bine seals,  may  be  of  interest.  They  were  obtained  hy 
the  Wheeler  Condenser  &  Engineering  Co.,  with  their 
portable  testing  gasometer,  similar  in  design  to  Mr.  Or- 
rok's, and  may  serve  to  emphasize  the  importance  of  main- 
taining proper  pressure  on  the  steam  seals. 

In  the  test  in  question,  which  was  made  on  a  jet  con- 
denser, serving  a  2000-kw.  turbine,  at  no  load  and  with  no 
steam  on  the  turbine  seals,  a  total  of  86  cu.ft.  of  free  air 
per  min.  entered  the  condenser,  a  corrected  vacuum  of 
26.6  in.  being  maintained  under  this  conditio;'..  With  an 
ordinary  amount  of  steam  on  the  seals  and  a  mercury 
nanometer  registering  a  slight  pressure,  64  cu.ft.  per  min. 
'nti>roil    till'   coiidonscr   :il    mi  limd    nnd    the   \:i<  \"nn   w;is 


raised  to  28.5  in.  On  a  similar  unit  of  like  sue,  approxi- 
mately the  same  figures  were  obtained:  With  a  load  of 
1650  kw.  on  the  turbine,  and  no  steam  on  the  seals,  91 
cu.ft.  of  free  air  per  min.  entered  the  condenser,  the  vac- 
uum dropping  to  25.9  in.  corrected.  With  normal  steam 
pressure  on  the  seals,  the  amount  of  air  was  reduced  to 
56  cu.ft.  and  the  vacuum  increased  to  28.1  in.  A  fiirtiici 
increase  of  pressure  on  the  seal  was  found  to  have  no 
appreciable  effect. 

It  is  to  be  hoped  that  the  time  will  come  when  every 
power  station  will  be  equipped  with  a  gasometer  or  a  sim- 
ilar device  for  testing  for  air  leaks.  As  it  is  nov.',  the 
condenser  manufacturer  must  design  his  air  pumps  to 
handle  not  only  the  air  which  he  knows  by  experience 
will  enter  with  the  steam  or  by  infiltration;  in  addition, 
he  must  assume  the  responsibility  for  turbine  seaLs,  for 
careless  pipe  joints  and  for  slipshod  maintenance.  That 
is,  he  must  proportion  his  air  pumps  to  handle  far  more 
air  than  should  be  necessary  and  the  net  result  is  a  coji- 
siderable  overall  loss.  It  is  no  exaggeration  to  say  that 
probably  over  75  per  cent,  of  the  vacuum  troubles  in  con- 
densers today  may  be  traced  directly  to  an  abnormal  air 
leakage.  It  is  to  be  hoped  that  further  investigations, 
similar  to  Mr.  Orrok's,  will  be  made,  in  an  attempt  to 
determine  the  air  displacement  necessary,  say,  per  1000 
lb.  of  steam  under  standard  conditions. 

The  benefit  of  operating  upon  a  closed  system  and  cut- 
ting out  the  air  as  much  as  possible  is  unquestionable; 
Fig.  5  shows  the  effect  of  stopping  the  vacuum  pump  of 
one  of  the  Boston  Elevated  units.  It  was  realized  from 
past  experience  that  the  vacuum  upon  the  sj'stem  would 
not  suffer  seriously  even  if  the  dry-vacuum  pump  were 
stopped  temporarily,  and  James  D.  Andrews,  chief  engi- 
neer of  the  plant,  kindly  consented  to  stop  the  vacuum 
pump  on  one  of  the  units  for  one-half  hour,  making  one- 
half-minute  observations  of  the  fall  in  vacuum.  This  unit 
was  developing  9000  to  10,000  kw.  and  carrying  a  vacuum 
equivalent  to  1.03  in.  absolute  pressure  when  the  pump 
was  shut  down.  In  one-half  hour  the  vacuum  had  fallen 
only  0.32  in.,  or  to  1.35  in.  absolute.  This  curve  is  al- 
most a  straight  line  between  the  two  points  showing  that 
the  drop  in  vacuum  is  substantially  uniform. 


Indian    River   (Canada)    Developments 

The  Halifax  Power  Co.  is  planning  to  develop  two  sites 
on  the  Indian  Eiver,  18  miles  west  of  Halifax.  The 
upper  station  will  include  two  units  of  1200  kv.-a.  each. 
One  operates  on  90  ft.  head  from  the  Indian  Eiver 
watershed  and  the  other  on  160  ft.  head  from  the  Xorth- 
East  River  watershed;  the  latter  water  is  carried  over  to 
the  Indian  River  by  means  of  a  long  pipe  line.  The  lower 
station  will  include  two  units  of  1200  kv.-a.  operating 
on  90  ft.  head ;  in  this  station  the  step-u])  tran.sformers 
and  high-tension  gear  will  be  placed. 

These  developments  will  render  5600  hp.  available  in 
Halifax,  which  will  be  carried  over  a  duplicate  transmis- 
sion line  by  two  separate  routes.  Transmission  will  be 
at  33,000  volts.  It  is  the  intention  of  the  company  to 
sell  this  power  for  lighting  and  industrial  requirements 
in  Halifax.  Plans  are  well  under  way  for  the  upper  de- 
velopment, one  tran.smission  line  and  receiving  station, 
and  it  is  expected  that  this  portion  of  the  work  will  be 
DrocHpilpd   witli   iniiiicilinTc^lv. 
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Bristol  Recording  Differential- 
Pressure  Gages 

A  new  line  of  recording  diit'ercntial-pressure  gages  has 
recently  been  developed  by  the  Bristol  Co.,  Waterbury, 
Conn.  Some  of  these  recorders  have  been  in  successful 
service  continuously  for  four  .years,  and  the  design  and 
coustruction  of  the  instruments  now  being  placed  on  the 


Fig  1.  Bkistol  Record- 
ing DlFFEUFNTIAL- 

Peessuee  Gage 

market  is  based  on  results  obtained  in  actual  service  dur- 
ing this  time.    Fig.  1  is  an  exterior  view. 

These  gages  are  designed  for  use  in  connection  with 
veuturi  meters,  pitot  tubes,  orifices,  combinations  of  ori- 
fices and  pitot  tubes,  etc.,  and  thereby  to  record  velocities 
and  volumes  of  air,  gas,  steam,  water  and  other  liquids 
flowing  through  mains  and  pipes.  These  recorders  may 
also  be  used  to  advantage  for  recording  differences  and 
variations  of  liquid  level  in  steam  boilers,  pressure  tanks, 
filter  beds,  process  kettles,  etc. 

The  fundamental  piinciple  employed  in  the  coustruc- 


within  a  closed  casing.  To  record  the  niovemout  of  the 
jjressure  tube  it  becomes  necessary  to  transmit  its  motiou 
to  the  outside  of  the  pressure-tube  casing.  As  the  dif- 
ferential pressure  to  be  recorded  is  usually  small,  as  com- 
pared with  the  static  pressure,  the  operative  force  is  cor- 
respondingly small.  As  it  is  impractical  to  use  a  stuffing- 
box  around  a  shaft  passing  througli  a  pressure  casing,  on 
account  of  the  friction,  a  frictionless  sealing  device  is 
employed. 

In  Fig.  2  is  shown  a  hollow,  helical,  pressure  tube.  The 
two  pressures,  the  difference  of  which  is  to  be  recorded, 
are  applied,  one  to  the  interior  of  this  tube  through  the 
lower  right-hand  pipe,  the  other  to  the  exterior  through 
the  other  pipe.  The  pressure  tube  is  entirely  inclosed  in 
the  pressure-tight  casing.  The  movement  of  the  pressure 
tube  will  be  in  proportion  to  the  difference  between  these 
two  pressures,  and  this  motion  is  transmitted  to  the  re- 
cording pen  arm,  outside  of  the  pressure  casing,  by  a 
small  shaft  through  a  long  tubular  sleeve.  The  capillary 
action  of  the  oil  or  liquid  between  the  sleeve  and  shaft 
makes  this  joint  both  frictionless  and  pressure  tight. 

In  Fig.  3,  the  pressure-tight  casing  incloses  the  dia- 
phragm pressure  tube.  Here,  also,  one  pressure  com- 
municates with  the  interior  and  the  other  with  the  ex- 
terior of  the  tube,  and  its  motion  is  transmitted  by  a  ro- 
tating shaft  through  a  sleeve  to  the  recording  pen  arm. 
The  length  of  this  sleeve  is  many  times  the  diameter  of 
the  shaft  passing  through  it,  unlike  an  ordinary  bearing. 

This  device  permits  of  recording  extremely  small  dif- 
ferences between  the  pressure  existing  inside  and  outside 
of  the  pressure  tube.  The  frictionless  sealing  sleeve 
through  which  the  pen-arm  shaft  passes  does  not  produce 
appreciable  resistance  to  the  rotation  of  the  shaft,  and 
capillary  attraction  and  adhesion  prevent  leakage  of  even 
high  pressures  from  the  pressure  casing. 


Fig.  2.   Inteeiok  op  Hel- 
ical PiiEssuEE  Tube 


Fig.  3.  Inteeioe  of  Dia- 
phragm Peessuee  Tube 


Fig.  4.   Connections  for  Dia- 

i'hkagm-Type  Gage 


tion  of  this  differential-pressure  gage  is  that  one  pressure 
is  applied  to  the  inside  of  the  operating  tube  while  the 
other  is  applied  to  the  outside  of  the  same  pressure  tube 


In  Fig.  4  a  diaphragm  tube  is  shown  iu  the  prcssuri 
chamber  of  the  casing  directly  connected  to  one  end  < 
the  rotating  shaft  passing  through  the  pressure  seal,  ai 


hnvinnf  its  other  end  directly  roiuiuctcd  to  the  recording 
])eii  arm. 

This  illustration  also  shows  a  set  of  interlocking  valves, 
which  constitute  a  device  for  adapting  recording  differ- 
ential-pressure gages  to  practical  operating  conditions. 
The  upper  cross-valve  is  shown  in  an  open  |)osition  ciU'- 
necting  the  two  pressure  [jiiies.  'IMic  two  lower  valves  in 
the  pressure  pipes  are  shown  closed.  Both  of  these  valves 
can  be  opened,  allowing  the  static  pressure  from  either 
pipe  to  be  applied  simultaneously  to  the  inside  and  the 
outside  of  the  pressure  tube  of  the  actuating  mechanism. 
The  lower  central  or  interlocking  member  can  then  be 
turned  through  an  angle  of  90  deg.,  making  it  possible 
to  close  the  upper  valve,  which  completes  the  connections 
so  that  the  instrument  will  record  the  ditTerencs  between 
the  two  pressures. 

In  Fig.  5  is  shown  a  patented  safety  device  consisting 
of  a  U-shaped  tube,  partly  tilled  with  a  liquid  such  as 
mercury  or  water.  This  tube  has  enlarged  chambers, 
having  sufficient  volume  to  accommodate  the  quantity  of 
liquid  eontaine'd  in  the  tube.  The  length  of  the  U-tube 
varies  with  the  range  of  the  gage  so  that  the  greatest  pos- 
sible head  of  the  liquid  contained  in  the  U-tube  corre- 
sponds with  the  total  range  of  differential  pressure  the 
gage  is  designed  to  record.  Should  the  full  static  pres- 
sure accidentally  be  admitted  to  either  side  of  the  differ- 
ential gage,  the  liquid  contained  in  the  safety  U-tube 
A\iiuld  instantly  be  forced  up  into  one  of  the  enlarge- 
ments, thus  allowing  the  static  pressure  to  be  applied 
simultaneously  to  both  inside  and  outside  of  the  j^ressure 
tube,  thus  protecting  it  from  being  destroyed. 

Francke  Flexible  Coupling 

Flange  couplings  are  usually  tied  together  with  or- 
dinary bolts,  making  a  rigid  joint.  The  Francke  flex- 
iliU'  coupling,  marketed  by  the  Sniitli-Serrell  Co.,  90  West 
St.,  Xew  York  City,  is  also  an  ordinary  flange  coupling 


Fraxcke   Flkxihli':  Col'I'LIncj 

Ind  is  connected  by  flexible  bolts.  They  are  made  of 
Icmpered-steel  leaves,  held  at  each  en<l  by  a  keeper  which 
|ire\ents  their  working  loose.  The  keepers  are  slotted  at 
(\uh  end  to  engage  spring  rings  which  fit  in  a  groove  in 
the  coupling  flanges. 

All  leaves  except  two  short  ones  at  each  end  are  .slotted. 
The  short  ones  are  held  stationary,  making  all  movement 
come  on  the  steel  leaves,  which  do  the  work  that  is  dis- 


triluiletl  over  a  large  area.  The  slots  in  tlie  leaves  allow 
the  cou])liiig  to  adapt  itself  to  any  misalignment  of  the 
shaft. 

Taber  Automatic    Boiler-Compound 
Feeder 

This  compound  feeder  is  designed  to  operate  in  imison 
with  the  boiler-feed  pump  and  to  aiitomatically  stop  feed- 
ing when  the  pump  stops.  It  can  be  attached  to  any 
make  of  pump.    In  reality  the  feeder  is  a  water-operated 


Pipe  Carryincj  - 

Wkierio 

Boiler 


Tahioi!    Automatic    Compound   Feedi;h 

plunger  pump,  the  piston  of  which  is  actuated  by  the 
water  pressure  from  the  discharging  ends  of  the  boiler- 
feed  pump.  The  plunger  of  the  feeder  runs  in  a  cyl- 
inder, which  is  fitted  at  one  end  with  a  stuffing-box ;  the 
other  end  is  connected  to  a  tee  to  which  the  two  check 
valves  BB  are  screwed.  One  check  valve  is  piped  to  the 
tank  containing  the  compound  solution,  the  other  is  piped 
to  the  discharge  pipe  of  the  boiler-feed  pump.  The  ar- 
rangement is  shown  in  the  illustration.  A  regulating 
cock  is  piped  in  between  the  tank  and  the  feeder  by  which 
the  amount  of  compound  fed  to  the  boiler  is  adjusted. 

The  action  of  the  compound  feeder,  which  is  built  by 
the  Taber  Pump  Co.,  Swan  and  Ellicott  Sts.,  Buffalo, 
N".  Y.,  is  as  follows:  As  the  upper  and  lower  sides  of 
the  plunger  piston  A  are  connected  to  the  water  ends  of 
the  water  cylinder  of  the  feed  pump,  when  the  pump 
plunger  moves  toward  the  end  C,  the  water  pressure  pro- 
duced in  that  end  of  the  cylinder  is  exerted  against  the 
under  side  of  the  feeder  piston  A,  which  is  forced  up- 
ward, discharging  the  compound  in  the  chamber  D,  out 
through  the  left-hand  check  valve  B,  into  the  discharge 
pipe,  where  it  mingles  with  the  feed  water  passing  to  the 
boiler. 

On  the  reverse  stroke  of  the  boiler-feed  pump  water  is 
forced  into  the  feeder  cylinder  above  the  piston  A,  which 
forces  it  downward  and  a  charge  of  compound  is  drawn 
into  the  chamber  D  from  the  compound  tank.  The  dis- 
charge stroke  then  forces  it  into  the  feed  water.  For 
every  stroke  of  the  feed  pump  there  is  a  corresponding 
stroke  of  the  compound  pump,  and  no  water  is  fed  to  the 
boiler  without  receiving  a  certain  amount  of  compound. 
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Automatic  Reversing  Starter 

By  James  A.  Skagek 

Where  a  motor  has  to  be  reversed,  unless  special  means 
are  provided,  it  is  necessary  to  have  a  main  switch  or  cir- 
cuit-breaker, a  starting  resistance  and  a  reversing  switch. 
These  three  separate  items  in  the  hands  of  an  inexperi- 
enced person  afford  possibilities  for  mistakes,  inasmuch 
as  the  use  of  them  in  the  wrong  order  may  mean  trouble. 

For  this  reason  many  devices  have  been  put  upon  the 
market  for  making  the  control  of  reversible  motors  as 
automatic  as  possible.  One  of  the  latest  of  these  is  that 
l)rought  out  by  Jules  Hotle,  of  Budapest,  which  is  illus- 
trated in  Figs.  1  and  2,  showing  the  front  and  back 
views  resjjectively.  This  is  a  combination  of  a  revers- 
ing switch,  a  resistance  switch  for  inserting  and  cutting 
out  starting  resistance,  and  a  main  switch  or  series  cir- 
cuit-breaker, and  also  a  dashj)ot  for  the  switch  lever  of 
the  resistance  switch.  These  are  mechanically  connected 
so  that  they  act  successively  in  starting  and  stoijping,  and 
the  motor  can  be'  started  only  with  the  entire  series  of 
starting  resistance  in  circuit.  Moreover,  the  current  is 
not  interrupted  either  on  the  reversing  switch  or  on  the 
resistance  switcli,  but  only  on  the  main  switch  or  sei'ies 
circuit-breaker.  Hence  the  attendant  has  to  watch  only 
this  one  point. 

The   slab    carries    a    pi\(it,    alnjut    wliich    the   starting- 


FiG.   1.   FiiOXT   ViKW  Fig.  2.  Reah  View 

.switch  lever  mo\es.  This  le^er  carries  a  contact  brush 
and  also  a  lug  at  the  top,  which  engages  the  series  switch 
lever  mounted  on  a  pivot  above  it.  This  series  switch  lever 
is  under  the  control  cf  a  spring  tending  to  pull  it  toward 
the  right  so  as  to  close  the  circuit.  It  is,  however,  pre- 
vented from  doing  so  by  the  lug  on  the  starting-switch 
arm  so  long  as  this  is  in  its  extreme  upper  position.  On 
the  lower  part  of  the  slab  are  mounted  segmental  con- 
tacts and  a  two-armed  lever  attached  by  a  pin  and  con- 
necting-rod to  the  starting  switch.  The  ends  of  these  con- 


tacts are  so  close  together  that  in  the  oil  position  of  the 
switch  they  are  connected  by  the  brushes,  and  should  the 
brushes  slide  over  the  ends,  the  circuit  cannot  be  broken. 
The  starting-resistance  lever  which  is  loose  on  its  pivot 
moves  with  this  contact  brush  over  the  contacts  connected 
with  the  starting  resistance,  and  has  a  lug  normally  rest- 
ing against  the  lug  of  the  lever  of  the  connecting-rod. 
Thus  the  starting-resistance  lever  moves  downward  as 
soon  as  the  short  lever  descends  while  it  is  raised  again 
when  the  latter  lever  is  moved  upward.     In  order  that 


Fig.  3.  Stakteu  Applied  to 
Three-Phase  Current 

the  starting-resistance  lever  may  move  down  slowly  and 
gradually  a  dashpot  is  provided  to  control  the  motion. 

Referring  to  Fig.  2  there  will  be  seen  a  pulley  fixed 
to  the  shaft  passing  through  the  slate  at  its  lower  end, 
and  when  this  is  rotated  the  brushes  slide  over  the  seg- 
mental contacts  and  at  the  same  time  the  short  lever 
in  contact  with  the  starting-switch  lever  is  rocked  down- 
ward by  the  action  of  the  connecting-rod.  If  the  pulley 
is  moved  in  the  reverse  direction  the  brushes  slide  over 
the  alternate  contact  segments,  and  thus  the  "change- 
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over"  actiou  takes  place,  causing  the  motor  to  run  in  the 
reverse  direction,  lleuce,  the  direction  of  rotation  of  the 
motor  i.<  fixed  immediately  heforc  the  current  is  supplied. 

As  soon  as  tiie  starting  lever  eommenccs  to  travel  down, 
the  lug  on  its  upper  surface  clears  from  the  projection 
on  the  lever  of  tiie  series  switch,  and  the  spring  pulls  the 
latter  into  contact  wherehy  the  main  circuit  is  closed. 

Hv  a  very  slight  modification  of  the  reversing  contacts 
the  apparatus  may  be  adapted  to  three-phase  work.  This 
is  illustrated  in  Fig.  ^^.  Here  /.'  represents  the  rotor 
winding  ajid  .S  the  stator  winding  of  the  motor.  Two  con- 
ductors are  connected  liy  means  of  a  double-pole  main 
switch  M  with  tiie  two  inner  contacts  on  the  reversing 
switch,  while  the  third  conductor  is  connected  directly  to 
(inc  phase  of  the  stator.  Three  sets  of  starting  resistance 
A.  B  and  C  are  provided  for  the  rotor,  one  placed  in  each 
]ilia.se  while  tlie  primary  winding  is,  of  course,  electrically 
insulated  from  the  secondary. 

Polarity  of  Line  Wires 

By  .v.  E.  Christopherskx 

When  installing  electrical  machinery  it  is  often  neces- 
sary to  locate  positive  and  negative  sides  of  a  circuit  be- 
fore a  piece  of  apparatus  can  be  connected.  Therefore, 
a  few  simple  methods  for  determining  the  polarity  of 
line  wires  will  be  given. 
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Mkthous  of  Dktkijmixixg  Polarity 

A  simple  test  is  shown  by  Fig.  1,  which  represents  the 
ends  of  two  wires,  one  from  each  side  of  the  circuit, 
l)laccd  about  an  inch  ai)art  in  a  glass  of  water.  A  suit- 
able resistance,  such  as  one  or  more  lamps,  should  be  in 
circuit.  It  is  also  well  to  reduce  the  resistance  of  the 
water  by  putting  in  a  small  c]uantity  of  salt.  Bubbles 
of  gas  arise'  from  each  of  the  two  terminals,  but  at  a 
much  greater  rate  from  one  than  the  other;  that  from 
which  the  least  bubbles  ari.«e  is  the  positive  wire.  It  is 
not  advisable  to  use  this  lest  on  high  potential  circuits. 

With  the  same  apparatus  a  color  test  may  be  made. 
Instead  of  placing  salt  in  the  tundiler,  throw  in  a  few 
crystals  of  iodide  of  potassium  and  a  small  quantity  of 
starch,  then  place  the  cnd.<  of  the  wire  in  the  solution. 


It  will  be  found  that  the  electrolyte  turns  to  a  dariv 
blue  color  near  the  positive  wire.  If  some  of  the  prepared 
solution  is  poured  on  a  piece  of  white  blotting  paper,  and 
the  wires  are  pressed  against  the  paper,  that  part  near 
the  end  of  the  positive  wire  will  turn  dark. 

The  compass  test  is  based  on  tiie  action  of  the  magnetic 
lines  set  up  around  a  wire  carrying  current  on  a  magnet 
placed  in  the  vicinity  of  the  conductor.  These  magnetic 
lines  are  concentric  with  the  condui-tor,  their  direction 
depending  upon  the  direction  of  the  current  in  the  con- 
ductor. In  Fig.  2  the  conductor  is  represented  perpen- 
dicular to  the  plane  of  the  paper  with  the  current  flow- 
ing away  from  the  reader.  The  ''•rection  of  the  magnetic 
lines  is  indicated  by  the  arrov-'-neads.  A  compass  needle 
placed  in  the  magnetic  field  vvill  tend  to  assume  the  po- 
sition shown,  its  north  pole  pointing  in  the  direction  of 
the  magnetic  lines  set  up  by  the  current  in  the  conductor. 
If  the  current  is  in  the  opposite  direction  the  lines  of 
force  will  be  in  a  counter  clockwise  direction,  and  the 
position  of  the  needle  will  be  reversed. 

This  test  can  also  be  made  on  a  horizontal  conductor. 
Select  a  part  of  the  conductor  that  is  placed  or  can  be 
bent  into  an  approximately  north  and  south  direction. 
Place  the  compass  directly  over  the  conductor,  as  indi- 
cated in  Fig.  3.  If  the  current  in  the  conductor  is  flow- 
ing from  south  to  north,  the  north  pole  of  the  compass 
will  be  deflected  toward  the  east.  If  the  current  is  flow- 
ing toward  the  south,  the  north  pole  of  the  compass  needle 
will  be  deflected  toward  the  west. 

In  order  to  obtain  a  proper  deflection  of  the  needle 
along  the  scale  the  positive  ammeter  lead  must  be  con- 
nected to  the  positive  side  of  the  circuit,  and  the  negative 
lead  to  the  negative  side  of  the  circuit.  If  the  connections 
are  reversed  the  neeale  will  be  deflected  in  the  opposite 
direction  until  its  further  progress  is  barred  by  a  stop  or 
by  the  side  of  the  case.  It  is  well  in  this  test  to  use 
enough  resistance  in  series  with  the  ammeter  so  that  the 
ciL-rent  through  the  instrument  will  be  small.  Allowing 
a  iarge  current  to  flow  through  the  ammeter  in  the  re- 
verse direction  may  harm  it  by  bending  the  needle.  A 
small  reading  ammeter  in  series  with  a  suitable  resistance 
can  be  used  in  the  manner  illustrated  in  Fig.  4. 

Voltmeters  are  sometimes  used  for  testing  the  polarity 
of  the  wires,  but  it  is  not  good  practice  as  the  needle  is 
apt  to  be  bent  by  the  sudden  rush  of  current  in  the  re- 
ver.se  direction  through  the  instrument  coils  if  the  connec- 
tions are  not  properly  made. 


What  Would   Happen   to  Alternator? 

A  plant  consists  of  two  power  houses,  one  containing 
6600-volt,  three-phase,  60-cycle  alternators  driven  by 
Pelton  waterwhecls,  and  the  other  a  Parsons  steam  tur- 
bine driving  a  similar  alternator  of  500  kvr.  All  the  al- 
ternators are  run  in  parallel,  the  total  power  of  the 
water-driven  units  beinsr  about  800  kw.  The  steam- 
driven  units  are  excited  by  a  20-kw.,  120-volt,  direct- 
current  generator  belt  driven  from  a  small  steam  engine. 

Suppose  the  belt  were  to  break  when  the  engineer  is 
in  the  boiler  room  so  the  excitation  of  the  field  coils  of 
the  steam-driven  alternator  stopped.  Would  the  armature 
be  damaged  by  the  current  from  the  other  alternators? 

G.  Howe. 

Brittania  Beach,  B.  C  Canada. 
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Oil  for  Internal-Combustion  Engines 

Some  interesting  data  on  the  present  oil  situation  arc 
contained  in  the  report  of  the  "Prime  Movers  Com- 
mittee" of  the  National  Electric  Light  Association,  sub- 
mitted at  its  recent  convention.  Quoting  from  a  bulletin 
of  the  U.  S.  Geological  Survey,  the  report  gives  the  pro- 
duction of  oil  in  this  country  as  comjiared  with  the  rest 
of  the  world  for  the  past  four  years,  as  follows : 

PRODUCTION  OF  OIL  IN  BARRELS 

1909  1910  1911                  1912 

East  of  the  Rockies 127,224,000  136,547.000  139,315,000     133,200,000 

West  of  the  Rockies  ...  .        54,776,000  73.010,000  81,134,000       87,000,000 

Total  in  United  State.i ..  .      182,000,000  209,557,000  220,449,000     220,200,000 

Estimated  world  produc- 
tion     .. 298,346,000  327,474,000  345,512,000     347,000,000 

Percentage  of   L'  n  i  t  e  d 
.States    production    to 

world  production 61.1  03,8  63.8                  63.4 

This  shows  that,  although  there  was  a  decrease  in  the 
production  east  of  the  Eockies  during  1912,  this  was  com- 
pensated for  by  the  increased  production  west  of  the 
Eockies,  so  that  the  total  production  in  the  United  Slates 
during  1912  nearly  equaled  that  of  1911. 

Tn  Europe  the  production  has  decreased,  60,000,000 
bbl.  being  produced  in  Eussia  in  1912  as  against  more 
than  66,000,000  bl.  in  1911.  Eoumania  increased  its 
product  slightly  but  not  sufficiently  to  offset  the  Eussian 
decline.  The  world's  consum])tion  is  approximately  one 
million  barrels  a  day. 

Prices  advanced  steadily  during  1912,  the  increase  per 
barrel  over  those  in  1911  in  the  various  sections  of  the 
country  being  as  follows : 

Pennsylvania 70  c.  increase 

Illinois,  Ohio,  Indiana 35  to  40  c.  increase 

Texas 10  to  20  c.  increase 

California 5  ( 


During  the  present  year  the  prices  have  again  advanced 
until  now  the  Pennsylvania  oils  command  a  price  nearly 
double  that  of  a  year  ago. 

The  increased  price  of  oil  appears  to  have  temporarily 
retarded  the  extension  of  the  oil-engine  business  in  the 
Eastern  and  Central  states,  although  there  are  now  in  op- 
eration in  this  country  over  300  installations  of  medium 
and   heavy  oil  engines   aggregating  about   75,000   hp. 

The  report  concludes  with  specifications  for  oil-engine 
fuels,  abstracted  from  a  paper  by  I.  C.  Allen,  which  was 
presented  before  the  A.  S.  M.  E.  last  winter.  Mr.  Allen's 
specifications  were  in  part  as  follows: 

Fluidity — Sluggish  oils  should  be  heated  before  being 
introduced  into  the  engine.  If  it  be  necessary  to  use  very 
heavy  oils,  the  engine  should  first  be  warmed  with  a  more 
fluid  fuel,  and  the  heavy  oil  introduced  only  after  the  en- 
gine is  hot  and  running  well.  This  process  should  be 
leversed  when  shutting  down,  and  the  heavy  oils  washed 
out  of  the  engine  valves  and  pipes  with  a  lighter  oil  l>y 
running  a  .short  while  on  these  lighter  oils  before  allow- 
ing the  engine  to  become  cold. 

Tarrying  Content — An  oil  should  contain  not  more 
than  4  per  cent,  of  material  insoluble  in  xylol,  as  a 
larger  proportion  of  insoluble  material  will  tend  to  form 
coke  in  the  cylinders. 


Free  Carbon — There  should  be  nut  more  than  a  trace 
of  free  carbon  in  the  oil,  as  this  tends  to  .stop  the  valves 
and  carbonize  on  the  surfaces  of  the  cylinders. 

Volatility — At  least  80  per  cent,  should  distill  over  at 
350  deg.  C.  (662  deg.  F.)  ;  greater  than  20  ]M'r  ceul. 
residue  atrthis  temperature  will  sh'nw  a  large  carbon  con- 
tent by  coking. 

Flash  Point — The  flash  point  should  be  between  Oo 
and  100  deg.  C.  (140  and  212  deg.  F.). 

Incinerating  Oil — In  general,  a  heavy  oil  containing- 
no  flashy  material  should  be  enlivened  by  about  2  per 
cent,  of  a  gas  oil  having  a  flash  point  60  to  100  deg.  C., 
or  less,  by  mixing  before  introducing  into  the  cylinders. 

Specific  Gravity — The  specific  gravity  in  itself,  al- 
though of  little  significance,  should  not  be  greater  than 
0.920  (7.67  lb.  per  gal.);  beyond  this  gravity  the  large 
proportion  of  heavy  residual  material  would  give  troulde 
in  the  engine. 

Calorific  Value — This  should  not  be  less  than  16,2(i0 
B.t.u.  per  pound,  and  the  hydrogen  content  not  less  than 
10  per  cent.,  as  lower  values  approach  that  of  pure  I'arbon 
and  will  give  poor  combustion. 

Sulphur  Content — The  sulphur  content  should  not  be 
more  than  0.75  per  cent.  Brass,  zinc  and  copper  are  to 
be  avoided  in  the  surfaces  exposed  to  comlmstion.  Xickel- 
steel  seems  to  be  the  best  resistant  material. 

Acidity  and  Alkalinity  Content — The  oil  should  con- 
tain no  free  ammonia,  alkalies  or  mineral  acids,  because 
of  their  pitting  effect  on  the  surfaces  exposed  to  com- 
bustion. 

Ash  Content — The  oil  should  contain  not  more  than 
0.05  per  cent,  of  nonconibustiblo  mineral  matter. 

Water  Content — A  water  content  should  not  be  greater 
than  1  per  cent. 

I'ara/fin  Coiileiil — A  paralfin  content  above  15  per 
cent,  will  give  some  trouble.  A  higher  percentage  of 
paraffin,  because  of  the  large  quantity  of  oxygen  neces- 
sary for  complete  combustion,  will  burn  with  difficulty. 

Alphaltiim  Content — The  heavy-oil  engine,  at  lea.st,  as 
far  as  asphaltum  oils  are  concerned,  is  still  in  its  experi- 
mental stage,  but  it  will  not  be  unfair  to  assume  thai 
when  the  engineering  difficulties  are  surmounted  it  will 
be  practicable  to  burn  any  fuel  oil  containing  asphaltum 
that  is  sufficiently  fluid  to  flow,  providing  it  be  free  frcun 
solid  matter  and  water.  An  oil  cojitaining  21  per  cent, 
asphaltum  has  been  succes.sfully  ])urne(l. 

LuBEicATiNf)  Oil 

Viscosity — The  viscosity  should  be  between  9  and  10 
deg.  (Engler)  at  50  deg.  C. 

Flcu<li  Point — The  flash  point  should  be  between  220 
to  210  deg.  C.   (428  to  646  deg.  F.). 

Carbonization — When  agitated  with  concentrated  sul- 
])huric  acid  the  oil  should  not  lose  more  than  10  per  cent, 
by  carl>onizatioii.  This  .'^ulphuric-acid  te.sf  gives  an  in- 
dication of  the  ([uantity  of  unsaturated  hydrocarbons, 
present. 
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velopment  in  the  bituminous  gas  producer.  Owing  to  the 
increase  in  the  price  of  oil  and  the  difficulty  in  obtaining 
long-term  oil  contract?,  however,  the  competition  of  the 
oil  engine  is  not  as  keen  as  was  at  first  expected. 
~  Taking  up  the  considerable  number  of  unsuccessful, 
or  only  partly  successful  producer  installations  during 
the  early  period  of  this  development,  the  report  attributes 
these  largely  to  three  causes :  First,  there  was  too  much 
theorv  and  too  little  practical  knowledge  in  the  design 
Producer-Gas     Situation     in    the     United      of  ™>"y  of  the  early  producers.     Second,   there  was  a 

scarcity  of  competent  labor.     Third,  m  a  number  of  in- 


Sohihility — The  oil  should  dissolve  completely  and 
clearly  in  benzine. 

Aciditi/ — It  should  be  free  from  acids  and  alkalies,  as 
these  i)it  the  cylinders,  and  free  from  resins  and  fats,  as 
these  saponify. 

Aiiiinal  and  Vegetable  Oils — Because  of  their  tendency 
to  decompose,  animal  and  vegetable  oils  should  not  be 

US(m1. 


States 

An  impression  seems  to  prevail  in  many  circles  that  the 
gas-producer  situation  in  this  country  is  at  a  standstill. 
That  such  an  idea  is  erroneous,  however,  is  shown  in  a 
recent   investigation   by   Prof.    R.    H.    Fernald,   for  the 


stances,  salesmen  totally  unfamiliar  with  the  requisites 
of  a  successful  producer  installation,  had  misled  pros- 
l>ective  customers  in  the  belief  that  no  matter  what  the 
customer  required  in  the  way  of  a  power  plant,  a  pro- 
ducer plant  would  give  the  best  satisfaction.     In  conse- 


Map  Showixg  Distributiox  of  Gas-Producer  Plants  ix  the  United  States 


Bureau  of  Mines,  the  results  of  which  are  published  as 
Bulletin  55  of  that  department. 

This  shows  that  the  number  of  producer-gas  plants  in- 
stalled during  the  past  three  years  amounts  to  52  per 
cent,  of  the  total  number  installed  during  the  preceding 
nine  years.  This  is  exclusive  of  additions  to  existing 
plants  during  that  period.  Expressed  in  terms  of  power 
it  means  that  the  horsepower  represented  by  the  installa- 
tion during  th^  past  three  years  amounts  to  68  per  cent, 
of  the  total  horsepower  installed  during  the  preceding 
nine  years.  The  distribution  of  gas-producer  plants  in 
the  United  States  is  shown  on  the  map. 

In  spite  of  this  gratifying  situation,  a  canvass  of  pro- 
ducer manufacturers  revealed  an  attitude  of  uncertainty 
and  expectancy ;  the  first  because  of  present  oil-engine 
activities,  and  the  second  in  the  hope  for  a  marked  de- 


quence,  many  of  the  installations  were  unable  to  live  up 
to  the  results  guaranteed. 

By  1912,  however,  these  conditions  appear  to  have 
been  rectified  to  a  large  extent.  Manufacturers  have 
followed  up  and  overcome  many  of  the  defects  in  design 
and  salesmen  are  no  longer  making  extravagant  claims, 
but  instead  each  individual  case  is  now  receiving  the  at- 
tention of  the  engineering  department.  In  this  connec- 
tion it  may  be  mentioned  that  it  is  no  longer  the  tendency 
to  overrate  the  capacities  of  producer  plants,  as  was  the 
custom  a  few  years  ago. 

As  regards  labor,  managers  reporc  less  trouble  from 
incompetent  help  than  formerh'.  With  special  refer- 
ence to  bituminous  producers  the  report  says: 

The  Government  investigations  at  St.  Louis  and  Norfolk 
demonstrated  without  question  that  both   the  updraft  and  the 
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owndraft  types  will  generate  an  excellent  gas  from  bitu- 
linous  coal,  entirely  suitable  for  commercial  operation  of 
as    engines. 

There  are,  of  course,  inherent  difficulties  in  each  type, 
uch  as  the  mechanical  extraction  of  the  tar  In  the  up- 
raft   producer,   which   reduces  the   efficiency   of  the   plant  and 


TABLE    1 

.     COST   OF 

PRODUCER-GAS 

ENGINES, 

1912 

Cost  of  Engine 

Cost  per  Hi 

"'^^rected 

Cost 

Erooted 

F.O.B. 

Including 

FOB. 

Including 

)rsepower 

Factory 

Foundation 

Factory 

Foundations 

46 

$1,950 

$2,400 

$43,30 

$53 , 30 

50 

2,000 

2.. 500 

40  (K) 

.50 ,  00 

50 

2,200 

2..5O0 

44  l» 

.50  00 

55 

2,250 

2,700 

40  90 

49.10 

75 

3.300 

3,850 

44  00 

51,30 

100 

3..S.50 

4,475 

38  .50 

44.75 

100 

4.000 

4,400 

40,00 

44.00 

100 

4.0(]0 

4,600 

40  00 

46,00 

125 

4..5IH) 

5,1,50 

.36   10 

41   30 

150 

5.S00 

6.670 

38,70 

44, 50 

lCi5 

ll.SIK) 

7,550 

41.20 

45,80 

ISO 

t;,500 

7,500 

36 ,  10 

41,70 

190 

.S,.500 

9,250 

44.75 

48,70 

200 

7.000 

35 ,  00 

200 

7.S(K) 

8,070 

39  00 

44 '85 

200 

8,.500 

9,500 

42.50 

47 ,  50 

200 

9,700 

48,50 

250 

S.500 

34100 

250 

9.200 

10,500 

36.80 

42 ,  00 

250 

10,600 

11,600 

42  40 

46,40 

.300 

10,200 

34  00 

300 

11,500 

13,125 

38  .30 

43^75 

300 

11,800 

12,900 

39  30 

43.00 

.300 

12,500 

13,.5O0 

41   70 

45  (HI 

,500 

Ifi.OOO 

18,000 

32  00 

36 ,  00 

.500 

17,000 

34.00 

.500 

20,000 

22,50d 

40 ,  (X) 

45 .  00 

1000 

31.000 

35,000 

31,00 

35,00 

1000 

34,000 

34.00 

1000 

35.000 

.39,000 

35  00 

39:06 

3000 

00,000 

101., 500 

30  00 

38,85 

TABLE  2.       COST  OF  CAW  PRODUCER.S,  1912 

Cost 

Cost  per  Horsepower 

Cost 

Erected 

Erected 

F.O.B. 

Including 

FOB. 

Including 

orsepower 

Factory 

Foundation 

Factory 

Foundation 

15 

$396 

$26,10 

15 

450 

$.500 

30  00 

$33:3.5 

25 

4,55 

IS  20 

25 

.560 

625 

22  40 

25^00 

35 

.560 

16,00 

50 

700 

14.00 

50 

7.30 

'820 

14 ,  00 

io^io 

.50 

900 

1,035 

18  00 

20,70 

50 

1,400 

1,800 

28  00 

36,00 

75 

910 

12,15 

75 

940 

1,050 

12, 50 

u.m 

100 

1,050 

10  .50 

100 

1,100 

l',236 

11   00 

12:36 

100 

1,200 

1,380 

12  00 

13,80 

100 

1,450 

1,850 

14   .50 

18.50 

100 

2,400 

24,00 

150 

1,295 

s  65 

150 

1,530 

1,710 

10,20 

11:40 

1.50 

1,600 

1,840 

10  65 

12,30 

150 

3,300 

22.00 

200 

1,725 

11    .50 

200 

2.050 

2,300 

10  25 

IkoO 

200 

2,200 

2,7.50 

1 1   ()0 

13  75 

200 

2,800 

3,220 

14,00 

16,10 

200 

3,000 

3,700 

15,00 

18,50 

200 

4.000 

20  DO 

250 

2,100 

8  40 

2.50 

2,600 

2.900 

10  40 

11   60 

2.50 

3,500 

4.300 

14,00 

17  20 

250 

4,750 

19,00 

300 

2,700 

3,.500 

9^00 

11,65 

300 

3.200 

3,600 

10,65 

12  (X) 

.300 

3,400 

3,910 

11   35 

13  05 

300 

5,700 

19,00 

500 

6,000 

7,000 

12^00 

14  00 

.500 

8,500 

10,000 

17  00 

20.00 

500 

9,400 

18. SO 

1000 

12,000 

13,.500 

12  00 

13. 50 

.llOOO 

14,. 500 

17,000 

14.50 

17.00 

1000 

18,700 

18  70 

a3000 

40,000 

44,000 

i3!25 

14 .  65 

TABLE  3.     COST  OF  PRODUCER-GAS  INSTALLATIONS,  1912 

Cost  per  Horsepower 


Cost  of  Gas 

Cost  of 

Gas  Pro- 

Complete 

Producer 

Complete 

Cost  of 

ducer  and 

Plant 

Com- 

and Engine 

Plant, 

Complete 

Engine 

Exclusive 

plete 

Erected 

Exclusive 

Plant 

Erected 

of 

Plant 

Including 

of 

Including 

Including 

Build- 

Including 

Foundations 

Buildings* 

Buildings* 

Foundations 

ings* 

Buildings 

$4,300 

$5,300 

$86.00 

$106.00 

6,250 

7,800 

.$9,100 

62.50 

78,00 

$91.00 

12,400 

15,800 

17,500 

62.00 

79  00 

87.50 

13,200 

16,200 

66,00 

81 ,  00 

14,800 

18,200 

.58  20 

72,80 

17,000 

22,000 

23,800 

.56,65 

73  35 

79, 35 

25,000 

29,. 500 

50.00 

59  00 

32, .500 

47.500 

65,00  • 

95  00 

48,.500 

.57.. 500 

48,50 

57. 50 

.56,000 

84,000 

56  00 

84.00 

145,500 

202,000 

48.50 

67.35 

forces  on  the  owner  an  undesirable  byproduct,  and  the  ex- 
cessive labor  in  cleaning  the  downdraft  system,  the  re- 
quirements of  cleaning  also  prohibiting  the  continuous  oper- 
ation of  a  single  generator  unit.  Undoubtedly,  modifica- 
tions will  be  made  that  will  reduce  these  objections  to  a  min- 
imum, and  other  developments  will  gradually  simplify  such 
plants;  but  even  as  the  plants  exist  today,  the  fact  is  that 
approximately  52  per  cent,  of  the  total  producer-gas  liorse- 
power  in  this  country  is  developed  from  bituminous  coal  and 
lignite. 

The  updraft  producer  for  bituminous  coal  using  a  centrif- 
ugal scrubber,  has  been  generally  successful.  From  our 
knowledge  of  the  double-zone  producers,  we  believe  that  the 
question  of  the  main  filling  with  lamp  black  and  soot  is  a 
very  serious  problem,  far  greater  than  the  mechanical  dis- 
posal   of    tar. 

Bituminous  producers  in  large  units  with  proper  auxili- 
arises  are  successful,  but  the  small  bituminous  producers, 
owing  to  costs  and  difficulties  of  tar  extraction  are  not  as  yet 
entirely  successful. 

The  report  conelude.s  with  sume  tiseful  co.^t  data  on 
producer  installations.  These  are  in  part  inelnded  in 
the  accompanying  tables. 


Canada's  Largest  Power  Station 

Work  has  lieeii  slartetl  on  the  hydro-electric  power  sta- 
tion of  the  Cedar  Eapids  Manufacturing  &  Power  Co., 
Montreal,  Que.,  which,  when  completed,  will  be  the  larg- 
est in  the  Dominion  of  Canada.  Its  initial  rating  will  be 
about  100,000  hp.,  and  later  on  this  will  be  increased  to 
160,000  hp.  The  site  is  at  Cedar  Eapids,  in  the  St. 
Lawrence  River,  about  30  miles  above  Montreal. 

The  plant  will  be  663  ft.  long  'and  130  ft.  wide  and 
will  be  built  as  a  part  of  the  dam.  The  intakes  will  be 
of  the  scroll  or  involute  type.  Orders  have  been  placed 
by  the  Cedar  Rapids  company  for  the  generating  equip- 
ment. This  includes  twelve  10,800-hp.  waterwheels,  which 
are  to  operate  at  56  r.p.m.  under  a  head  of  30  ft.,  and 
will  be  the  largest  ever  built.  There  will  also  be  three 
1500-hp.  exciter  units  which  will  operate  under  the  same 
head  at  150  r.p.m.  Twelve  generators  are  to  be  connected 
to  the  waterwheels. 

The  design  of  the  turbines  will  be  very  much  the  same 
as  that  of  the  wheels  for  the  plant  of  the  Mississippi  River 
Power  Co.,  at  Keokuk,  Iowa.  The  chief  difference  will 
be  in  arranging  for  carrying  the  weight  of  the  generator 
rotor  and  the  moving  parts  of  the  turbine  on  a  thrust 
bearing  above  the  generator  instead  of  below,  as  is  done 
with  the  Keokuk  turbines.  The  waterwheel  contract  in- 
cludes tl>e  turbine  complete,  the  shaft  running  through 
the  turbine  and  generator,  the  thrust-bearing  support  or 
truss  t®  be  located  above  the  generator,  also  the  thrust 
bearing  complete.  The  weight  of  the  generator  will  be 
taken  through  east-iron  supporting  barrels  through  the 
turbine  to  the  foundation  below.  The  main  units  will  be 
of  the  single-runner  vertical-shaft  type  and  will  be  in- 
stalled in  wheel  chambers  of  spiral  shape  formed  in  the 
concrete  foundations  of  the  power  house.  The  exciters 
will  be  of  the  same  type  but  smaller  in  size.  The  run- 
ners for  these  wheels  will  be  an  enlargement  of  a  model 
runner  which  under  test  at  Holyoke  gave  an  efficiency  of 
90  per  cent. 

About  100,000  yd.  of  concrete  work  and  2,(100,000  yd. 
of  rock  and  earth  excavating  will  be  necessary.  Contracts 
for  80,000  hp.  of  the  output  of  this  station  have  already 
been  closed.  Of  this,  the  Aluminum  Co.  of  America  will 
take  60,000  hp.  and  the  Montreal  Light,  Heat  &  Power 
Co.  will  take  20,000  hp.  It  is  expected  that  the  plant 
will  be  finished  in  October,  1914. 
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HEATING     AND    VENTILATION 
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Steam  and  Electric   Load  Curves   in 
Large  Buildings 

The  relation  between  the  steam  requirements  for  heat- 
ing and  electric  loads  in  large  buildings  is  a  question 
upon  which  very  little  accurate  data  are  available.  This 
year  the  committee  on  heating  of  the  National  Electric 
Light  Association  collected  a  number  of  curves  typical 
of  different  types  of  building  and  presented  some  of  them 
in  the  report.  This  interesting  collection  of  curves  is  re- 
produced herewith. 

The  charts  include  curves  showing  the  steam  require- 
ments of  the  building  and  curves  showing  the  steam 
-which  would  be  required  for  the  electricity  actually  con- 
sumed, based  on  a  factor  of  60  lb.  per  kw.-hr.  In  the 
case  of  some  buildings  where  pumps  or  steam-driven  ele- 
vators are  installed,  there  is  an  additional  curve  showing 
the  high-pressure  steam  required  for  these  pumps,  and  a 
curve  showing  the  total  steam  which  would  be  available 
for  exhaust  from  both  the  pumps  and  electric  units,  if 
they  were  installed.  The  curves  show  the  actual  steam 
required,  and  in  the  case  of  the  curve  showing  steam 
axailable  for  exhaust,  a  slight  deduction  should  be  made 
on  account  of  the  condensation  removed  by  steam  and 
oil  separators. 

Fig.  1  shows  the  steam  and  electrical  requirements  of  a 
department  store  in  Detroit  on  a  typical  winter  day. 
This  store  is  a  brick  building  of  five  stories,  having 
cubical  contents  of  1,. 545,000  cu.ft.  and  a  connected 
steam  radiation  of  over  10,000  sq.ft.  There  are  also  in- 
stalled in  the  store  a  duplex  steam  pump,  18x12  in.,  and 
a  house  pump,  121/4x10  in.  The  store  is  open  for  busi- 
ness from  8  a.m.  until  5  :30  p.m. 

Fig.  2  represents  the  steam  and  electrical  requirements 
during  a  summer  day  of  a  large  department  store  in 
Chicago.  This  building  is  eight  stories  in  height  and 
the  cubical  contents  are  approximately  7,800,000  cu.ft. 
In  addition  to  radiation  for  both  direct-  and  indirect- 
steam  heating,  there  is  required  steam  for  16  elevators 
and  for  boiler-feed  pumps.  Fig.  3  shows  the  steam  and 
electrical  requirements  in  the  same  department  store  dur- 
ing the  holiday  trade,  in  ordinary  winter  weather,  and 
Fig.  4  during  severe  winter  weather. 

Fig.  5  shows  the  steam  and  electrical  requirements  in 
an  office  building  in  Detroit.  This  is  an  8-story  building 
of  brick  construction  haxijig  cubical  contents  of  565,000 
cu.ft.  and  connected  steam  radiation  of  6600  sq.ft. 

Fig.  6  shows  tiu'  steam  and  electrical  load  in  an  office 
building  in  New  York.  Tlrs  is  a  24-story  building,  hav- 
ing cubical  contents  of  6,500.000  cu.ft.  and  having  63,140 
sq.ft.  of  radiation  connected.  This  is  a  com]iosite  curve 
averaging  28  typical  winter  days. 

Fig.  7  shows  a  large  office  building  in  St.  Paul.     This 

is  a   steel   and   brick   building,   16   stories   high,   having 

ubical  contents  of  1,907.800  cu.ft.  and  connected  steam 

ladiation  of  19,500  sq.ft.    This  diagram  shows  conditions 

on  a  typical  winter  day  in  St.  Paul.     Steam  is  kept  on 


all  night  in  cold  weather,  thus  giving  a  more  even  steam 
line  than  for  some  of  the  buildings. 

Fig.  8  represents  the  steam  and  electrical  requirements 
in  a  theater  in  Detroit.  This  is  a  five-story  building 
of  brick  construction,  having  cubical  contents  of  710,(»)(i 
cu.ft.  The  steam  for  the  office  portion  of  this  building, 
however,  is  not  shown  in  the  diagram,  simply  the  steam 
and  electrical  requirements  in  the  theater.  This  eur\e 
shows  that  there  are  two  performances  each  day  in  the 
theater.  Fig.  9  is  a  diagram  for  another  Detroit  theater. 
This  building  is  brick,  with  a  stone  front,  having  cubical 
contents  of  750,000  cu.ft.  The  steam  for  the  office  build- 
ing is  not  shown  in  the  diagram.  Fig.  10  shows  the 
steam  and  electrical  requirements  of  a  large  hotel  in  St. 
Paul,  on  a  typical  winter  day.  This  is  a  12-story  build- 
ing, of  tile  and  steel  construction,  having  cubical  con- 
tents of  2,308,270  cu.ft.  The  heating  load  in  this  build- 
ing is  fairly  uniform  and  the  steam  required  for  the 
electrical  load  is  not  only  variable,  but  runs  far  in  excess 
of  the  steam  used  for  heating. 

Fig.  11  shows  the  steam  and  electrical  requirements 
in  a  printing  shop  in  Detroit.  This  is  a  five-story  brick 
building,  having  cubical  contents  of  315,000  cu.ft.  and  ii 
connected  steam  radiation  of  4008  sq.ft.  The  hours  for 
this  shop  are  7:30  a.m.  to  5:15  p.m.  There  is  also  a 
night  shift  with  regular  hours. 

Fig.  12  represents  a  printing  shop  in  St.  Paul.  It  is 
a  four-.story  brick  building,  having  cubical  contents  of 
695,320  cu.ft.  and  connected  radiation  of  9529  sq.ft. 
This  is  a  publishing  and  printing  house,  and  the  hours 
for  the  night  shift  are  irregular.  It  will  be  noticed  that 
the  electrical  load  is  used  principally  in  the  daytime. 

Comments  on  the  charts  follow  to  the  effect  that  even 
in  the  winter  time,  when  the  heating  and  power  require- 
7nents  more  nearly  approach  each  other,  there  is  still  a 
wide  variation  in  the  two  curves,  some  showing  that  at 
certain  periods  of  the  day  the  demand  for  steam  for  heat- 
ing is  in  excess  of  the  demand  for  electricity,  while  at 
other  periods  of  the  day  the  demand  for  electricity  is 
greater  than  the  demand  for  heating.  In  view  of  the 
fact  that  the  steam  demand  for  heating  disa]>pears  alto- 
gether in  the  summer,  and  in  the  winter  is  not  coincident 
with  the  demand  for  electricity,  the  utilization  of  exhau.st 
steam  for  heating  in  isolated  plants,  in  the  opinion  of  the 
committee,  is  not  nearly  as  great  a  factor  in  economy  as 
has  sometimes  been  claimed.  The  question  is  not  whether 
iieating  can  be  done  economically  with  exhaust  steam,  but 
whether  the  entire  plant  can  be  operated  economically. 
In  the  most  modern  buildings  the  heating  load  constitutes 
a  comparatively  small  part,  of  the  total  requirements  of 
the  building. 

When  the  electric  load  for  the  year  is  considered  it 
will  be  seen  that  an  isolated  plant  produces  a  large 
amount  of  steam  for  electrical  energy  uneconomically  in 
order  to  make  a  comparatively  small  economy  in  steam 
heating.  In  other  words,  in  attempting  to  secure  a  small 
economy,  a  greater  economy  is  lost  sight  of. 
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Flow  of  Water  in  Pipes 

By  W.  L.  DiHAND 

In  problems  relating  to  tlie  flow  of  water  through  pipes 
there  are  five  variables  which  must  be  considered.  These 
are:  Quantity  of  water,  size  of  pipe,  velocity  of  flow, 
length  of  pipe,  friction  head. 

The  last  two  may  be  reduced  to  one  variable  "friction 
head  per  unit  length,"  such  as  "per  hundred  feet." 


Friction  Head  p>er  Hundred  Fee+ 


Forl-lnch  Pipe  Divide  the  Vertical  Scale  bylO.For  Pipes 
etel2-lnches  in  Diameter  Mul+iply+he Vertical ScalebylOO 

Quantity  of  Watf.h,  Frictiox  Head  and  Size  of  Pipe 

In  the  July  9,  1012,  issue,  Mr.  Evans  gives  a  list  of  the 
best  known  formvilas  for  the  flow  of  water  in  pipes.  He 
also  gives  a  table  of  friction  heads  and  velocities  with 
values  derived  from  eacli  of  the  formulas  for  the  different 
commercial  sizes  of  pipe.  Based  on  the  average  of  these 
values  the  writer  made  a  set  of  curves  on  logarithmic 
paper  which  was  published  in  the  Oct.  29,  1912,  issue. 
Using  these  curves  1  have  worked  up  a  second  set  of 


curves  between  quantity  of  water,  friction  head  and  size 
of  pipe.    These  are  presented  in  the  accompanying  chart. 

Any  equation  of  the  form  y  =  bx^  may  be  plotted  as 
a  straight  line  on  logarithmic  paper,  and  vice  versa  any 
straight  line  on  logarithmic  paper  may  be  reduced  to  the 
form  y  =  bx"-.  It  is  also  possible  to  reduce  a  set  of 
curves  between  three  variables,  which  are  straight  linefe 
on  logarithmic  paper,  to  the  form  y  =  bx''z"'. 

Without  going  into  the  method  employed  the  accom- 
panying curves  reduce  to 

r    =    0.4  (PMJtO.53 

From  this  formula  the  following  formulas  may  be  derived, 
by  the  use  of  which  any  one  of  the  four  variables  men- 
tioned above  may  be  found  if  any  other  two  are  known. 
F  =  0..327fZ2j, 

V  =  1.22  d°-^*h°-^^ 

V 

V  =  3.0G  — 


h  = 

h  = 

d  = 

d  = 


1.42  T^o.38 
0.73t;'«« 


F' 


in  ■which, 

V  =  Cubic  feet  per  minute ; 

V  =  Velocity  in  feet  per  second ; 

/)  =  Friction  head  in  feet  per  100  ft. ; 
d  =  Actual  internal  diameter  of  pipe  in  inches. 
From  the  first  formula  it  is  also  possible  to  make  an 
equalization  table  similar  to  that  iu  use  for  steam  pipes. 
In  using  such  a  table  the  quantity  of  water  and  fric- 
tion head  per  unit  length  are  constants  and  the  diam- 
eter is  the  only  variable.    If,  then,  in  the  formula 
V  =  0.4  ff -BW-ss 

T  and  h  are  taken  as  constants,  and  <Z  as  a  variable,  all 
that  is  necessary  to  make  this  table  is  to  take  the  actual 
diameters  and  raise  them  to  the  2.64  power.  This  table 
is  as  follows : 


39.5 
53.3 
71.7 

116 

172 

240 

440 

700 


By  the  use  of  this  table  the  size  of  pipe  equal  to  several 
smaller  pipes  may  be  determined  so  that  the  friction  loss 
per  unit  length  will  be  the  same  in  all. 

What  size  pipe  should  be  used  to  feed  four  3i/4-in. 
pipes?  From  the  table,  28.3  is  given  as  the  equalization 
factor  for  3i/2-in.  pipe.     Then 

4  X  28.3  =  113.2 
The  nearest  size  pipe  to  this  factor  is  G  in.,  which  will 
feed  four  3i/^-in.  pipes  with  the  same  friction  loss  in  all. 


July  1,  1913  POWER  31 

gjiiiuiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^^ 


EDITORIALS 


siiiiiiNiiiiiiiiinriiiiiiiiiiieiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiriiiiHiiiii^^  iiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiinniiiiiiiiiiiiiiii iiiiiiimiiiniiiiiiinniiiiiiiiiiiii 


Educational  Work  in  Summer 

Now  that  the  summer  is  horc,  the  educational  work  so 
vigorously  carried  on  by  many  engineering  organizations 
during  the  winter  will  be  discontinued.  The  number  in 
attendance  at  the  meetings  will  consequently  decrease  and 
interest  in  the  organizations  will,  in  a  measure,  be  weak- 
ened. 

In  the  sultry  evenings  of  summer  a  trip  to  the  beach,  a 
trolley  ride  or  the  hammock  in  the  yard — if  one  is  so 
fortunate — are  all  more  desirable  than  the  smoke-laden 
atmosphere  of  the  usual  illy  ventilated  meeting  room.  Dis- 
cussion of  troubles  or  of  the  questions  asked  on  the  floor 
should  not  cease.  Power  plants  have  their  summer 
troubles,  although  they  are  not  usually  so  numerous  as 
in  winter;  nevertheless,  there  is  always  a  variety  of  sub- 
jects, discussion  of  which  is  beneficial. 

Above  all,  do  not  wait  until  late  in  the  fall  to  appoint 
educational  committees.  Appoint  them  now  so  that  a 
thorough  educational  campaign  may  be  prepared  and 
ready  to  produce  good  results  as  soon  as  the  season  opens 
in  the  fall. 

Care  of  Boiler-Furnace  Breechings 

Some  engineers  regard  the  breeching  or  flues  of  boiler 
furnaces  as  little  more  than  a  sewer  for  carrying  away 
the  waste  products  of  combustion,  which,  if  allowed  to 
get  into  the  room,  would  pollute  the  atmosphere. 

Breechings  do  not  require  much  attention  normally 
and  it  is  because  of  this,  perhaps,  that  they  do  not  re- 
ceive attention  when  they  are  much  iu  need  of  it.  The 
effective  area  of  opening  in  most  breechings  is  none  too 
large  even  when  the  breeching  is  clean.  When  the  breech- 
ing, flues  and  setting  are  allowed  to  accumulate  soot  the 
draft  is  not  only  impaired,  but  may  become  inadequate 
to  meet  heavy  loads.  If  forced  draft  is  used  and  a  con- 
dition of  soot  accumulation  exists  and  the  settings,  flues, 
etc.,  leak,  the  pressure  within  will  force  the  gases  into 
the  room.  If  this  leakage  of  gas  becomes  chronic  and 
the  damper  regulators  are  known  to  be  working  well,  it 
indicates  obstructed  flues  and  breechings. 

Instances  where  natural  draft  has  displaced  forced 
draft  and  one  or  more  boilers  have  Ijeen  cut  out  of  ser- 
vice after  the  breechings  have  been  properly  cleaned  are 
not  unknown. 

Where  natural  draft  prevails  and  the  boilers  are  work- 
ing hard,  steps  should  be  taken  to  stop  leaks  in  the 
breeching.  A  leaky  breeching  containing  much  soot  may 
give  enough  dra^'^  while  the  fuel  bed  is  thin  and  the  load 
about  normal,  but  with  a  thick  fuel  bed  and  sudden  de- 
mands for  steam,  serious  trouble  is  likely  to  be  exper- 
ienced. 

Cleanliness  is  admirable,  but  if  as  much  attention  were 
given  to  cleaning  boiler  settings,  flues,  tubes,  etc.,  as  is 
given  to  rubbing  alcohol  on  a  marble  switchboard  or 
polish  on  brass  rails,  the  coal  bill  might  be  materially  re- 
duced in  many  plants. 


On  the  Wrong  Tack 

When  discussing  the  disadvantages  of  an  isolated  plant, 
advocates  of  the  central  station  are  prone  to  minimize  the 
question  of  heating.  Considering  the  fact  that  this  is  one 
of  the  factors  which  has  deprived  them  of  a  great  deal 
of  business  it  is  not  surprising  that  their  interests  rather 
than  an  unbiased  engineering  analysis  should  dictate  their 
viewpoint. 

On  other  pages  of  this  issue  appear  a  number  of  charts, 
showing  the  steam  required  for  electric  and  heating  loads 
in  different  types  of  building,  as  prepared  by  the  com- 
mittee on  steam  heating  of  the  National  Electric  Light 
Association.  High-speed  automatic  engines  using  sixty 
jJounds  of  steam  ]>er  kilowatt-hour  were  taken  as  a  basis 
and  it  was  shown  that  the  steam  required  to  generate  the 
electrical  load  was  considerably  in  excess  of  the  amount 
needed  for  heating.  The  two  loads  were  not  coincident, 
and,  in  short,  using  exhaust  steam  for  heating  under  the 
circumstances  mentioned,  was  an  attempt  to  secure  a 
small  economy  by  losing  sight  of  a  greater  economy,  the 
greater  economy  meaning,  we  take  it — central-station  cur- 
rent and  separate  steam  service. 

No  doubt  there  are  a  great  many  small  noncondensing 
plants  in  which  the  steam  consumption  runs  well  up  to 
sixty  pounds  per  kilowatt-hour,  but  with  a  rate  from  the 
central  station  which  should  include  a  f>ercentage  for 
large  overhead  charges  and  some  addition  for  profit,  and 
considering  the  extra  cost  of  heating,  even  these  jDlants 
should  make  a  favorable  showing.  When  exhaust  steam 
from  an  engine  is  used  for  heating  -about  eighty-flve  per 
cent,  of  the  initial  energy  is  available,  so  that  if  the  power 
load  is  in  excess  there  is  no  nee<l  for  a  separate  source  of 
supply.  Good  practice  would  be  to  lower  the  steam  rate 
on  the  power  load,  as  there  is  no  real  oc-casion  for  dis- 
charging so  much  excess  steam  to  atmosphere. 

Without  condensers,  a  compound  engine,  or  a  single- 
cylinder,  four-valve  unit  would  reduce  the  steam  con- 
sumption by  30  to  40  per  cent.,  and  in  most'  cases  there 
would  still  be  enough  steam  for  heating.  A  further  rp- 
duction  in  steam  rate  would  be  possible  by  installing  a 
condenser,  which  would  carry  the  summer  load  and  the 
excess  of  power  over  heating. 

The  argiiment  against  a  condenser  in  an  office  building 
is  "cooling  water."  Water  at  high  cost  would,  of  course, 
soon  counterbalance  the  efficiency  added  by  the  condenser. 
It  would  then  l^e  necessary  to  turn  to  the  cooling  tower, 
and,  although  the  use  of  this  apparatus  is  not  common  iu 
office-building  plants,  there  are  types  which  will  give  sat- 
isfactory service  at  a  cost  of  about  one  pound  of  water 
for  every  pound  of  steam  condensed.  The  amount  of 
water  used,  due  to  the  lower  steam  rate,  would  then  be 
lower  than  in  noncondensing  plants  of  the  best  type,  aiid 
the  excessive  use  of  water  for  cooling  would  be  obviated. 

There  is  the  possibility  of  using  hot-water  heat  and  op- 
erating condensing  even  on  that  part  of  the  load  supply- 
ing the  heating.     The  vacuum  in  the  condenser  can  be  i 
regulated  to  suit  the  temperature  of  water  required,  or- 
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Ihr-  load  ciui  Ik'  shifted  from  the  unit  carrying  the  lieat- 
iiig  to  the  unit  running  full  eoiidensing,  or  vice  verm, 
i-o  that  the  required  amount  of  steam  can  be  obtained  to 
give  almost  any  temperature  of  water.  The  head  in  un- 
usually high  buildings  might  require  a  division  of  tiie 
system  into  sections,  but  in  the  ordinary  building  there 
would  be  no  diHiculty  in  operating  a  hot-water  system. 

The  additional  lirst  cost  of  the  refinements  just  men- 
tioned would  i)rohil>it  their  use  in  plants  under,  say,  two 
to  three  hundred  horsepower.  For  larger  ])lants  a  thor- 
ough investigation  would  be  worth  while  !)efore  a  decision 
is  made  on  the  equipment  of  the  plant. 

These  are  a  few  of  the  arguments  that  the  heating  com- 
mittee might  have  included  in  their  report  had  they  any 
intention  of  treating  the  subject  fairly.  If  continued  con- 
tidsnce  in  their  analyses  is  expected,  a  change  in  methods 
is  necessary.  A  fair  and  equal  presentation  of  the  facts 
for  both  sides  is  all  that  is  asked,  and  generally  this  would 
be  enough  to  swing  the  pendulum  toward  the  isolated 
plant.  In  engineering  discussions  there  is  no  room  for 
commercial  quibbling,  for  any  omissions  or  deductions  un- 
fair to  one  side  tend  to  act  as  a  boomerang  discrediting 
those  participating. 

Graphite  in  Boilers 

i'owEU  has  printed  considerable  in  the  last  year  on 
the  use  of  graphite  in  boilers  to  remove  or  prevent  scale. 
Most  of  this  was  given  in  the  form  of  letters  from  read- 
ers telling  their  own  exi>erience  and  all  of  these  letters 
confirmed  the  efficacy  of  the  treatment.  Then  came  the 
announcement  in  a  paper  by  Lieut.-Com.  Prank  Lyon, 
U.  S.  N.,  before  the  American  Society  of  Naval  Engi- 
neers, that  graphite  in  boilers  accelerated  corrosion  and 
was,  therefore,  to  be  classed  with  "Dangerous  Com- 
pounds." This  seemed  too  important  a  criticism  to  be 
ignored,  and  it  was  decided  that  before  more  was  printed 
on  the  subject  all  effort  shoald  be  made  to  uncover  the 
real  facts. 

.V  number  of  manufacturers  of  boiler  graphite  were 
written  to  and  all  maintained  that  there  was  no  truth  in 
Lieuteiumt  Lyou's  contention.  All  but  one  of  them 
had  evidence  to  ofter  and  that  one  dismissed  the  question 
as  too  ridiculous  for  serious  consideration.  The  most 
thorough  refutation  so  far  presented  is  the  report,  printed 
on  page  37. 

Another  manufacturer  also  reported  on  an  investiga- 
tion of  a  marine  boiler  that  was  supposed  to  have  been 
injured  by  the  use  of  graphite.  Pitting  developed  after 
removing  the  zinc,  which  had  l^een  in  the  boilers  to  pre- 
vent corrosion.  Because  graphite  was  being  used,  it  was 
charged  that  the  corrosion  was  due  to  it.  The  report 
affirms  that  pitting  would  have  resulted  without  the 
graphite,  and  there  seems  no  reason  to  question  this. 
Corrosive  agerts  in  the  feed  water  would  do  the  mischief. 

At  the  recent  meeting  of  the  International  Railway 
Fuel  Association  the  question  came  up  and  the  following, 
quoted  from  the  Raihrai/  Age  Gazette,  is  also  reassuring: 

The  use  of  pure  amorphous  graphite  was  strongly  recom- 
mended as  it  is  purely  mechanical  in  its  action,  having  a 
tendency  to  break  off  the  scale  as  well  as  preventing  its 
formation.  A  simple  laboratory  experiment  was  made  by 
applying  this  grade  of  graphite  to  one  side  of  a  plate  and 
Inte-.-nittently  boiling.  After  80  hours,  extending  over  a 
periot  of  10  days,  the  graphite  was  still  a«  active  in  its  pro- 
tection of  the  plate  as  it  was  originally.  The  opposite  side 
of    the    piate    was    rusty. 


.\pparently  the  sum  and  substance  of  the  situation  is 
that  graphite,  at  least  in  the  proportions  in  which  it  is 
used  in  boilers,  has  no  effect,  so  far  as  corrosion  is  con- 
cerned, either  to  cau.sc  it  or  to  prevent  it  (unless  it  thor- 
oughly coats  the  metal)  and  is  to  be  regarded  as  simply 
inert  except  as  a  scale  remover.  In  that  capacity  its 
action  seems  to  be  purely  mechanical  and  not  chemical. 

Rate  Decisions 

The  excellent  work  which  the  New  York  Pulilic  Ser- 
\ice  Commission  of  the  second  district  has  accomplished 
under  the  able  chairmanship  of  F.  W.  Stevens,  whose 
term  has  just  expired,  is  again  brought  to  our  attention 
in  the  recent  ruling  in  the  Buffalo  rate  case.  In  fixing 
the  rate  schedule  the  commission  acted  upon  the  theory 
that  the  stockholders  were  entitled  to  a  reasonable  return 
upon  the  actual  investment,  but  that  the  public  should 
not  be  made  to  pay  a  return  upon  factitious  intangibles. 
Wherever  a  difference  arose  as  to  the  physical  value  of 
any  property  the  commission,  in  every  instance,  gave  the 
company  the  benefit  of  the  doubt,  but  it  was  firm  in  re- 
fusing to  permit  such  items  as  franchise,  "going  concern 
value"  and  certain  alleged  contracts  to  be  considered  as 
]iart  of  the  capital  stock  upon  which  a  return  should  be 
made.  Moreover,  reference  to  page  39  of  this  issue  wib 
show  that  the  rate  differential  is  based  largely  upon  the 
connected  load,  a  point  that  meets  one  of  the  usual  cen- 
tral-station contentions. 

Comparison  with  the  present  New  York  Edison  rates 
shows  that  the  people  of  New  York  pay  from  one  and 
one-half  to  over  three  times  as  much  far  electric  energv 
as  do  the  people  of  Buffalo,  the  greatest  hardship  coming 
upon  large  residences  and  storekeepers. 

Hearings  in  the  rate  case  against  the  New  York  Edison 
Co.  have  been  dragging  on  before  the  Public  Service 
Commision  of  the  first  district  for  the  past  two  years. 
This  delay  has  been  occasioned  to  some  extent  by  the 
])rossure  of  subway  matters,  which  occupied  a  large  part 
of  the  commission's  time  last  year.  Now  that  these  have 
been  disposed  of,  it  is  only  reasonable  to  expect  that  the 
decision  in  the  Edison  case  will  be  hastened.  If  the 
commission  has  ever  felt  any  doubt  as  to  its  power  to  pre- 
scribe rates,  the  precedent  established  by  the  up-state 
commission  should  now  pave  the  way. 


The  Christie  air-steam  engine  is  again  in  evidence.  The 
Clinton  (Iowa)  Herald  of  June  1,  prints  a  three-column 
advertisement  in  the  form  of  an  article,  illustrated  with 
a  picture  of  one  of  these  engines,  weighing  -1:6,500  lb., 
which  will  be  installed  about  July  1  at  the  Clinton  Paper 
Co.'s  mill.  The  article  winds  up  with  the  usual  allusion 
to  the  present  opportunity  to  obtain  stock  under  especially 
favorable  conditions.  Before  investing  money  in  it,  we 
should  recommend  reading  the  files  of  Power  as  follows : 

Christie  air-st«am  engine,  p.  382 Sept.    5,  1911 

Discussion  letters  on  same,  p.  528 Oct.      3,  1911 

p.  934 Dec.  lo!  1911 

P-  166 Jan.    30,  1912 

_,    .    .      .                                 p.  483 Apr.     2.1912 

Chnstie  air-stcam  engine,  by  John  T.  Christie,  p.  609 Oct.    17,  1911 

tditonal,  p.  603 f)ct     17   1911 

Performance  of  the  field  engine,  by  L.  B.  Lent,  p.  Kl '.'.'.  Nov.    7,  1911 

Who  said  the  gas-engine  business  was  moribund  ?  The 
C.  &  G.  Cooper  Co.,  of  Mt.  Vernon.  Ohio,  have  twenty 
orders  now  in  the  shop,  and  others  offering  if  they  could 
promise  delivery. 
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Correct  Position  of  Gate  Valves  in 
Horizontal  Steam  Lines 

I  would  be  pleased  to  be  advised  by  readers  as  to  the 
proper  position  for  gate  valves  iu  large  horizoutal  steam 
lines.  There  seems  to  be  a  difference  of  opinion  on  this 
point,  although  the  general  practice  in  this  locality  is  to 
place  the  valve  with  the  stem  horizontal. 

Experience  here  indicates  that  when  a  globe  valve  is  so 
located  that  no  condensation  can  accumulate  above  it,  and 
it  never  changes  temperature  under  pressure,  the  pres- 
sure should  be  on  the  under  side  of  the  disk.  If  the 
valve  is  in  an  uudraiued  vertical  pipe  in  a  steam  hose 
or  flue  blower,  tank  heater,  or  similar  position  so  that 
condensation  can  accumulate  and  cool  above  the  valve,  it 
should  be  piped  with  pressure  on  top  of  the  disk.  This 
will  avoid  cutting  out  the  disk  and  seat,  due  to  the  valve 
shrinking  open  when  it  cools.  Obviously  there  should  be 
a  cutoff  valve  where  the  branch  comes  oft",  which  can  be 
closed  to  pack  the  globe  valve. 

D.  L.  Bellinger. 

Glens  Falls,  N.  Y. 
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terially.     This  accounts  for  the  increase  in  coal  consunip 
tion  at  this  time. 

The  sudden  increase  in  kilowatt  output  for  July  u 
due  to  the  increased  amount  of  current  necessary  tc 
operate  the  ventilating  fans  at  high  speed.  The  drop  ii 
output  for  November  shows  that  these  fans  were  slowec 
down  to  a  speed  necessaxy  to  give  the  proper  ventilatior 
for  the  heating  season.  On  account  of  mechanical 
troubles  with  the  cooling  tower  it  was  not  possible  to  keej: 
the  exhaust  turbine  iu  continuous  operation  until  the 
first  part  of  July.  It  was  kept  in  continuous  service 
from  that  time  until  the  first  of  October.  During  these 
three  months,  it  will  be  noted,  the  coal  consumption 
gradually  decreased  until  Oct.  1,  when  the  turbine  was 
shut  down  and  exhaust  steam  was  turned  into  the  heating 
system.  At  this  point  the  wind  velocity  gradually  in° 
creased  and  the  temperature  decreased. 

P.  J.  Ravlix. 
Chicago,  111. 


Curves  Showing  Year's  Output  of 
Plant 

The  accompanying  graph,  compiled  for  the  year  of 
1913,  shows  the  operation  of  a  300-hp.  power  station 
furnishing  heat,  light,  power  and  compressed  air.  The 
direction  of  the  wind,  velocity  and  temperature  were 
obtained  from  the  weather  bureau  and  the  graph  shows 
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Chart  Covebixg  Year's  Output  of  Plant 

in  a  marked  degree  the  influence  of  these  three  factors 
on  the  con.sumption  of  coal. 

It  should  be  noted  that  in  the  month  of  Ivlarch,  the 
electrical  output  decreased  while  the  coal  consumption 
increased.  The  temperature  increased  but  the  general 
direction  of  the  wind  was  northeast.  North  and  north- 
west winds  affect  the  radiation  from  the  building  ma- 


Shaft-Aligning  Troubles    as    Infuenced 
by  Belts 

There  have  been  a  few  articles  published  with  regard  tu 
shaft  aligning  with  the  new  patented  instruments.  These 
articles  have  mentioned  the  great  saving  made,  but  have 
not  given  any  specific  figures.  I  have  been  doing  some 
of  this  work  and  have  discovered  several  points  not 
brought  out  in  any  article  I  have  read. 

A  line  of  shafting,  motor  driven,  was  picked  out  and 
ammeter  and  voltmeter  readings  taken.  The  shaft  was 
then  aligned  and  found  to  be  both  out  of  line  and  out  of 
level.  After  aligning,  readings  were  again  taken  and  a 
large  reduction  in  friction  looked  for.  Instead  we  found 
considerable  more  friction  than  before  the  shafting  was 
touched.  A  close  examination  showed  that  the  shaft, 
where  it  had  been  out  of  line,  was  always  in  the  direction 
of  belt  pull  to  the  countershafts.  Where  the  shaft  was 
lined  up  it  tightened  all  the  belts  and  the  extra  friction 
due  to  tight  belts  was  more  than  was  gained  by  the 
straight  shafting. 

Of  course,  the  proper  way  would  be  to  lengthen  the 
belts  to  the  same  tension  they  had  before  the  shaft  was 
aligned.  But  just  how  is  this  to  be  accomplished?  A 
test  could,  of  course,  be  made  without  belts,  but  this 
hardly  meets  running  conditions.  In  our  case  the  belts 
were  not  tightened  sufficiently  to  warrant  putting  in  a 
new  piece  and  yet  they  were  tightened  enough  to  neutral- 
ize the  good  work  of  the  instrument.  Until  we  have  a 
reliab'.ainstrumient  for  measuring  belt  tensions,  a  test  of 
thi."  nature  will  at  least  be  open  to  question. 

The  experiment  also  demonstrated  the  fact  that,  al- 
though there  is  probably  a  large  loss  through  line  shafts 
oi:t  of  line,  there  is  probably  a  greater  loss  through 
belts  unnecessarily  tight.  The  trouble  is,  of  course,  with 
the  man  who  does  the  lacing.  A  belt  begins  to  slip  and 
this  man  is  called  on.    Instead  of  taking  up  Just  enough 
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to  tarry  the  machine  nicely  he  takes  up  all  he  can  get, 
probably  with  the  idea  that  it  will  be  a  longer  time  be- 
fore he  is  again  called  on.  This,  of  course,  results  in 
stretching  the  life  out  of  the  bolt  and  increasing  the  fric- 
tion load  on  the  engine. 

AAlieii  aligning  shafting  having  old-style  hangers  which 
are  not  adjustable,  except  by  shimming,  at  least  six 
men  should  be  on  the  job  if  the  work  is  to  be  quickly 
done,  as  one  man  at  the  instrument  can  take  care  of  that 
many  working  on  the  hangers. 

Work  in  a  gallery  must  generally  be  done  when  every- 
thing else  is  shut  down,  as  the  vibration  so  affects  the  in- 
strument that  it  is  impossible  to  work  at  all  closely. 

Ttiis  letter  may  seem  to  indicate  lack  of  faith  in  the 
shaft-aligning  instrument,  on  the  part  of  the  writer,  but 
such  is  not  the  case.  The  iustrumeut  will  prove  both  a 
time  and  money  saver  where  considerable  shafting  is  to 
be  cared  for.  In  order  to  show  results,  however,  it  will 
be  necessary  to  get  after  the  belt  lacer  as  well  as  the  per- 
son directly  responsible  for  the  badly  aligned  shafting. 

John  Bailey. 

Milwaukee,  Wis. 

Guide  Point  for  Boiler  Tubes 

When  it  is  necessary  to  remove  a  tube  in  the  third  or 
fourth  row  from  the  bottom  it  is  generally  cut  free  at 
each  end  and  pushed  or  drawn  out  through  the  front 
header,  quite  a  laborious  job.  The  tubes  are  usually 
cc'.'Pi'ed  with  ashes  or  soot  scale,  which  must  be  removed 
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Fig.  2.   Point  with  Link 
Attachment 


before  the  tube  can  be  drawn  through  the  tube  hole. 
When  putting  in  new  tubes  there  is  trouble  of  a  different 
character. 

In  most  all  horizontal  water-tube  boilers  there  are  ver- 
tical brick  baffle  walls  to  direct  the  gases  across  the  tubes 
several  times  before  they  reach  the  uptake.  These  baifles 
are  easy  to  assemble  while  erecting  the  boiler  and  will 
last  many  j'cars  under  ordinary  conditions.  Some  of  the 
])affles  are  of  a  special  form  of  firebrick,  placed  between 
the  tubes,  but  often  have  a  bar  acro.ss  the  back  to  keep 
them  in  place.  Others  are  held  in  place  by  special  shaped 
iron  plates,  which  are  afterward  covered  with  about  2  in. 
of  plastic  asbestos  to  protect  them  from  the  fire. 

Now  the.se  plates  and  tirebrick  fit  snugly  about  the  tubes 
and  are  frequently  loose  enough  to  drop  down  14  in.  into 
the  opening  from  which  the  tube  was  drawn.  It  requires 
patience  to  push  the  tube  through  the  opening,  even 
though  it  were  i/s  in.  larger  thau  the  tube,  but  to  have 
the  plates  or  firebrick  come  down  and  partially  close  the 
opening,  and  with  no  other  means  than  a  long  bar  to  re- 
move them  requires  time  and  labor.  Many  tubes  have 
been  so  badly  battered  on  both  ends  by  driving  on  them 
in  an  effort  to  break  the  firebrick  obstructiou  that  they 
were  unfit  for  use  after  they  had  been  driven  into  place. 

To  overcome  this  diflRculty  a  cone-shaped  plug,  Fig  1, 


was  made  to  fit  in  the  end  of  the  tube.  This  did  very 
well,  but  frequently  got  stuck  between  the  firebrick  and 
considerable  trouble  was  encountered  in  removing  it. 

Ke.xt  an  iron  point  was  made  partly  hollow,  for  light- 
ness, with  long  prongs,  to  extend  back  into  the  tube.  Be- 
tween these  prongs  a  pair  of  links,  attached  to  the  end 
of  a  bolt,  were  fitted,  which  extended  from  the  point 
through  a  nut  fitted  into  a  socket  between  the  horns,  as 
shown  in  Fig.  2.  By  tightening  the  bolt,  the  prongs  are 
made  to  tightly  grip  the  inside  of  the  tube,  which  pre- 
vents the  device  from  drawing  out  of  the  tube  end  if 
it  is  necessary  to  withdraw  the  tube  after  it  has  once 
been  entered. 

As  the  point  is  made  of  iron  it  will  not  give  or  become 
battered  by  the  brick  or  jagged  edges  of  the  iron  baffle- 
plates,  and  being  wedge-shaped  will,  with  light  driving, 
force  the  baffles  back  and  allow  the  tube  to  pass  between 
them.  When  the  tube  is  in  place  the  bolt  is  slackened 
and  the  point  removed  from  the  tube.  The  largest  diam- 
eter of  the  point  is  such  as  to  pass  through  the  hole  in 
the  header  and  to  protect  the  end  of  the  tube  from  be- 
ing bent  or  battered.    A  patent  has  been  applied  for. 

E.  A.  Cultra. 

Cambridge,  Mass. 

Revolving  Sleeve  for  Bearings 

Eecently  I  made  a  sleeve  bearing  or  bushing  grooved  on 
both  inside  and  outside  circumferences.  These  grooves  are 
to  distribute  the  lubricant  equally  on  all  the  surface  of  the 


Eevolting  Geooved  Sleeve  fok  Bearing.? 

bearing.  These  grooves  are  all  of  uniform  pitch  and  the 
work  was  done  in  a  common  lathe  with  a  turning  tool. 
It  might  be  interesting  to  some  and  of  benefit  to  others, 
who  might  want  to  use  such  a  sleeve  on  close-fitting  valve- 
stem  bearings  or  on  loose  pulleys.  On  any  high-speed  bear- 
ing it  is  exceptionally  good  and  ought  to  prevent  or  over- 
come serious  friction  troubles  and  losses. 

Thomas  H.  Delanet. 
New  Bedford,  Mass. 

Why  Does  the  Engine  Rock? 

Eecently  I  visited  an  engine  room  in  which  there  is  a 
pair  of  engines  which  have  been  in  operation  for  nearly 
30  years.  Both  engines  are  now  run  condensing,  and  are 
connected  to  the  same  shaft,  with  cranks  set  on  quarters 
or  90  deg.  apart.  A  peculiarity  of  the  outfit  is  the  dif- 
ference in  the  sizes  of  engines.  One  cylinder  is  16  in. 
in  diameter,  and  has  a  36-in.  stroke,  while  the  other  is  20 
in.  in  diameter  and  has  a  42-in.  stroke. 
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Both  are  supplied  from  the  same  steam  main  and  the 
pressure  carried  is  110  lb.,  the  speed  being  104  r.p.m., 
one  governor  controlling  both  sides  by  a  cross-shaft. 
While  the  smaller  engine  is  steady  and  shows  no  sign 
of  rocking  (a  nickel  standing  on  edge  indefinitely  on  the 
steam-chest  cover),  the  larger  one  has  an  end  motion  of 
at  least  %  in.  with  each  stroke.  In  the  small  cylinder 
the  feet  are  part  of  the  cylinder  casting,  on  the  larger 
one  the  feet  are  secured  to  the  cylinder  by  bolts.  These 
bolts  have  been  repeatedly  broken  as  a  result  of  the  rock- 
ing. The  foundation  is  a  brick  and  mortar  affair  with 
granite  blocks  under  the  cylinders,  governor  stand  and 
pillow  blocks,  and  shows  that  it  is  more  or  less  saturated 
with  oil.  The  average  indicated  load  on  the  small  engine 
is  85  lip.,  and  for  the  20-in.  side,  180  hp. 

Here  we  have  one  side  of  a  unit  with  a  stroke  of  36  in. 
and  the  other  with  a  stroke  of  43  in.,  which  makes  a 
piston  speed  of  624  ft.  for  one  and  728  ft.  for  the  other 
when  running  at  104  r.p.m. 

Both  engines  show  evidences  of  at  some  time  having 
received  more  water  than  was  good  for  them,  the  crank 
disk  on  the  small  one  being  considerably  out  of  true,  due 
to  a  sprung  shaft  end,  but  this  is  the  side  that  does  not 
rock. 

The  master  mechanic  informed  me  that  he  had  run  a 
line  through  the  cylinder  of  the  larger  engine,  and  that 
the  crankpin  center  showed  not  more  than  a  pencil  line 
out  from  the  head-end  center  to  the  crank  center.  Can 
readers  tell  why  the  other  engine  rocks  ? 

H.  E.  Low. 

Moosup,  Conn. 

Flywheel  Bolts  Stretch,  Due  to 
Centrifugal  Force 

The  main  driving  belt  on  a  450-hp.  cross-compound  Cor- 
liss engine  pulled  apart  when  running  under  full  load. 
The  engineer  who  was  about  100  ft.  away,  ran  to  the  en- 
gine and  shut  the  throttle  valve,  thus  bringing  the  engine 
to  a  stop. 

A  splice  was  made  in  the  belt,  which  was  two-ply. 
About  90  per  cent,  of  the  break  was  through  solid  stock 
and  about  10  per  cent,  through  one  portion  of  a  lap.  The 
engine  was  then  started.  After  running  at  speed  for  a 
few  moments  the  flywheel  rim  was  discovered  to  be  run- 
ning out  of  true.  After  shutting  down,  examination 
showed  that  every  bolt  holding  together  the  halves  of  the 
rim  was  sufficiently  loose  to  allow  the  nuts  to  be  turned 
by  hand.  These  nuts  were  tightened,  the  hub  bolts  tested 
and  found  to  be  tight,  and  the  engine  run  to  speed.  The 
flywheel  rim  then  ran  as  true  apparently  as  before  the 
accident. 

Nothing  was  discovered  before  or  after  the  accident  to 
indicate  that  the  governor  stop  did  not  act  to  check  the 
speed  of  the  engine  after  the  belt  liroke.  The  engineer 
concluded  that  the  speed  of  the  flywheel  had  begiin  to  de- 
crease before  he  •shut  off  steam. 

From  this  it  appears  that  either  the  flywheel-rim  bolts 
were  loose  before  the  belt  broke,  or  that  the  flywheel-rirri 
speed  after  the  belt  broke  was  sufficient  to  stretch  the 
|3olts,  due  to  the  centrifugal  force  of  the  rim. 

With  a  30-ft.  diameter,  cast-iron  flywheel,  it  would 
be  interesting  to  have  the  flywheel  designer  and  the  gov- 
ernor expert  hand  us  a  few  figures,  showing  how  long  be- 


fore the  flywheel  reaches  the  bursting  speed,  does  the 
governor  check  the  speed  of  the  wheel,  when  full  load  is 
instantly  thrown  off. 

Forrest  Allen. 
Cleveland,  Ohio. 

Emergency  Repair  to  Pump 

Water-hammer  in  an  air-bound  suction  pipe  caused  the 
metal  around  the  stuffing-box  of  a  7x634x8-in.  duplex 
service  pump  to  break,  as  shown  in  the  illustration.  The 
pump  was  hurriedly  repaired  as  follows : 

Two  lengths  of  %xi/^-in.  flat-iron  were  bent  into  straps 
to  go  aroimd  the  stuffing-box,  back  of  the  screw  gland. 
The  strap  is  shown  at  C.  Two  lengths  of  %-in.  square 
rod  flattened  at  one  end  and  drilled  so  as  to  receive  the 
bolts  that  passed  through  the  straps  were  then  secured. 
These  rods  were  a  trifle  longer  than  the  distance  between 
the  straps  and  the  water  end  of  the  pump,  and  were 
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How  Cracked  Head  of  Pump  Was  Repaired 

hinged,  being  free  to  move  in  or  out  from  the  pump  cas- 
ing. After  treating  the  break  with  red  lead  and  when 
the  two  %-in.  rods  were  swung  in  and  driven  against  the 
water  end  of  the  pump,  the  break  was  closed  so  tightly 
that  no  leakage  whatever  occurred.  The  pump  ran  in 
this  way  for  a  long  time  until  a  new  cylinder  was  ob- 
tained. 

John  Mc  A.  Howden. 
Melbourne,  Australia. 

Detector  for  Locating  Knocks  and 
Leaks 

A  convenient  means  of  detecting  the  flow  of  steam 
through  defective  steam  traps  is  l)y  the  use  of  an  old 
telephone  receiver.  The  wires  are  removed  and  a  y^-m. 
brass  or  steel  rod  about  6  in.  long  is  fastened  to  the  end 
of  the  U-shaped  magnet. 

To  detect  the  flow  of  steam  through  a  trap,  place  the 
rod  against  the  outlet  pipe  and  the  receiver  to  the  ear. 
By  this  means  I  recently  found  six  traps  discharging; 
steam  continuously.     The  flow  of  the  steam  could  not 
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1(0  ln'Mi-il   without    tlio  tclo])lionp  rcooivor,  owinj;   to   tlio 
iioiso  of  ttk'  surroimdinj;  inncliiiiorv. 

This  di'\  i.v  nlso  lociito.s  knocks  in  nn  on-iinc. 

Olovohnul.  Ohio.  .1.  E-  WAsiim-KM. 

Clearing  Tlu^iicd  Blovvoff  Pipes 

Whi'iv  n  luimlK'r  of  hoilors  iiro  oiu'h  coniu'ctetl  io  a 
common  iilowolT  nniin  or  trunk  piiu'  hy  short  loads  from 
tlic  nniil  (Inun  or  slioll.  iiml  one  of  Ihi'  loji(l.<  hocomcs 
phijisit'd.  tho  ohstnu'tion  may  ho  romovod  lus  follows: 

h'odiico  tho  prossuro  in  tlio  hoilor  hnvinj;  tho  alToctod 
load  to  alunit  15  or  iO  Ih.  holow  that  oarriod  hy  Hie  other 
hoilor.s.  Now  clo.so  tiio  valvo  in  tho  trunk  lino  at  tho 
outlet  ond.  and  opon  tho  hlowolT  valvo  in  tho  plus.iiod 
load.  Noxt  opon  tho  hlowolT  valvo  of  ono  of  the  hoilors 
carrying  tho  hijihor  jirossuro.  Tho  dilToronoe  of  pressure 
on  each  side  of  the  ohstruction  will  tend  to  hroak  it  up 
and  clear  the  line.  After  hoinj;  hrokon  it  will  us\ially 
pass  out  when  the  hlowotT  valvo  is  again  ojionod. 

Kail  Kiver.  Ma.<s.  Li  kk  M.\1!I1-i;. 

Automatic   Pump  Control 

While  engaged  in  installing  nuiohinory  in  a  hydro-elec- 
trio  plant  the  writer's  attention  was  drawn  to  a  novel 
device  in  I'onneotion  with  tho  steam-heating  system  of  tho 
plant.  The  jHuvor  house  was  huilt  to  permit  the  electrical 
niachinorv  hoinii  housed  well  above  tho  lush  tlood-wator 


Tho  chief  operator  evolved  the  following  scheme,  which 
has  now  boon  working  satisfactorily  for  sovcral  years:  Re- 


Fig.  1.  Float  .\Nn  Contacts 

mark,  which  noivssitated  the  vertical-shaft  typo  of  tur- 
bines and  a  height  between  the  basement  and  main  tloor 
of  about  M  ft. 

The  heating  boiler  was  located  upon  the  upper  floor, 
and  all  drainagx^  of  condensed  steam  from  the  heating 
system  was  returned  to  the  boiler  by  a  motor-driveii 
}>lungx^r  pump.  Tho  drainagx^  was  conveyed  to  a  tank 
fuMu  which  U\l  tho  pump  suction,  and  the  capacity  of  the 
pump  was  suoh  that  the  returns  inmld  be  handled  in 
about  one-third  the  time  it  tot^k  to  aecumulato  a  tank  full 
of  water.  This  made  an  automatic  stopping  and  starting 
deviiv  for  the  pump  desirable. 
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ferring  to  Fig.  1,  A  is  tho  receiving  tank,  containing  a 
float  F,  which  as  the  water  rises  and  falls  actuates  a  lever 
L,  swinging  about  the  fulcrum  P.  This  lever  carries  one- 
half  of  a  switch  i>'  which  controls  the  motor.  Tw^o  latches 
E  swing  about  the  fulcrums  C.  These  hold  the  switch 
in  "on"  or  "otf"  position,  until  the  buoyancy  of  the 
float  when  the  tank  is  filling,  or  its  weight  when  empty- 
ing, sufficiently  compresses  the  springs  BB  to  overcome 
the  slight  friction  of  the  latches  on  the  lever;  the  switch 
is  thus  thrown  in  or  out  decisively,  and  the  circuit  is 
made  or  broken.  Two  light  adjustable  springs  DD  suf- 
tico  to  hold  tho  latches  lightly  in  place  and  help  to  render 
the  device  sensitive.  The  device  was  made  by  Ira  John- 
son, of  Sioux  Falls,  South  Dakota. 

Keokuk,  Towa.  II.  R.  McDkumid. 

Leaky  Tubes  in  Vertical  Submerged 
Tubular  Boiler 

I  liave  had  considerable  tJouble  with  leaky  tubes  in 
vertical  subnierge<l  tubular  boilers  used  on  steam  shovels. 
After  many  times  retubiug  and  rolling  the  tubes  will 
not  remain  tight  more  than  two  weeks.  The  tube  sheet 
has  always  been  thorougidy  freed  of  all  foreign  matter 
before  retubing.  We  tried  gV-iu.  copper  ferrules  in  the 
firebox  end  of  the  tubes  with  little  improvement.  Clean- 
ing boilers  once  a  month,  the  average  scale  deposit  on 
the  tube  sheet  in  2400  hr.  operation  amounts  to  14  i^- 
thickness.  I  should  like  to  have  readers  of  PownR  sug- 
gest the  probable  cause  and  advise  a  remedy. 

Covington,  Ky.  F.  J.  Kkamer. 
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Aftercoolers   and  Separators 

The  note  by  E.  R.  Pearce  on  "Air-Eeeeiver  Explosions," 
in  the  Apr.  29  issue,  in  wliich  he  suggests  that  the  air 
shoukl  pass  through  oil  separators,  represents  good  prac- 
tice, as  far  as  it  goes.  I  would  advocate  the  use  of  an 
aftercooler  for  the  air  to  pass  through  first,  and  then  a 
separator.  Both  of  these  devices  may  be  said  to  cost  noth- 
ing to  operate,  unless  the  small  quantity  of  water  passed 
through  the  aftercooler  is  to  be  charged.  The  installa- 
tion cost  may  be  regarded  as  a  paying  investment  in  prac- 
tically every  case.  The  aftercooler  will  somewhat  reduce 
the  volume  of  air  to  be  conveyed  through  the  piping,  and 
it  will  condense  the  surplus  moisture  in  the  air,  so  that  it 
can  be  abstracted  by  the  separator,  as  well  as  the  oil.  It 
will  also  keep  the  temperature  of  the  air  so  low  that  spon- 
taneous ignition  in  the  receiver  and  piping  will  be  prac- 
tically impossible.  Both  aftercooler  and  separator  are 
]-cquisite  for  either  of  them  to  completely  accomplish  its 
work.  The  aftercooler  will  condense  the  moisture,  but 
will  not  abstract  much  of  it,  and  the  separator  will  not 
abstract  the  moisture  until  it  has  been  released  by  the 
cooling  of  the  air.  The  functions  of  aftercooling  and 
separating  might  be  combined  in  a  single  device,  but  it 
does  not  seem  to  have  been  done. 

It  may  be  worth  while  to  note  that  the  too  familiar  air- 
receiver  ignitions  and  explosions  are  impossible  when  the 
air  is  compressed  by  the  Taylor  hydraulic  compressor, 
the  Humphrey  pump,  or  a  centrifugal  or  turbo-compres- 
sor, because  none  of  these  put  any  oil  into  the  air.  For 
ordinary  working  pressures,  if  two-stage  compression  is 
employed,  with  an  aftercooler  and  separator,  these  pre- 
cautions may  be  considered  to  guarantee  immunity.  With 
a  rapidly  working  single-stage  compressor  delivering  the 
air  at  the  same  pressure,  without  aftercooler  or  separator, 
and  with  an  engineer  dispensing  oil  liberally,  the  guaran- 
tee would  be  reversed,  and  it  would  only  be  a  question  of 
time  as  to  when  something  would  happen. 

FitAXK  Richards. 

New  York  City. 

Home-Made  Oil  Burner 

There  are  many  patented  oil  burners  and  hundreds 
more  that  are  not  patented  and  every  engineer  in  this 
part  of  the  country  has  ideas  of  his  own  as  to  what  con- 
stitutes a  good  burner.  Following  are  directions  for 
making  a  burner  that  gives  very  good  results. 

Get  a  %x%xi/2-in-  tee,  12  in.  of  %-in.  pipe,  14  in.  of 
%-in.  pipe,  one  %-in.  cap  and  one  %-in.  elbow.  Thread 
the  %-in.  pipe  on  one  end  and  plug  the  other  end.  With 
a  hacksaw  cut  four,  six  or  eight  cuts  diagonally  across 
the  pipe,  the  number  of  cuts  being  governed  by  the 
amount  of  work  required  of  the  burner.  Xow  drill  a 
i^niall  hole  in  the  end  of  the  plug  like  a  miniature  nozzle, 
dress  the  pipe  over  the  saw  cuts  with  a  file  and  if  any 
rough  cuts  have  been  made,  peen  them  even  to  make 
a  flat  jet  of  steam  from  each  cut  strike  the  oil.     Screw 


this  pipe  into  the  tee  through  the  %-in.  end  and  let  it 
come  through  far  enough  to  screw  on  the  %-in.  elbow. 
Xow  screw  the  %-in.  pipe  into  the  tee  outside  the  %-in. 
pipe  and  get  the  %-in.  pipe  in  the  center  of  the  larger 
one. 

Cut  an  opening  in  the  %-in.  cap  with  a  saw,  the  size 
of  the  opening  to  be  governed  by  the  amount  of  fire 
needed.  For  a  small  boiler,  a  coarse  saw  cut  is  sufficient 
with  four  cuts  in  the  mixer,  for  a  large  boiler  make  more 
cuts  in  the  mixer  and  a  larger  opening  in  the  cap.  Use  a 
needle  valve  on  the  oil-admission  pipe  and  let  the  oil  to 
the  burner  under  40  or  50  lb.  pressure  and  at  about  140 
deg.  F. 

Insert  the  burner  through  the  fire-doors  about  the  cen- 
ter of  the  firebox  and  do  not  let  the  blaze  strike  the  boiler. 
Keep  a  bright  incandescent  fire  by  giving  the  proper 
amount  of  steam  and  oil  and  keep  the  stack  damper  asi 
nearly  closed  as  possible.    Keep  the  ashpit  dampers  4  to 


%  Pipe,  Hack-ian Cui 

J,  Hack-son  Cuts 
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2  Oil  Inlet 

Details  of  Oil  Burxeh 


6  in.  open,  just  so  quite  a  draft  of  air  can  be  felt  going 
into  the  pit. 

An  evaporation  of  13.8  lb.  of  water  to  1  lb.  of  oil  has 
been  attained  with  installations  equipped  with  this 
burner. 

J.  E.  Pelton. 

Portland,   Ore. 

Algae  in  Water 

Noting  the  inquiry  in  Power  for  May  6,  1913,  as  to 
killing  algae  in  water,  the  usually  accepted  method  is  to 
treat  the  water  with  copper  sulphate,  only  about  one  part 
of  which  is  required  to  sterilize  4,000,000  to  5,000,000 
parts  of  water.  Water  so  treated  seems  to  be  innocuous 
as  far  as  drinking  is  concerned,  or  for  laundry  and  similar 
industrial  purposes.  It  will  not  do  for  irrigation,  as  it 
kills  vegetation,  just  as  it  does  the  algae. 

For  boiler  purposes,  I  do  not  know  how  it  would  be, 
but  I  saw  some  water  carrying  several  hundredths  of  a 
per  cent,  of  copper  sulphate  once  used  in  several  water- 
tube  boilers  with  great  profit  to  the  tube  makers.  The 
iron  of  the  boiler  tubes  cemented  out  the  copper  and 
then  let  go.  Pending  reports  from  a  reader  who  has  used 
copper-sulphate  treated  water  in  boilers,  it  might  be  well 
to  treat  the  water  in  turn  to  get  rid  of  copper  stilphate; 
lime  and  soda-ash  treatment  should  be  effective. 

DOXALD    M.    LiDDELL. 

Elizabeth,  N.  J. 
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Pressure  in  Standpipe 

On  page  723  of  the  May  20  issue  under  "Inquiries  of 
General  Interest,"  is  the  problem  of  the  vacuum  gages 
on  the  closed  standpipe. 

The  diagram  given  shows  the  absolute  pressures  all 
right,  but  vacuum  gages  would  read  difference  of  pres- 
sure below  atmosphere  and  the  text  distinctly  says,  "this 
would  be  the  reading ,"  etc.  This  I  fear  is  mislead- 
ing and  gives  the  wrong  idea,  for  I  liad  to  think  it  over 
some  to  get  it  straight. 

S.  B.  Eedfield. 

Phillipsburg,  N.  J. 

[It  is  customary  in  scientific  computations,  to  avoid 
confusion,  to  use  absolute  pressures,  which  was  our  rea- 
son for  so  doing  in  exi)laining  the  gage  problem.  Gages 
lire  made  which  read  that  way,  but  commercial  vacuum 
gages  generally  read  as  our  critic  indicates,  i.e.,  in  inches 
of  mercury  or  pounds  per  square  inch  below  atmospheric 
pressure.  The  following  table  gives  the  readings  in  all 
the  different  ways: 

Pressure  Absolute  Vacuum  below  Atmosphere 

Gage        Ft.  Water  Lb.  In.  Mer.     Ft.  Water  Lb.  In.  Mer. 
First 
Condition 

A     .       ..              19                 8  23  16.78  15  6.5  13.25 

B                           24  10.39  21.1!)             10  4.33  8.83 

C'.'.'.'.'.'.'.'...          29  12.56  25.61               5  2.17  4.42 

Second 
Condition 
A  24  10  39  21   19  10  4.33  8  83 

B 24  10  39  21.19  10  4.33  8.83 

C'.'.'...'.....         29  12.56  25.61  5  2.17  4.42 

— Editor.] 

Water-Tube  Versus  Fire-Tube  Boilers 

In  the  May  6  issue,  F.  W.  Dean  deals  some  severe 
blows  to  the  water-tube  boiler  as  a  steam  generator  for 
textile  mill  plants.  He  also  mentions  two  disadvantages 
in  using  them,  namely:  They  are  more  expensive  to 
operate  and  they  are  more  dangerous. 

In  regard  to  the  cost  of  operation,  I  fiiid  that  out  of  15 
tests  each  on  water-tube  and  return-tubular  boilers, 
the  best  record  for  evaporation  on  any  of  the  return- 
tubular  boilers  was  exceeded  in  several  instances  by  the 
'ffater-tube  type.  These  tests  were  made  under  good  con; 
ditions,  but  let  us  consider  the  average  conditions  under 
which  textile  mill  plants  may  be  run,  for  the  boilers  are 
not  always  kept  up  in  the  best  condition  and  especially 
is  this  so  if  the  feed  water  is  of  poor  quality. 

In  any  type  of  fire-tube  boiler  using  water  containing 
I'cale  in  solution,  when  the  scale  has  accumulated  on 
the  surfaces  of  the  tubes  it  is  difficult  to  get  at  it  ex- 
cept on  the  tubes  that  are  nearest  the  point  where  a  man 
can  get  in  to  work.  In  the  large  vertical  boiler  there 
are  no  manholes  so  that  everything  must  be  done  from 
the  handholes,  and  any  engineer  knows  how  difficult  this 
is  when  the  scale  has  gathered  in  the  central  part  some 
distance  above  the  lower  tube  sheet. 

In  a  water-tube  boiler  of  the  horizontal-drum  type  with 
inclined  tubes,  every  part  of  the  water  surface  can  be 
seen,  so  that  it  can  be  carefully  examined  and  is  acces- 
sible for  cleaning.  Thus  when  the  water-tube  boiler  is 
finished  it  is  known  with  certainty  that  it  is  in  good 
shape.  The  extra  labor  of  taking  off  and  putting  on 
handhole  covers  is  well  repaid  by  the  higher  rate  of 
evaporation   due  to  the  absence  of  scale.     In   the  fire- 


tube  type  it  is  largely  guesswork  as  to  the  degree  ni 
cleanliness   attained. 

As  to  the  accumulation  of  soot,  the  fire-tube  can  Ih' 
allowed  to  run  so  long  that  it  will  be  plugged  solid  anil 
the  gases  cannot  get  through.  Such  a  condition  could 
not  prevail  in  a  water-tube  boiler,  for  after  the  soot  lin.l 
accumulated  to  a  certain  depth  on  top  of  the  tube  it 
would  begin  to  roll  off.  The  under  side  of  the  tube  will 
remain  fairly  free  from  soot  indefinitely. 

The  amount  of  heating  surface  taken  up  by  a  set  of 
vertical  baffles  is  so  little  that  it  can  safely  be  neglected 
when  it  is  considered  that  the  water-tube  boiler  has 
superior  steaming  qualities.  The  side  openings  in  some 
boilers  can  be  kept  as  tight  as  the  back  arch  connec- 
tion on  return-tubular  boilers,  and  one  prominent  make 
of  boiler  does  not  have  these  openings  at  all.  In  the 
vertical  fire-tube  boiler  with  the  furnace  all  enclosed  by 
water  surface  the  combustion  is  not  as  good  as  in  the 
brick-lined  furnaces  which  retain  the  heat  and  do  not 
chill  the  gases. 

In  regard  to  the  number  of  accidents,  Mr.  Dean  would 
probably  find  extenuating  circumstances  in  most  of  the 
explosions.  There  are  many  types  of  water-tube  boilers 
on  the  market  and  it  is  possible  that  some  of  them  are 
not  all  that  they  should  be,  but  there  are  some  that  have 
had  years  of  hard  service  in  all  kinds  of  plants  and  these 
should  be  used  as  guides  when  a  comparison  is  made  with 
the  return-tubular  boiler. 

The  statement  is  also  made  that  in  the  water-tube 
boiler  the  tubes  are  expanded  into  the  drums.  This  is 
not  true  in  all  cases.  In  the  Stirling  boiler  the  tubes 
are  expanded  into  the  drums  but  the  sheet  is  thick  so 
that  it  can  easily  stand  the  strain.  The  expansion  is 
compensated  for  by  the  tubes.  In  the  Babcock  &  Wilcox 
boiler  there  are  nipples  expanded  into  a  throat  sheet 
which  has  unusual  strength.  The  long  service  of  some 
of  these  boilers  has  not  disclosed  a  weakness  in  that 
feature   of   their   construction. 

In  the  water-tube  boiler  there  is  no  uncertainty  about 
the  condition  of  the  blowoff  pipe,  for  it  is  outside  of  the 
setting  instead  of  in  the  direct  heat  of  the  gases.  The 
shells  of  water-tube  boilers  are  up  high,  away  from 
the  hottest  gases,  so  that  they  are  not  under  excessive 
strain,  and  by  reason  of  their  convex  heads  and  small 
diameter  they  need  no  staying.  The  plates  are  thinner 
and  in  the  best  makes  they  are  made  up  with  butt  joints. 
The  tubes  have  the  hardest  service,  but  when  they  are 
worn  out  and  a  new  set  becomes  necessary,  the  boiler  is 
nearly  as  good  as  ever,  for  it  is  capable  of  withstanding 
the  original  pressure.  In  the  return-tubular  boiler  after 
the  shell  has  deteriorated  the  pressure  must  be  gradually 
reduced  until  the  boiler  is  discarded. 

Mr.  Dean  favors  the  use  of  large  units  of  400  or  500 
hp. ;  but  there  are  few  if  any  shell  boilers  that  will  de- 
velop that  power  at  their  normal  rating  while  such  sizes 
are  common  among  water-tube  boilers.  To  raise  the 
horsepower  of  the  shell  boiler  it  is  necessary  to  increase 
the  diameter  of  the  shell,  while  with  the  water-tube  type 
more  tubes  and  more  drums  can  be  added,  and  this  does 
not  affect  the  factor  of  safety  at  all. 

It  is  my  opinion  that  any  textile  mill  can  get  as  good, 
and  in  most  cases  better,  service  from  the  water-tube 
boiler  than  from  any  other  tj'p)e. 

East  Dedham,  Mass.  G.  H.  Kimball. 
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Heated    Eccentric — It    an    eccentric    and    strap    should    run 
not  what  should   be  done   to  fix  them   so  as   to   run  agrain? 

H.    L.    R. 
The  eccentric  halves   should   be   parted   and   shims   inserted. 


Amount  of  Compression — Should  a  tandem-compound  con- 
densing engine  be  given  as  much  compression  as  a  cross- 
compound  condensing  ens'ine? 

E.   P. 

For  smooth  running  a  tandem-compound  condensing  en- 
gine should  be  given  compression  the  same  as  a  simple  non- 
condensing  engine:  but  in  cross-compound  condensing  en- 
gines only  enough  compression  is  given  to  distribute  the 
steam  and  operate   the  valve  properly. 


Pumping  Height — To  what  height  can  a  pump  force  water 
If  the  steam  cylinder  is  S  in.  in  diameter,  the  water  cylinder 
5   in.   in  diameter  and  the   steam   pressure    SO   lb.? 

H.    L.    R. 
Neglecting   friction  the  pump   would   exert 
8X8  64 

=    —    =    2.56 

5X5  25 

times  as  much  pressure  per  square  inch  in  the  water  cylinder 
as  would  be  exerted  on  the  steam  piston.  Therefore,  if  the 
Bteam  pressure  Is  80  lb.  per  sq.tn.  the  pressure  developed  in 
the  water  cylinder  might  be 

2.56     X    80    =    204.80    lb.    per    sq.in. 
As   1   lb.   pressure   of  water   is   equivalent   to   the   pressure   due 
to   a  head   of   2.309    ft.,    then    204.80   lb.    per   sq.in.   In   the   water 
cylinder    of   the    pump    would    raise    the    water 
204.80    X    2.309    =    472.88    ft. 


Hammering  In  Pump  Discharge — How  can  water  or  air 
hammering  in  the  discharge  pipe  of  a  cold-water  pump  be 
stopped? 

C.  G.   O. 

Usually  by  connecting  an  air  chamber  on  the  line  near  the 
pump.  This  should  have  a  volume  of  at  least  three  times  that 
5f  the  water  cylinder  of  the  pump.  The  air  chamber  may  be 
m  ordinary  pump  air  chamber,  or  may  be  made  of  a  piece  of 
arge  pipe  set  up  vertically.  The  connection  of  the  air  cham- 
ber to  the  main  discharge  pipe  should  be  the  same  size  as 
;he  latter,  and  should  have  a  stop  valve.  The  air  chamber 
should  have  a  pet-cock  on  top  and  one  near  the  bottom  for 
;esting  whether  there  is  any  air  cushion  present.  Any  time 
t  is  found  to  have  disappeared  the  main  stop  valve  should 
3e  closed,  the  lower  pet-cock  opened  for  draining  the  air 
;hamber  and  the  upper  air  cock   opened   to  admit  air. 


Plston-Rod  Displacement  Allo>vance — What  allowance  or 
correction  Is  usually  made  for  the  volume  of  the  piston  rod 
n   the   crank   side   of   the   cylinder   of  a   steam   engine? 

E.  P. 

There  is  no  need  to  make  any  allowance  for  the  cylinder 
space  taken  up  by  the  piston  rod,  nor  to  take  account  of  the 
jiston-rod's  reduction  of  the  effective  area  on  the  crank  side 
)f  the  piston,  for  piston  rods  usually  are  only  one-sixth  the 
iiameter  of  the  piston  This  means  that  they  reduce  the  pis- 
on  area  only  i/;i„,  which  is  less  than  3  per  cent.,  and  for  all 
>rdinary  considerations  ot  steam  distribution  the  space  taken 
ip  by  the  piston  rod  may  be  neglected.  On  very  large  en- 
gines when  the  size  of  rods  is  considerable,  allowance  is  usu- 
illy  made  by  causing  a  higher  mean  effective  pressure  on  the 
)iston-rod  side  so  as  to  obtain  equal  power  in  both  ends  of 
he  cylinder.  This  is  accomplished  by  adjusting  the  valve 
rear  so  as  to  obtain  a  later  cutoff  on  the  crank  end  or  an 
■arlier  one  on  the  head  end. 

Compound  Knglne  Cylinder  Proportions — What  are  the 
■ight  proportions  for  the  cylinders  of  compound,  triple-ex- 
)ansion  and  quadruple-expansion  engines? 

H.  L.  R. 

Authorities  differ  as  to  the  best  proportions  for  the  vol- 
imes  of  the  high-  and  low-pressure  cylinders  of  a  compound- 
:ngine,  varying  from  1:3  to  1:5.  In  triple-expansion  engines 
ind   quadruple-expansion   engines   the   same   is  true.     A   com- 


mon rule  for  a  triple-expansion  engine  is  to  design  the  low- 
pressure  large  enough  to  furnish  the  entire  power  required 
at  the  mean  pressure  due  to  the  initial  pressure  and  the 
expansion  ratio  given.  Then  this  cylinder  is  given  only  pres- 
sure enough  to  perform  one-third  of  the  work  and  the  other 
cylinders  are  so  proportioned  as  to  divide  the  other  two-thirds 
between  them.  In  quadruple-expansion  engines  the  ratios  of 
cylinders  for  very  best  economy  vary  for  different  initial 
pressures  and  vacuums  so  that  different  designers  will  nat- 
urally vary  in  their  opinions  with  respect  to  proportions. 
Quadruple-expansion  engines  intended  to  be  operated  at  a 
pressure  of  ISO  lb.  per  sq.in.  are  given  cylinder  ratios  of  about 
1:  2:  4:  8. 


Determining  Chimney  Sixe — What  rule  may  be  used  to  find 
the  size  of  chimney  required  for  a  given  horsepower  capacity 
of   boilers? 

J.   P. 

If  the  boiler  horsepower  is  given  and  the  chimney  height 
(H)  assumed,  the  effective  area  (E),  in  square  feet,  may  be 
found   by   the  formula 


E   = 


0.3   Up. 


V  H 

For  round  chimneys  the  actual  diameter  should  be  the 
diameter  of  the  effective  area  plus  4  in.  and  for  square  chim- 
neys each  side  should  be  the  side  of  a  square  of  an  area  equal 
to  the  effective  area  (i.e.,  the  square  root  of  the  effective  area) 
plus  4  in. 

As  an  example,  suppose  it  is  required  to  find  the  diameter 
of  a  round  stack,  81  ft.  high,  which  would  be  suitable  for  100 
hp.     Substituting  the  values, 

(0.3  X  100) 

E    —   — - —   =    3.33   sq.ft. 

V  SI 
or 

3.33    X    144    =    479.52   sq.rn. 
which    is    the   area   of  a    circle    of   about    24%    In.    In   diameter. 
Therefore,    the    actual    diameter   should    be 
24.75    +    4    =    28.75  In. 


Suetion-Pipe  Plow — What  is  the  maximum  amount  of  wa- 
ter in  V.  S.  gallons  per  minute,  that  can  be  raised  by  a  vacuum 
at  sea  level  through  a   1^-in.   pipe? 

A.  P.  S. 
This  will  depend  on  the  roughness  and  length  of  the  pipe 
and  the  perfection  of  the  vacuum.  With  a  perfect  vacuum  a 
rate  of  flow  would  be  created  equal  to  one  corresponding  to 
a  head  of  34  ft.,  but  an  ordinary  good  pump  with  tight  con- 
nections could  not  be  depended  upon  to  exceed  an  equivalent 
of  about  25   ft.   of  head. 

The  flow  of  water  taking  place  under  various  heads  and 
for  various  lengths  of  wrought-lron  pipe  Is  treated  of  in  an 
article  "Flow  of  Water  in  Pipes  and  Plumes,"  in  "Power," 
Nov.   10,    1908,   pages   775  to   780. 

From   diagrams   in   this  article,   assuming   the   suction   pipe 
to  be   10  ft.  long,   it  may  be  found  that  for  a  total   head  of  34 
ft.    the    pipe   friction    would    be   about 
200 

X    10    =    20   ft.  loss  of  head 

100 
Velocity  head  =  10    ft. 
and 

Entrance  head  =     4    ft. 


Total  =    34  ft.  head 

and   the  discharge   about   75    gal.  per   min. 

With   a   vacuum    equal    to   about   25    ft.,     the 
would   be   about 

60 

X   10   =    16   ft.  loss  of  head 

100 
Velocity   head  =      6   ft.   and 

Entrance  head  =      3  ft. 


pipe    friction 


Total  =    25-ft.    head 

and   the  discharge  would   be  about  65  gal.   per  mIn. 
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Making  a  Flue-Gas  Analysis — Part  III 

LoAUiNO  ArrAiLViTs 

The  correct  amount  of  chcmii'al  must  be  put  into  eacli 
pipette  or  otherwise  the  apparatus  will  uol  work  well. 
Remove  the  jjooseneck  from  the  roar  le<j  of  the  pipette  and 
add  the  chemical  through  the  glass  funnel  until  the  two 
legs  are  slightly  more  than  half  full.  In  order  that 
the  liquid  may  rise  equally  iu  both  legs  the  stop  cock  in 
the  front  connection  must  be  open  and  also  the  three-w^ay 
cock  P  in  the  header  (shown  in  Fig.  1,  repeated  from  last 
lesson)  must  be  open  to  the  atmosphere.  After  you  have 
filled  one  pipette  /,  for  instance,  tested  it  and  found  it 
to  contain  the  proper  quantity  of  liquid,  it  -is  an  easy 
matter  to  get  the  other  two  correct  simply  by  filling  them 
to  the  same  level. 

To  test  whether  pipette  J  contains  the  right  quantity 
of  liquid,  fill  the  leveling  bottle  1  about  two-thirds  full 


Fio.  1.  Diagram  for  Assembling  Orsat 

of  water,  first  closing  the  pinch  cock  B.  See  that  all  the 
glass  cocks  connecting  with  the  header  are  closed  except 
cock  Q,  which  must  remain  open.  Now,  raise  the  leveling 
bottle  and  place  it  on  top  of  the  cabinet  as  at  /'.  Then, 
press  the  buttons  of  the  pinch  cock  R  until  the  water  be- 
gins to  rise  in  the  burette.  This  places  the  air  trapped 
above  the  -water, in  the  burette  and  iu  the  header  under  a 
slight  pressure  and  as  the  stop  cock  Q  is  open  this  pres- 
sure is  communicated  to  the  front  leg  of  the  pipette  J, 
driving  the  liquid  down  in  this  leg  and  up  in  the  back 
leg.  By  regulating  the  pressure  of  your  fingers  on  the 
pinch  cock  R  you  can  control  the  flow  very  nicely.  If  the 
pipette  contains  the  correct  amount  of  liquid,  by  the  time 
the  liquid  has  gone  down  in  the  front  leg  to  the  point 


where  the  body  part  begins  to  narrow  into  the  bottom-con- 
necting tube,  the  liquid  in  the  back  leg  will  have  risen  to 
the  point  where  the  body  part  begins  to  narrow  into  the 
nock  at  the  top. 

If  too  much  liquid  has  been  put  into  the  pipette,  the 
back  leg  will  be  full  or  overflowing  before  the  front  leg 
has  ijoen  emptied  to  the  point  mentioned  in  the  preceding 
paragraph,  and  some  of  the  liquid  will  have  to  be  re- 
moved. If  not  enough  liquid  has  been  put  in,  air  w^ill 
force  its  way  through  the  bottom  connection  and  bubble 
up  through  the  liquid  iu  the  back  leg.  To  prevent  this, 
more  liquid  must  be  added. 

Emptying  Pipettes 

After  the  apparatus  has  been  used  for  some  time,  the 
chemicals  become  weak  and  must  be  renewed.  A  con- 
venient way  of  emptying  a  pipette  is  to  fill  a  short  length 
of  rubber  tubing  (about  3  ft.  long)  with  water,  and  'while 
holding  your  finger  over  one  end,  to  prevent  the  water 
from  running  out,  put  the  other  end  into  the  back  leg  of 
the  pipette.  Then,  lower  the  free  end  into  a  sink  or  basin 
so  that  this  end  is  somew'hat  below  the  other  and  release 
your  finger,  when  the  liquid  will  all  siphon  out  of  the 
pipette. 

Preparing  for  an  Analysis 

After  all  three  pipettes  have  been  properly  filled  and] 
tested  the  apparatus  is  almost  ready  for  making  analyses. 
Before  it  is  quite  ready,  however,  the  liquid  in  each 
pipette  must  be  drawn  up  into  the  front  leg  until  this 
leg  is  full  to  the  fine  black  ring,  which  will  be  found 
around  the  neck  at  S. 

To  do  this  in  the  ease  of  pipette  J,  notice  whether  the 
water  level  in  the  burette  D  is  near  the  top.  If  it  is  not, 
close  all  the  header-connection  cocks  except  the  three- 
way  cock  P,  which  must  be  open.  Then,  raise  the  leveling 
bottle  to  /'  and  allow  the  water  level  to  rise  in  the  burette 
by  opening  the  pinch  cock  R.  When  the  water  level  in 
the  burette  is  right,  close  the  three-way  cock  and  open 
stop-cock  Q.  Lower  the  leveling  bottle  to  the  table  and 
by  releasing  pinch  cock  R  allow  the  water  in  the  burette 
to  run  back  into  the  bottle;  while  doing  do,  watch  the 
liquid  rise  in  the  front  leg  of  -7.  When  this  is  near  the 
top,  proceed  very  slowly  and  carefully  as  the  necks  M 
(made  of  what  is  known  as  capillary  tubing)  have  a  very 
fine  bore,  and  if  you  allow  the  liquid  to  rise  too  rapidly 
when  near  the  top,  there  is  considerable  danger  tliat  it 
will  shoot  up  into  the  header  and  over  into  the  burette 
before  you  can  check  it.  Wliile  this  will  do  no  harm 
when  practicing  with  water,  it  is  undesirable  when  deal- 
ing with  the  chemicals,  as  it  makes  the  water  in  the 
burette  more  or  less  capable  of  absorbing  the  flue  gases, 
thus  causing  error,  and  it  reduces  the  quantity  of  liquid 
in  the  pipette  so  that  trouble  may  arise  in  this  direction 
also. 

The  proceeding  for  bringing  the  liquid  in  pipettes  E 
and  L  up  to  the  mark  is  exactly  the  same  as  for  pipette 
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',  only,  wliile  doing  so,  it  is  advisable  to  remove  the  goose- 
ecks  with  the  rul)ber  bags  attaohed,  from  the  month  of 
he  back  legs,  for  unless  there  ha])pens  to  be  enough  air 
In  these  bags,  a  vacuum  may  be  formed  over  the  liquid 
u  the  back  leg,  thereby  preventing  it  from  coming  fully 
ip  to  the  mark  in  the  front  leg  as  it  should.     As  soon 
IS  the  liquid  has  been  brought  up  to  the  mark,  replace 
he  goosenecks  and  rubber  bags  to  prevent  further  con- 
act  with  the  outside  air.     When  dealing  with  the  chem- 
icals, the  air  that  it  trapped  in  tne  Ijack  leg  of  7s.'  and  L 
will  lose  its  oxygen,  and,  hence,  shrink  in  volume  so  that 
a  slight  vacuum  will  be  formed.     When  this  noticeably 
[interferes  with  the  operation  of  the  apparatus,  remove  the 
gooseneck  for  an  instant  to  let  in  a  little  more  air.     Be 
sure  to  do  this,  however,  when  the  liquid  is  up  to  the 
mark  in  the  front  leg  or  when  the  gas  bag  is  perfectly 
flat  or  emjjty,  as  otherwise,  instead  of  letting  more  air 
into  the  system,  you  will  really  let  some  out  and  cause 
a  worse  vacuum  than  ever. 

A  better  way  to  avoid  trouble  from  the  formation  of  a 
vacuum  is  to  force  a  little  excess  air  into  the  bag  by 
blowing  into  it  with  your  mouth,  then,  pinching  the  neck 
to  hold  the  air  in  until  the  connection  is  made.  It  is 
well  to  take  precaution,  however,  when  doing  this,  and  be 
sure  that  there  is  none  of  the  chemical  on  the  end  you 
put  to  your  lips,  as  otherwise  you  may  burn  yourself. 

With  the  liquid  in  all  pipettes  properly  adjusted,  an 
analysis  can  now  be  made.  That  is,  we  can  go  through 
the  motions  of  making  an  analysis.  Later,  wlien  more 
practice  has  been  gained,  we  will  load  with  the  proper 
chemicals  and  after  making  suitable  arrangements  for 
obtaining  a  sample  of  the  flue  gases,  we  will  be  prepared 
for  actual  work. 

Size  of  Sample 

For  the  present,  assume  that  the  filter  0  is  connected 
with  the  supply  of  gas.  Our  sample  will  consist  of  100 
c.e.  of  flue  gas  at  atmospheric  pressure  and  at  the  tem- 
perature of  the  ordinary  room  air. 

At  its  lower  part,  where  all  our  readings  will  be  taken, 
the  burette  is  graduated  in  cubic  centimeters  with  a  sub- 
division for  each  0.8  of  a  cubic  centimeter.  Thus,  the 
figures  of  the  scale  read  direct  in  per  cents,  and  decimal 
fractions  of  a  per  cent. 

A  cubic  centimeter  is  another  French  or  metric  unit 
employed  because  of  its  great  convenience,  like  the  gram, 
decigram  and  milligram  in  our  proximate  coal  analysis. 
The  metric  luiits  of  length,  corresponding  with  inches, 
feet  and  yards,  are  the  centimeter,  decimeter  and  meter. 
Consequently,  the  units  of  volume  are  the  cubic  centi- 
meter, cubic  decimeter  and  cubic  meter.  Do  not  fall  into 
the  mistake,  however,  of  assuming  that  100  c.c.  equals 
one  cubic  meter,  for  they  do  not — no  more  than  18  cu.in. 
equal  one  cubic  foot.  At  the  bottom  of  the  scale  on  the 
Orsat  burette  you  will  find  the  letters  c.c,  which  is  the 
standard  abbreviation  for  cubic  centimeter. 

Effect  of  Temperature  and  Pressure 

You  may  have  noticed  that  I  specified  that  our  gas  sam- 
ple was  to  be  at  a  certain  pressure  and  temperature.  This 
is  because  the  volume  of  a  gas  is  greatly  influenced  l)y 
?hanges  in  pressure  and  temperature.  Hence,  we  must 
3e  careful  to  have  conditions  uniform  throughout  an  an- 
alysis, or  error  will  result.     It  is  advisable  for  best  re- 


sults to  locate  the  apiiaratus  where  no  drafts  will  blow  on 
it  and  where  the  temperature  of  the  air  does  not  change 
rapidly. 

To  illustrate  how  important  an  influence  temperature 
and  pressure  have,  two  simple  experiments  can  be  made 
with  your  Orsat. 

To  show  the  effects  of  change  in  temperature,  locate 
the  apparatus  in  a  warm  spot  and  allow  it  to  remain 
there  for  about  an  hour,  until  the  glass  work  and  the 
water  come  up  to  the  temperature  of  the  air.  Then,  with 
all  cocks  closed  except  P,  which  must  be  open,  slowly 
raise  or  lower  the  leveling  bottle,  using  the  side  of  the 
cabinet  as  a  guide,  until  the  water  level  in  the  burette  D 
is  exactly  on  the  zero  mark,  while  at  the  same  time  the 
water  level  in  the  bottle  is  at  the  same  height  as  the  water 
level  in  the  burette,  as  shown  by  the  position  of  the  bottle 
at  /".  Then,  using  care  not  to  change  the  level  of  tlie 
bottle,  close  cock  P.  To  make  sure  that  no  mistake  has 
been  made  while  closing  the  cock  P,  check  the  water  levels 
once  more  by  noting  whether  both  are  at  the  level  of  the 
zero  mark.  If  not,  and  if  they  cannot  be  brought  right 
by  a  slight  raising  or  lowering  of  the  bottle,  open  the 
cock  P  and  start  all  over  again. 

Having  thus  succeeded  in  getting  the  correct  quantity 
of  warm  air  into  the  burette,  place  the  leveling  bottle  in 
its  cleat  within  the  cabinet  at  /'"  and  shift  the  apparatus 
to  some  spot  where  the  temperature  is  10  or  1.5  deg. 
cooler.  After  about  an  hour's  time,  test  the  water  level 
again  (without  opening  cock  P)  by  slowly  raising  and 
lowering  the  leveling  bottle  at  the  side  of  the  cabinet  un- 
til the  level  in  the  bottle  is  the  same  as  the  level  in  the 
burette.  This  new  level  will  be  considerably  above  the 
zero  mark,  showing  that  the  reduction  in  temperature 
caused  the  volume  of  the  air  in  the  burette  to  shrink.  A 
reduction  in  temperature  of  10  dcg.  means  a  reduction  in 
volume  of  about  1.8  per  cent. 

To  show  the  effect  of  change  in  pressure,  open  cock  /' 
and  by  raising  or  lowering  the  leveling  bottle,  draw  in 
enough  air  to  bring  the  water  level  to  about  the  10  per 
cent.  mark.  Close  cock  P  and  make  an  accurate  reading 
by  raising  or  lowering  the  bottle  until  the  water  level  is 
the  same  in  the  bottle  and  in  the  burette.  Now,  if  you 
raise  the  bottle,  say,  to  position  /',  the  water  level  in  the 
burette  will  rise  almost  to  the  14  per  cent.  mark.  This 
shows  that  the  tendency  of  the  water  in  the  bottle  to  flow 
into  the  burette  and  seek  its  own  level  has  put  an  in- 
crease of  pressure  on  the  air  trapped  in  the  burette  and, 
hence,  has  reduced  its  volume  by  compression. 

Manipulation  of  Three- Wat  Cock 

Thus  far,  I  have  said  nothing  about  the  manipulation 
of  the  tlircc-way  cock  P.    Its  correct  nuinipulation  is  very 
important    when    making 
an    actual    analysis,    and 
as   a    poor    understanding 
of     luiw     it     should     be 
handled    would    undoubt- 
edly lead  to  confusion  and 
inaccuracy    in    results,    it 
is  worth  devoting  a  para- 
graph   at    this    point    to 
this     important     part    of 
the  machine. 
Fig.  4  is  a  diagram  of  the  three-way  cock  connection. 
The  straight-run  passage  XY  is  parallel  with  the  iiandle 


Fig.  4.  Diagram  of 
Three-Way  Cock 
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of  the  cock  aud  the  branch  connection  Z  is  on  the  same 
side  as  a  dark  dot  found  on  the  handle.  In  the  position 
shown  in  Fig.  4  (in  which  position  the  handle  would  be 
horizontal  and  the  dot  would  be  facing  down)  the  gas 
supply,  the  outside  air  and  the  burette,  would  all  be  con- 
nected. 

In  the  reverse  position  (with  handle  horizontal  aud 
dot  facing  up)  only  the  gas  supply  and  the  burette  would 
be  connected.  With  the  handle  in  a  vortical  position  and 
the  dot  facing  to  the  loft  the  gas  supply  and  the  outside 
air  would  be  connected.  With  the  handle  vortical  and  the 
dot  to  the  right,  the  burette  and  the  air  would  be  con- 
nected. With  the  handle  in  any  45-dcg.  position  no  con- 
nections would  be  open.  In  the  ne.xt  lesson  the  instruc- 
tions for  setting  up  will  be  continued  and  the  tests  for 
oxygen,  carbon  monoxide  and  carbon  dioxide  explained. 

Repairing  a  Broken  Cylinder 

By  W.  H.  Wakem.vx 

The  cylinder  of  a  Corliss  engine  was  broken  in  some 
unknown  way,  near  the  head-end  exhaust  port,  as  shown 
by  the  irregular  diagonal  line.  The  internal  diameter  of 
this  cylinder  was  14  in.,  but  the  engine  carried  only  a 
light  load,  hence  it  was  practicable  to  repair  the  damage 
by  inserting  a  cast-iron  bushing  1  in.  thick,  thus  reducing 
the  diameter  to  12  in.    The  stroke  is  36  in. 
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How  TEE  Cracked  Cylinder  Was  Kepaiked 

In  order  to  secure  a  true  circle  in  the  cylinder,  it  was 
rebored.  The  first  half  of  the  length  was  made  larger 
than  the  remainder,  as  shown  in  the  illustration,  there- 
fore, when  the  bushing  was  inserted  it  went  in  easily  to 
this  extent,  but  it  was  necessary  to  use  much  force  to  put 
it  into  the  required  position,  as  it  was  0.004  in.  larger 
than  the  cylinder.  Xear  the  outer  end  a  raised  shoulder 
1/^  in.  high  and  1%  in.  long,  was  provided  to  hold  the 
broken  part  in  place.  This  was  made  a  sliding  fit  in  the 
cylinder,  to  avoid -expanding  the  cracked  portion.  Screws 
were  put  through  the  cylinder  into  this  bushing  to  hold 
it  in  place,  but  care  was  taken  to  avoid  boring  holes  com- 
pletely through  the  bushing. 

A  turn  buckle  was  used  on  each  side  as  illustrated,  thus 
p^o^^ding  additional  security  against  any  possible  move- 
ment of  the  bushing.  While  this  was  an  expensive  job, 
it  cost  less  than  a  new  cylinder,  and  the  necessary  shut- 
down of  the  works  was  comparatively  short. 


OVER    THE    SPILLWAY 

JUST     JESTS,     JABS,     JOSHES      AND     JUMBLES 


"Where  am  I  going  the  Fourth?  To  work!  Just  Ilk.  I 
do  on  aU  other  holidays  and  Sundays.  Get  a  day  off?  v.  s. 
when  they  put  eight  days  in  a  week.  Say,  kid,  they  tell  iin- 
I  ought  to  be  glad  to  be  living,  and  have  a  steady  joh.  Us 
some  steady,  all  right. 

"I  had  a  dandy  vacation  two  months  ago — when  I  was 
laid  up  with  the  rheumatism — for  three  weeks.  Whafi  !>  i 
got  on  your  mind,  bub?  You  thought  a  power-plant  .im- 
neer  was  a  human  being;  needed  a  rest  like  other  fclks  • 
Not  on  your  fragile  existence!  He  just  keeps  going,  and  ■-'<- 
ing,  and  going — till  he  reaches  the  scrap  heap.  Gee!  Ain  t 
you  never  known  an   engineer  before?" 

A  refrigerating  plant  with  a  daily  capacity  of  seven  tons 
has  been  installed  in  the  White  House.  It  ought  to  help  the 
President  to  turn  a  cold  shoulder  to  the  over-persistent  office 
seeker.  It's  also  a  shop  kink  for  the  Secretary  of  State  that 
might  help  him  in  keeping  his  grape- juice  policy  up  (or 
down,    if  you  drink)    to   the   mark. 

Nearly  SOO  degrees   at  Yale. — Headline. 

_..ust  have  been  a  hot  time  at  our  college  during  com- 
mencement, son.  In  the  parade  they  sang  "Onward  Christ- 
ian Soldiers."  Even  when  the  mercury  has  shinned  up  to 
100  deg.  it  requires  considerable  fortitude  for  us  to  chant  "A 
Hot  Time   in   the   Old  Town." 

Going  up!  A  young  elevator  "engineer"  has  had  $200,000 
wished  on  him  by  a  grateful  New  York  manufacturer  of 
engineering  materials.  The  elevator  man  once  saved  the 
life  of  this  now  deceased  gentleman.  Mrs.  Engineer  says 
that,  if  she  has  her  way  (and  they  generally  do),  they 
will  settle  down,  put  this  neat  little  wad  into  real  estate, 
"and  raise  a  big  family."  We  quote  the  lady's  own  words, 
and  hope  that  her  very  laudable  ambition  will  come  true. 
P.  S. — The  proofreader  says  this  is  a  dream.  All  right,  it's  a 
good    one. 

Speaking  of  big  families,  did  you  know  that  a  fly  lays  120 
eggc  four  times  each  season  between  May  1  and  Sept.  30? 
And   the  flies   therefrom   number. 

9.134,843.744,256.000.000,000.000 
Mebbe    a    few    hid    themselves    on    the     count,     but     it's     near 
enough   to  worry   the   bald-heads.     And   we're   trying   to   swat 
this  pest  into  a  place  some  high  forehead  calls  oblivion. 

Having  fixed  the  number,  now  it's  up  to  some  bally  ass  to 
ascertain  their  exact  weight.  In  fawncy.  we  can  hear  some 
member  of  the  Weight  Committee  at  the  coming  Springfield 
convention    declare.      S-O-M-E     W-E-I-G-H-T! 

"RECHARGING  A  DRY  BATTERY  " 
Unless    your    eye    has    already    focused    the    clever    picture 
below,    you    will    probably   conclude    from    the    title    that    this 
much    discussed    subject    has    oozed    over    from    the    electrical 
department. 


This  is.  such  an  efficient  way  of  recharging  this  particular 
type  of  dry  battery  that  when  we  saw  it  in  Brother  Clarke's 
"Gas    Review."    we    got    his    permission    to    reproduce    it. 


July  1,  1913 
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Successful  Small  Insolated  Plant 


SYA^OPSIS — This  plant,  although  s/iiall,  displaced  ven- 
tral-station service,  making  a  saving  of  $2000  per 
year.  The  equipment  is  of  standard  type.  The  chief 
engineer  has  supervision  of  the  entire  mechanical  equip- 
ment of  the  factory. 

Motive  power  for  the  factory  of  Larned,  Carter  &  Co., 
Detroit,  Mich.,  was  purchased  from  the  central  station  for 
several  years  before  John  Gunn,  the  present  chief  engi- 
neer, took  charge.  By  dint  of  much  convincing  reasoning 
and  the  use  of  cost  figures,  of  which  he  was  absolutely 
certain,  he  finally  persuaded  the  owners  to  install  electri- 
cal generating  equipment.  So  skeptical  were  they,  how- 
ever, of  the  success  of  the  venture,  that  the  builder  of 
the  engine  installed  was  forced  to  agree  to  take  his  pay 
out  of  the  saving  he  predicted  would  result. 

The  power  plant  has  been  in  operation  for  about  two 
years,  and  the  results  obtained  have  been  so  satisfactory 
that  the  engine  man  was  paid  in  full  in  less  than  a 
year. 

The  factory  consists  of  two  buildings,  one  of  Which 
ia  three  stories  high  and  75x130  ft.  in  area,  and  the  other, 
five  stories  high  and  50x130  ft.  Thirt.y-five  motors,  the 
majority  of  which  are  of  3-  and  5-hp.  capacity,  and  two 
elevator  motors,  one  of  10  and  one  of  15  hp.,  furnish  the 
power  load,  some  fifteen  hundred  16-cp.  incandescent 
lamps  furnish  the  lighting  load.  The  current  require- 
ment is  quite  uniform,  never  falling  below  90  or  ex- 
ceeding 100  kw.  This  and  the  fact  that  the  plant  is 
constantly  maintained  in  the  best  possible  condition  and 


^ 

Fig.  1.  Boilers  and  Stokers 

operated  so  as  to  yield  the  highest  all-around  economy 
accounts  for  the  unusually  good  showing  made. 

Complete  cost  figures  are  not  available,  but  the  gen- 
eral summary  is  true  that  allowing  15  per  cent,  per 
year  for  depreciation,  maintenance,  insurance,  etc.,  on 
the  $12,000  invested  for  the  extra  equipment  installed, 
the  annual  saving  is  about  .$'3000. 


Boilers  and  Stokers 

Fig.  1  shows  the  boilers  and  stokers.  The  nearer  one 
is  a  return-tubular,  60  in.  by  14  ft.  in  size,  having  64 
tubes,  31/2  in.  in  diameter,  and  rated  at  90  hp.  This 
boiler  has  been  in  since  1902,  and  before  the  power  equip- 
ment was  installed  it  was  used  for  heating  work  only. 
The  steam  pressure  then  carried  was  90  lb.  gage.     The 


Fig.  2.  Engine  and  Dynamo 

pressure  at  present  carried  is  85  lb.,  gage,  although  125 
lb.  is  allowed  by  the  insurance  company.  The  farther 
boiler  is  a  125-hi3.  return-tubular,  72  in.  by  14  ft.  in 
size,  having  86  tubes,  31/2  in.  in  diameter.  It  has  been 
in  service  the  two  years  the  generating  equipment  has 
been  installed. 

Each  boiler  is  fitted  with  an  under-feed  stoker.  As 
the  generator  is  operated  only  from  7:15  a.m.  to  4:30 
p.m.,  and  until  11 :30  a.m.  on  Saturdays,  but  one  shift 
is  needed  in  the  plant.  The  fireman  gets  down  about 
6  :30  a.m.  and  starts  the  stoker-fan  engine  on  whatever 
steam  pressure  the  boilers  have  retained  over  night,  and 
in  a  short  while  the  working  pressure  is  built  up  so  that 
the  generator  can  be  started  and  take  the  load  as  soon  as 
the  7  :15  whistle  blows.  Shortly  before  stopping  time,  the 
fires  are  cleaned  and  put  into  good  condition  for  banking 
and  the  stoker  j^lunger  is  stopped.  Thus,  by  the  time  the 
engine  has  been  shut  down  the  boilers  have  practically 
ceased  making  steam  and  are  ready  to  be  laid  up  for  the 
night. 

Forced  draft  for  the  stokers  is  furnished  by  a  32x10- 
in.  steel-plate  fan  driven  by  an  18-hp.  vertical  engine,  the 
s]ieed  of  which  is  automatically  regulated  to  suit  the 
steam  requirements  by  means  of  an  automatic  pressure 
valve.  Each  boiler  has  its  own  stack;  the  one  for  the 
small  boiler  is  of  brick,  75  ft.  high  and  24  in.  square  in- 
side, and  the  one  for  the  large  boiler  is  of  iron,  9L  ft- 
high  and  24  in.  in  diameter  inside.  Island  Creek  z.  . 
pea  and  slack  coal,  mixed,  costing  $2.50  delivered,  iis 
used  as  fuel. 

The  feed  water  is  heated  in  an  80-hp.  open  heater 
arranged  with  a  bypass.  Returns  enter  the  heater  direct 
from  the  exhaust-steam  heating  system  during  the  winter 
season.  An  oil  separator  in  the  exhaust  line  removes 
a  large  percentage  of  the  cylinder  oil  from  the  steam,  so 
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PRINCIPAL  EQUIPMENT  OF  LARNED,  CARTER  &  CO.'S  PLANT 


Equipment 

}  Boiler Reti 

Stokers 

Heater 

)  Separator \ 

Pump 

Engine 

[  Generator 


Type 


Purpose 


K« 


Volts    Cycles   Phase         Size         Hp.   Speed  Press. 


Manufacturers 


Open 

Oil 
Steam 
Duplex 
Simple 

A.  C. 


„.  f 60"xW  90   85        Gem  City  Boiler  C 

Steam  gen.     | 72"ll4'        125   85         Wickes  Boiler  Co. 

Boiler  furnace     L'nder  Feed  Stoker  Co.    of  Americ 


Feed  water 

Exhaust 
Line  steam 
Boiler  feed 
Main  unit 
Main  unit 
Exciter 
Auxiliary 
Tube 


Harrison  Safety  Boiler  Works 
\  Austin  Separator  Co. 

Deane  Steam  Pump  Co. 
Skinner  Engine  Co. 


125      \  Fort  Wayne  Electric  Works 


that  but  a  very  small  quantity  indeed  finds  its  way  to 
the  boilers.  The  boiler-icod  pump  is  a  5i/4x3l/^.x5  in. 
duplex,  and  is  regulated  by  hand. 

Generating  Equipment 

The  generating  equipment  is  shown  in  Fig.  3.  A 
17xl8-in.  simple  engine,  which  runs  at  225  r.p.m.,  is 
direct  connected  to  a  loO-kw.  alternating-current  dynamo, 
which  generates  60-cycle,  three-phase  current  at  220  volts. 
The  8-kw.  exciter  is  belt  driven  from  the  larger  pulley 
attached  to  the  outboard  end  of  the  shaft.  A  second 
direct-current  dynamo  is  belt  driven  from  the  smaller 
pulley.  This  machine  has  a  capacity  of  31/2  kw.,  and  is 
employed  to  furnish  current  for  a  number  of  %-hp. 
motors  for  portable  cloth-cutting  machines. 


^^^^^^^^J 1 

Fig.   3.   Switchboard  and   Steam   Auxiliaries 

Steam  is  supplied  to  the  main  engine  and  the  auxil- 
iaries through  a  6-in.  header.  The  engine  is  equipped 
with  a  steam  separator  of  ample  capacity,  as  shown.  The 
exhaust  pipe  drops  straight  down  and  makes  connection 
below  the  floor  level  with  the  heating  main,  feed-water 
heater  and  the  atmospheric  exhaust  stack. 

The  switchboard,  the  heater  and  the  stoker  fan  and 
engine  are  shown  in  Fig.  3.  The  switchboard  consists 
of  one  panel  2  ft.  6  in.  wide  by  5  ft.  high.  The  generator 
and  exciter  rheostats  are  mounted  at  the  top  and  rear  of 
the  board  and  adjusted  by  handwheels.  A  single  volt- 
meter, ammeter  and  ground  light  is  used,  being  con- 
nected with  either  phase,  by  a  three-point  switch.  One 
feeder  cable  extends  to  each  of  the  factory  buildings  and 
is  controlled  by  a  combination  oil-break  circuit-breaker 
and  disconnecting  switch.  An  emergency  connection 
can  be  established  with  the  central-station  distribution 
system  by  means  of  a  three-pole  double-throw  main  switch 
mounted  in  the  middle  of  the  board. 

All  piping,  inchiding  the  boiler  feed,  exhaust  steam. 


Diamond  Power  Specialty  Co. 


stoker  and  stoker  engine,  is  controlled  in  the  engine  roon 
The  engine  is  equipped  with  a  self-contained  oilin 
system,  consisting  of  a  receiving  well,  strainer  and  filtc 
pump,  and  the  necessary  piping  to  the  various  bearinc 
and  other  parts.  Everj-  two  weeks  the  old  oil  is  drawn  o 
and  2  gal.  of  fresh  oil  supplied.  The  old  oil  is  used  i 
the  factory  for  lubricating  pulleys,  shafting,  etc.  Tl: 
cylinder-oil  consumption  averages  9  gal.  per  month. 

During  the  summer  the  boilers  are  cleaned  once  evei 
four  or  five'  weeks,  and  in  the  winter,  every  eight  week 

Neco  Feed-Water    Regulator 

The  main  feature  of  this  regulator  is  that  it  is  designe 
to  decrease  the  water  level  in  a  steam  boiler  when  the  loa 
increases  and  to  increase  the  water  level  when  the  loa 
decreases.  It  is  manufactured  by  the  Xorthern  Equi] 
ment  Co.,  408  West  Indiana  St.,  Chicago,  111. 

The  Xeco  regulator  depends  for  its  operation  upon  tl 
admission  of  steam  or  water  into  the  expansion  tube,  tl 
steam  flow  being  dependent  upon  the  water  level,  i.i 
whether  it  is  above  or  below  the  connection  to  the  uppi 
end  of  the  tube. 

With  the  water  below  the  center  gage,  steam  flows 
the  expansion  tube,  thereby  expanding  it  with  the  he 
and  forcing  it  against  the  short  arm  OD  of   the  be! 
crank  DOE.     The  arm   OE  in   turn   rises  and,   liftii 
the  weighted  toggle  arm  F,  opens  the  feed  valve. 

The  flow  of  water  through  the  opened  feed  valve  rais 
the  level  and  the  steam  supply  is  cut  off.  The  stea 
already  in  the  tube  condenses  and  the  tube  deprived 
the  constant  heat  required  to  maintain  it  expanded,  co 
tracts,  thereby  drawing  back  the  arm  OD  and  lowering  tl 
arm  OE,  which  allows  the  weighted  toggle  arm  F  to  for 
shut  the  feed  valve  by  gravity. 

To  avoid  a  recurrent  complete  opening  and  a  comple 
closing  of  the  valve  a  toggle  motion  is  used.  The  arc 
the  point  H  is  such  that  when  the  arm  F  is  raised,  tl 
motion  is  at  first  .slight  and  the  valve  is  opened  b 
slightly.  Later,  the  speed  of  the  motion  increases  as  t' 
point  n  moves  upward  in  its  arc. 

In  reverse  fashion,  as  the  contracting  tube  allows  t 
arm  F  to  force  the  valve  shut,  the  closing  is  at  first  rap 
and  then  so  slow  that  before  the  contraction  is  comple 
and  the  valve  entirely  closed  a  fresh  supply  of  steam 
the  expansion  tube  has  arrested  the  process  of  contract io 
In  this  way,  by  slowing  down  with  the  toggle,  the  acti( 
of  the  regulator  is  made  so  gradual  that  with  the  wat 
above  the  second  gage  it  is  feeding  somewhat  less  than  t 
evaporation,  and  with  the  water  level  below  the  cent 
gage,  it  is  feeding  somewhat  more  than  is  being  eva 
orated. 

As  shovm  diagrammatically,  the  regulator  triangle 
placed  so  that  the  lower  end  of  the  expansion  tube  is 
the  desired  low-water  limit,  and  the  upper  end  of  t 
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[tube  is  placed  so  as  to  be  opposite  the  highest  water  level 
desired.  By  merely  changing  the  angle  of  the  expansion 
tube,  the  variation  in  the  heiglit  of  the  water  level  be- 
tween no  load  and  full  load  can  be  set  at  a  few  inches  or 
a  foot  as  desired,  to  suit  local  conditions.  The  triangle 
need  not  necessarily  be  placed  in  front  of  the  boiler,  as 
shown.  It  should,  however,  be  placed  as  near  the  water 
column  as  possible  and  in  such  a  position  as  will  bring  the 
ends  of  the  expansion  tube  at  the  desired  water  levels. 

The  regulator  is  adjusted  so  that  at  normal  load  the 
control  valve  is  open  just  wide  enough  to  keep  the  water 
at  the  desired  normal  level,  usually  the  second  gage;  the 
expansion  tube  is,  therefore,  half  full  of  water  at  normal 
load. 

Any  unusual  increase  in  the  steam  demand  lowers  the 
boiler  pressure,  which  in  turn  lowers  the  temperature  at 
which  the  water  will  boil,  and  due  to  the  increased  heat 
demanded,  the  water  level  will  rise  suddenly.  This  sud- 
den rise  of  water  in  the  expansion  tube  contracts  a  sec- 
tion  of   the   hitter   and   through    the   levers   and   toggle 
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Neco  Feed-Water  Regulator 


motion  reduces  the  valve  opening  sutliciently  to  decrease 
the  water  supply  exactly  at  the  moment  when  little  or  no 
cold  water  is  desired.  Then,  because  the  boiling  temper- 
ature has  been  lowered,  a  comparatively  large  amount  of 
water  is  quickly  evaporated  to  take  care  of  the  overload. 
The  water  level,  being  thus  lowered,  allows  a  little  more 
steam  to  enter  the  expansion  tube,  and,  through  the  action 
of  the  latter,  opens  the  control  valve  wide  enough  to  take 
care  of  the  overload,  but  no  more. 

This  action  continues  and  the  steaming  capacity  in- 
creases with  every  load  increase  until  the  safe  allowable 
low  limit  of  water  is  reached;  at  this  point  the  expansion 
tube,  being  full  of  steam,  reaches  its  maximum  expansion 
and  the  control  valve  opens  to  its  full  area. 

When  the  load  suddenly  becomes  less,  the  action  is  re- 
versed. Closing  the  draft  causes  the  water  level  to  drop 
suddenly.  The  control  valve  is  opened  wide  and  water  fed 
into  the  boiler  until  a  level  is  reached,  at  which  jioint 
just  enough  water  is  fed  to  supply  the  evaporation — hence 
the  rate  of  steaming  is  automatically  retarded  and  the 
heat  energy,  which  would  otherwise  be  wasted  in  steam 
escaping  through  the  pop  valve,  is  used  to  heat  the  addi- 
tional water. 

The  design  of  the  regulators  is  such  that  full  valve 
opening  is  secured  only  when  the  expansion  tube  is  fully 
expanded,  and  the  control  valve  can  be  shut  only  when  the 
expansion  tube  is  completely  contracted.  Full  expansion 
occurs  only  when  the  tube  is  full  of  steam  and  it  is  im- 
possible to  secure  this  cxcejit  when  the  water  has  receded 


to  the  lowest  desired  level.  Also,  complete  contraction 
occurs  only  when  the  tube  is  full  of  water,  and  this  can 
occur  only  when  the  liigh  desired  level  has  been  reatned. 

Illinois  "Type  B"  Chain-Grate   Stoker 

A  chain-grate  stoker,  dilferont  in  some  respects  from 
others,  is  illustrated  herewith,  and  the  principle  on  which 
the  grate  operates  is  described.  Fig.  1  is  a  longitudinal 
section  through  the  stoker  and  setting,  and  shows  a  new- 
feature  in  ai'ch  construction,  the  novel  feature  of  tilting 
the  stoker  for  varying  the  discharge  at  the  rear  of  the 
grate,  and  the  means  by  which  the  "slicing"  action  of  the 
grate  is  produced. 

The  grate  is  made  up  of  two  sets  of  strands  of  links  A 
and  B.  Each  strand  is  approximately  6  in.  wide.  Tin; 
relative  position  of  these  strands  is  indicated  by  Fig.  2. 
Each  set   is  operated  by  its  own  mechanism,  as  shown. 


Flax  and  P^levatiox  of  Chain  Grafl  Stom.r 


which  intcriiiittcntly  starts  and  stops  its  respective  set  of 
strands. 

The  drives  are  so  arranged  that,  while,  say,  the  long- 
est strands  are  in  motion,  the  shorter  strands  are  at  re.st, 
then  the  shorter  strands  advance,  and  the  longer  strands 
remain  stationary. 

Since  the  two  sets  of  strands  move  an  equal  distance 
each  time  they  advance,  and  each  remains  stationary  the 
same  length  of  time,  the  coal  is  uniformly  supplied  across 
the  width  of  the  grate.  This  automatic  and  continual 
slicing  prevents  a  crust  forming  over  the  top  of  the  fuel 
bed,  and  an  adequate  supply  of  air  can  be  introduced  ami 
brought  in  contact  with  the  fuel. 

Any  kind  of  coal  can  be  economically  burned  ty  regu- 
lating the  periodic  time  for  starting  and  stopping  the 
strands,  and  thereby  increasing  or  decreasing  the  "slic- 
ing" effect. 

This  stoker  is  manufactured  by  (he  Illinois  Stoker  Co. 
Alton,  111. 
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Mesta  Single-Stage  Air  Pump 

A  new  design  of  reciprocating  air  pump  has  been  placed 
(in  the  market  by  the  Mesta  Machine  Co.,  of  Pittsburgh, 
I'enn.  A  section  of  the  cylinder  and  an  elevation  is 
shown  in  Fig.  1.    The  steam  cylinder,  which  is  arranged 


'^iM'//////yi^'y/-''>y/'y/////////y;y//' 
Fifi.  ].  SixTioN  Axn  Elevation  of  Air  Cylinder 

in  tandem  and  provided  with  a  Meyer  valve  gear,  is 
omitted.  The  feature  of  the  air  cylinder  is  the  automatic 
multiported  valves  of  the  plate  type,  which  follow  in 
design  the  Iversen  patent.  The  construction  of  the 
valve  is  shown  in  Fig.  8.     A  thin  annular  steel  plate  is 
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guided  without  friction  by  a  volute  spring.  The  upper 
view  at  the  right  shows  the  seat  which  is  bolted  to  a  plate 
attached  to  the  cylinder  head.  The  four  ports  in  the 
seat  are  visible,  and  in  the  view  at  the  left  the  plate  is 
shown  in  place.     The  movement  Of  this   plate   is   con- 


trolled by  the  pressure  or  suction  in  the  cylinder,  the 
spring  furnishing  the  small  force  necessary  to  start  the 
closing  motion  of  the  valve  at  the  right  time.  Eet(  i- 
ence  to  Fig.  1  will  show  the  location  of  the  valves  in  ihe 
cylinder.  Two  discharge  valves  are  located  on  one  siile, 
and  two  suction  valves  on  the  other.  Due  to  the  construc- 
tion of  the  valves  the  clearance  space  is  very  small. 

One  of  these  pumps  was  set  up  in  the  works  of  the 
company  and  subjected  to  a  thorough  test  by  Prof.  \\'. 
Trinks,  of  the  Carnegie  Institute  of  Technology.  A  tank 
was  arranged  in  the  suction  line  to  convert  the  pulsating 
suction  of  the  pump  into  a  steady  flow,  so  that  the  actual 
quantity  of  air  taken  into  the  pump  could  be  measured 
by  a  standard  nozzle.  Another  nozzle  was  provided  ;it 
the  side  of  the  tank  for  admitting  vapor  to  duplicate  tiiii- 
ditions  existing  in  condenser  practice.  The  steam  passing 
through  the  engine  was  condensed  at  atmospheric  pres- 
sure in  a  surface  condenser  located  in  the  pit  under  the 
flywheel,  and  the  condensation  was  measured  in  barrels. 

When  it  came  to  plotting  the  results  of  the  test,  it 
was  decided   that  _  it  was  not  feasible  to  give  the  steam 
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consumption  per  cubic  foot  of  air  pumped,  as  the  steam 
consumption  must  necessarily  vary  with  the  vacuum,  the 
efficiency  of  the  air  pump  and  the  efficiency  of  the  prime 
mover.  To  separate  the  two  efficiencies,  the  ratio  of  the 
ideal  work  required  for  isothermal  compression  divided 
by  actual  work  (including  all  friction  work  of  the  en- 
gine) required,  was  plotted  against  the  vacuum  referred 
to  a  30-in.  barometer.  Reference  to  the  curve  will  show 
that  the  pump  dropped  off  rapidly  in  efficiency  above 
29  in.  of  vacuum,  and  becomes  useless  for  vacuums  higher 
than  89.1  in.  Below  39  in.  of  vacuum,  however,  the  pump 
rapidly  increases  in  efficieucy,  and  at  26  in.  shows  re- 
markably high  results.  For  high  vacuums  a  compound 
air  pump  is  now  being  built  and  test  results  will  soon  be 
available. 


Among  the  cities  which  ar.-  maliing  practical  efforts  to 
abate  the  smoke  nuisance  are  Baltimore,  Boston,  Buffalo, 
Chicag-o,  Cincinnati.  Cleveland,  Denver,  Detroit,  Indianapolis, 
Jersey  City,  Kansas  City,  Los  Angeles,  Louisville,  Milwaukee, 
Minneapolis,  Newark,  N.  J.,  New  Orleans,  New  York,  Philadel- 
phia. Pittsburgh,  Portland.  Ore.,  Providence,  Rochester,  San 
Francisco.   Seattle,  St.   Louis,   St.   Paul  and   Washington. 
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Coke  vs.  Oil  as  Steamship  Fuel 

The  following  report,  published  iu  the  Vaneouver 
Province,  on  the  comparative  costs  of  coal  and  oil  as  fuel 
ou  two  of  the  C.  P.  R.  British  Columbia  Coast  Service 
steamships,  is  of  interest,  iu  view  of  the  number  of  ves- 
sels which  have  recently  been  built  to  consume  liquid 
fuel,  or  have  been  changed  so  that  either  of  the  two  fuels 
may  be  used.  The  costs  of  coal  and  oil  for  the  steam- 
ship "Princess  Victoria"  are  given  herewith : 


100  tons  at  $4.50 

9  firemen  at  $55  a  month  each . 
9  trimmers  at  $45  a  month  each . 
Food  for  18  men 


344.17  barrela,  at  90c.. 

6  firemen 

Food  for  6  men 


Per  Day 

$450.00 

16.50 

13.50 

7.56 

$487.56 


$314.25 
11.10 

2.52 


Total 

The  costs  for  the  Prii 
are  as  follows: 


$327.87 

ss  Charlotte,  a  larger  vessel  and  of  greater  horsepower. 


100  tons  at  $4.50 

13  firemen  at  $55  a  month  each.  .  . 
10  trimmers  at  $45  a  month  each. 
Food  for  23  men 


Total 

344.17  barrels  at  90c. 

6  fire  men 

Food  for  6  men 

Total 


$450.00 

23 

SO 

15 

00 

9 

56 

$498 

36 

$314 

25 

11 

10 
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Graphite  in  Boilers 

Power  put  it  squarely  up  to  manufacturers  of  boiler 
graphite  to  show  that  their  products  were  not  injurious 
to  boilers.  This  came  about  after  a  number  of  letters 
had  been  printed  from  users  all  endorsing  its  scale- re- 
moving properties.  Then  appeared  the  statement  of  a 
naval  engineer  in  a  convention  paper  that  it  accelerated 
corrosion.  The  following  is  a  report  on  this  matter  made 
for  the  United  States  Graphite  Co.  by  the  Pittsburgh 
Testing  Laboratory : 

United    States    Graphite    Co., 

Saginaw.    Michigan. 
Dear   Sirs — 

Referring  to  your  letter  of  Feb.  13,  1913,  and  subsequent 
communications  on  the  subject  of  the  influence  of  graphite 
suspended  in  water  upon  the  rate  of  corrosion  of  steel  with 
which  the  water  is  in  contact,  and  referring  particularly  to 
the  opinion  expressed  by  Lieutenant-Commander  Frank 
Lyon,  U.  S.  N.,  in  the  "Journal"  of  the  American  Society  of 
Naval  Engineers,  Vol.  23,  No.  4,  and  Vol.  24,  No.  3.  we  beg 
to  say  that  while  we  agree  in  some  respects  with  Lieutenant 
Lyon,    we    differ    entirely    from    him    in    other    particulars. 

In  the  "Journal"  of  the  A.  S.  N.  E.,  Vol,  23,  No.  4,  pages 
1080  and  1081.  in  the  course  of  a  paper  on  boiler  compounds, 
Lieutenant  Lyon  classes  graphite  with  hydrochloric  acid  un- 
der the  heading  "Dangerous  Compounds."  He  does  not 
claim,  however,  that  graphite  is  an  acid  nor  that  It  is  a 
solvent  for  steel.  He  bases  the  analogy  between  graphite 
and  hydrochloric  acid  on  the  alleged  fact  that  both  corrode 
the   metal   underneath    boiler   scale,    and   so  cause    its   removal. 

He  further  states  that  "steel  boiler  plate  immersed  in  dis- 
tilled water  containing  graphite  in  contact  with  the  metal 
corrodes  from  200  to  400  per  cent,  faster  than  specimens  from 
the  same  plate  immersed  in  the  same  water  without  the 
graphite,  all  other  conditions  remaining  the  same.  The 
amount  of  corrosion  varies  with  the  purity  of  the  graphite 
and   with    the   amount   of  it   in   contact   with   the    metal. 

He  also  says  in  Vol.  24,  No.  3,  p.  858,  "With  boiler-plate 
steel  in  distilled  and  sea  waters  containing  graphite,  pieces 
covered  with  graphite  lost  from  3  to  4  times  as  much  per 
square  inch  of  area  exposed  as  did  similar  pieces  placed  in 
the  same  water  without  graphite.  The  increased  rate  of 
corrosion    depended    to    quite    a    large    extent    upon     the     per- 


centage of  area  covered  and  also  upon  tlie  purity  of  the 
graphite." 

This  is  not  a  fair  statement  because  the  experiments  were 
apparently  not  made  under  boiler  conditions,  but  were  con- 
ducted  in   the  open   air  with   free  access   of  oxygen. 

It  is  well  known  that  under  these  conditions  graphite 
and  other  forms  of  cai'bon  do  accelerate  rusting  of  steel  in 
water,  but  when  no  otlier  air  Is  admitted  to  a  boiler  except 
the  air  dissolved  in  the  water,  the  conditions  for  corrosio!i 
by  atmospheric  oxygen  are  not  favorable.  The  presence  of 
graphite  in  a  boiler  would  not  stimulate  corrosion  per- 
ceptibly, because  of  the  very  limited  oxygen  supply  and  also 
because  the  steel  surfaces  are  rarely  free  from  a  thin  cover- 
ing of  some  sort,  which  would  insulate  the  gi-aphite  par- 
ticles   from    actual    contact    with    the   steel. 

It  should  be  clearly  understood  that  graphite  is  in  no 
sense  a  corroding  agent  of  the  acid  type,  and  it  is  only  con- 
nected with  corrosion  of  steel  when  it  is  in  contact  with  it 
in  the  presence  of  water  and  a  plentiful  supply  of  oxygen. 
These  conditions  do  not  exist  in  boilers,  and  furthermore,  the 
amount  of  graphite  ordinarly  used  (3  oz.  per  1000  gal.)  is 
so  small  as  to  be  insignificant,  even  if  boiler  surfaces  were 
always   clean   and  oxygen   were   freely   supplied. 

In  order  to  answer  by  direct  experiment  Lieutenant 
Lyon's  statement  that  graphite  in  water  causes  steel  to  cor- 
rode   3    to    4    times    as    rapidly,    we    made    the    following   tests: 

1.  Distilled    water. 

2.  Distilled    water    with    graphite    (30    oz.    per    2000    gal.). 

3.  Artificial   sea  water. 

4.  Sea   water   with   graphite    (30   oz.    per   1000  gal.). 

350  c.c.  of  boiling-  water  was  used  for  each  test,  and  the  wa- 
ter which  evaporated  was  replaced  with  hot  distilled  water. 
After  boiling  all  day,  the  surfaces  of  the  solutions  were  cov- 
ered with  melted  paraffin.  This  served  to  only  imperfectly 
exclude    the   air. 

The  experiments  began  Mar.  19.  After  Mar.  21,  the  speci- 
mens of  steel  stood  in  the  beakers  till  Mar.  27,  so  that  the 
total  time  in  the  water  was  8  days,  of  which  only  13%  hours 
represented    actual    boiling. 

Rusting  took  place  in  all  cases.  The  original  weights 
and  losses  in   weight   are   given    below: 

Original  weight     Loss   in   weight 
grams  grams 

1.     Distilled   water    6.5039  0.0126 

'•     ^'Ifi'ihlte  ""*'.':..":"*'.  6.7885  0.0179 

3.  Artificial    sea    water 6.6608  5-S}?l 

4.  Sea  water  with  graphite..  6.5515  O.on& 

It  will  be  observed  from  the  above  tests  that  in  the  pres- 
ence of  10  times  as  much  graphite  as  is  ordinarly  used  for 
boiler-water  treatment  and  with  a  somewhat  limited  oxygen 
supply,  there  is  really  no  material  difCerence  in  the  rates  of 
corrosion.  The  amount  of  corrosion  was  slightly  less  in  sea 
water  containing  graphite  and  slightly  more  in  pure  water 
containing  graphite,  but  these  differences  are,  in  our  opinion, 
not  sufficiently  marked  to  be  significant.  They  certainly  do 
not   bear  out    Lieutenant   Lyon's    figures. 

Although  not  representing  boiler  conditions,  we  have  en- 
deavored to  repeat  Lieutenant  Lyon's  experiments  of  subject- 
ing steel  in  open  vessels  to  the  action  of  boiler  water,  with 
and    without   graphite. 

In    these    experiments    we    used    water    containing    3    oz.    of 
graphite   per   1000   gal.,   and   we   found    in   this   case   also,   after 
a    number    of   hours    boiling,    that    there  was    no   material    dif- 
ference   in    the    losses    of   weight   of   the    steel    specimens. 
Yours  truly, 
Pittsburgh  Testing  Laboratory, 

JAS.   A.   HANDY, 
Research    Director. 


Building  Managers'  Convention 

The  sixth  annual  convention  of  the  National  .Association 
of  Building  Owners  and  Managers  was  held  at  Cincinnati  on 
June  10  to  13,  inclusive.  The  business  sessions  of  the  as- 
sociation and  the  exhibit  of  the  machinery  and  supply  houses 
were  both  held  in  the  Music  Hall. 

An  ample  entertainment  program  was  provided  which  in- 
cluded a  long  automobile  ride  and  a  dinner  at  the  Zoological 
Gardens  on  Wednesday  and  an  excursion  on  the  Ohio  River 
to  Coney  Island.  Thursday. 

At  the  election  on  Friday  the  following  officers  were 
chosen:  President.  J.  E.  Randell,  Chicago;  vice-president,  C. 
E.  Doty,  Cleveland;  secretary,  C.  A.  Patterson,  Chicago,  re- 
elected;   treasurer,  L.   L.   Banks,    Pittsburgh. 

The    next    convention    will    be    held    at    Duluth. 

Two  or  three  of  the  papers  presented  should  be  of  general 
interest  to  our  readers  and  these  will  be  abstracted  in  early 
issues. 
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Influences  Affecting  American 
Engineering  Practice* 

By  Wll^LIAM   FREIiM.V.N   .MYRICK   GOSS,   M.   S..   D.   Eng.t 

[The  thtmi-  prestiitod  by  this  adiess  was  selected  by  the 
American  Committee  on  Arrangements  for  the  Leipzig  meet- 
ing, and  is  in  part  the  result  of  suggestions  received  from 
German  sources.  In  its  development  Important  assistance 
has  been  rendered  by  a  number  of  individuals,  each  of  whom 
has  generously  submitted  by  way  of  suRgestion  a  brief  cov- 
ering some  one  of  the  topics  which  the  author  had  chosen 
for   presentation. — Author.] 

We  have  come  to  this  country  in  response  to  an  invitation 
from  the  largest  organization  of  professional  engineers  that 
the  world  has  thus  far  seen,  and  we  approach  your  threshold 
thoughtfully.  We  remember  your  history  and  understand 
something  of  the  debt  of  obligation  which  engineers  every- 
where owe  the  scientists  of  the  German  Empire.  We  recall 
the  fact  that  foundations  for  the  development  of  mathematical 
truth  were  laid  by  Gottfried  Wilhelm  Leibnitz,  born  more 
than  250  years  ago  in  this  city  of  Leipzig,  and  we  know  the 
later  work  of  Euler,  and  the  present-day  contribution  of 
Professor  Klein.  We  do  not  forge*  that  modern  engineering 
has  profited  greatly  by  the  discoveries  of  chemists,  like  Bun- 
sen,  Baeyer  and  Liebig.  and  of  the  physicists  like  Helmholtz, 
Hertz,  Nernst  and  Roentgen.  As  steam  engineers,  we  reeog- 
nize  our  debt  to  Clausius,  Robert  Mayer  and  to  Hirn,  to 
Zeunir,  Koerting,  von  Linde.  and  Stodola.  As  manufacturers, 
we  find  interest  in  the  great  accomplishments  of  August  Bor- 
sig,  of  Alfred  Krupp.  and  of  Werner  von  Siemens.  .\  study 
of  the  internal-combustion  engine  leads  at  once  to  the 
achievements  of  Otto.  Langen.  Daimler  and  Diesel;  students 
of  locomotive  performance  know  well  the  work  of  von  Bor- 
Ties  and  Wilhelm  Schmidt;  and  the  success  of  your  great 
national  museum  has  kindled  our  enthusiasm  for  its  Director, 
yoiy  distinguished  State  Councilor,  your  energetic  president, 
our  good  friend.   Dr.  Osliar  von  Miller. 

In  the  United  States  as  elsewhere,  the  percentage  of  the 
total  population  engaged  in  trade,  manufacturing,  mining 
and  transportation  has  increased,  and  the  percentage  engaged 
in  agriculture  has  diminished.  These  changes  have  attended 
the  growth  of  the  country's  engineering  activities.  The 
transfer  from  agriculture  to  other  pursuits  has  proceeded 
because  people  felt  the  need  of  transportation,  of  implements, 
and  of  conveniences  in  many  different  forms  which  can  be 
supplied  only  by  nonfarmer  labor.  The  process  of  supplying 
these  needs  has  constituted  the  engineer's  opportunity.  If 
his  methods  in  the  production  of  coal  are  wasteful,  it  must 
be  remembered  that  in  the  United  States  coal  in  the  ground 
is  of  little  value,  and  that  for  several  decades  past  the  de- 
mand for  output  has  doubled  the  annual  coal  production  of 
the    United    States    every    ten    years. 

If  some  of  his  American  railroad  construction  lacks  qual- 
ities thought  essential  in  European  practice,  it  must  be 
remembered  that  in  the  United  States  there  is  today  but  one 
family  for  each  100  acres  of  land  and  that  the  engineer's 
problem  has  been  to  supply  transportation  facilities  not  only 
between  great  cities,  but  also  over  vast  areas  of  thinly 
populated  territory.  If  it  happens  that  a  railroad  designedly 
of  a  secondary  character  is  made  to  render  service  which  in 
speed  and  weight  of  trains  should  only  be  expected  of  a 
better-constructed  and  better-equipped  road,  the  mistake 
may  be  serious,  but  the  error  is  more  likely  to  be  one  in 
management   than   in  engineering. 

INDUSTRIAL  DEVELOPMENT 

In  development  of  manufacturing  industries  the  American 
engineer  has  responded  to  similar  influences.  Whatever  may 
have  been  the  nature  of  the  thing  manufactured,  if  it  met  a 
real  need,  an  extensive  market  was  immediately  at  hand. 
The  making  of  sewing  machines  and  other  conveniences  of 
the  home,  of  structural-steel  shapes,  railway  iron.  loco- 
motives, railway  cars,  railway  signal  equipment,  machinery, 
electrical  apparatus,  power-plant  equipment,  and  more  re- 
cently of  automobiles  and  autotrucks,  has  pushed  the  ability 
of  factories  to  the  utmost  and  necessitated  a  constant  in- 
crease in  capacity,  s  In  many  lines  of  endeavor  the  require- 
ments of  a  new.  extensive  and  growing  country  have  made 
it  possible  to  produce  enormous  quantities,  and  this  fact  has 
had   its   influence    on   the   methods   employed   in   manufacture. 

One    result    of    the    very   great    demand    for    manufactured 


•Extracts  from  the  address  prepared  by  the  president  of 
the  .\merican  Society  of  Mechanical  Engineers  and  delivered 
at  the  joint  meeting  with  the  Verein  Deutscher  Ingenieure  at 
Leipzig.   Germany.   June    23,    1913. 

tPresident  of  the  American  Society  of  Mechanical  Engi- 
neers. Dean  of  the  College  of  Engineering,  University  of 
Illinois. 


articles  has  been  the  exaltation  of  the  machine.  The  liii;. 
cost  of  labor  also  has  stimulated  its  introduction.  Th 
general-purpose  machine  has  steadily  given  way  to  machine 
designed  to  perform  specific  operations.  The  engine  lathe 
which  was  formerly  a  dominant  figure  in  most  metal-workin; 
establishments,  and  which  is  still  useful  in  general  repai 
work,  is  now  regarded  as  an  expensive  tool  for  specifii 
manufacturing   purposes. 

The  extensive  use  of  special  machinery  in  any  manu 
facturing  industry  Imposes  heavy  responsibilities  upon  iti 
engineering  staff.  The  various  steps  to  be  taken  in  fabricat- 
ing the  article  are  reduced  to  the  smallest  practicable  num- 
ber, are  made  as  direct  as  possible,  and  proceed  in  a  i 
determined  order.  Then  the  machines  to  be  employed 
selected,  or  if  not  available,  are  designed  and  constructed 
When  the  establishment  begins  its  operations,  the  part  e 
operator  is  to  perform  will  have  been  defined.  The  develop- 
ment of  these  matters  is  for  the  most  part  a  task  for  the 
gineer,  and  one  result  which  has  attended  the  extensive  use 
of  special  machinery  in  the  manufacturing  industries  of  the 
United  States,  is  to  be  seen  in  the  numerical  growth  and  in 
the   increased   technical    strength   of   their   engineering   staffs. 

The  importance  attaching  to  the  machine  as  a  factor 
industrial  production  has  emphasized  the  necessity  of  main- 
taining equipment  in  a  high  state  of  efficiency.  Machines, 
even  when  too  ne'w  to  be  in  need  of  repair,  should  sometimes 
be  thrown  out  to  make  room  for  those  of  higher  efficiency 
or   greater   capacity. 

If  the  manufacturers  of  the  United  States  have  been  more 
ready  than  the  people  of  other  countries  to  proceed  with  such 
changes,  they  have  had  a  greater  incentive  for  so  doing 
the  higher  price  of  their  labor,  for  the  higher  the  cost 
labor,  the  greater  the  amount  of  capital  which  may  be  spe 
in  replacing  existing  machines,  or  in  installing  new  machines 
for  the  purpose   of  reducing  labor  costs. 

TENDENCY   TO   COMB1N.A.TIONS 

In  the  development  of  American  engineering  industries, 
there  has  ever  been  a  tendency  to  combine  undertakings. 
Short  lines  of  railroads  have  been  joined  to  form  longe 
lines,  and  these  in  turn  have  been  consolidated  into  greater 
systems.  Manufacturing  establishments  producing  similar 
products  or  similar  groups  of  products  have  been  united  to 
form  a  great  corporation  under  a  single  management,  and 
these  combinations  have  brought  about  great  concentration 
of  effort  and  output,  the  volume  of  which  has  had  its  effect 
in  modifying  the   developing  engineering  practice. 

Through  combination,  public-service  companies  have 
achieved  results  equal  in  significance  to  those  obtained  by  the 
manufacturer.  In  the  absence  of  combined  effort,  the  busi- 
ness of  supplying  a  city  with  electrical  energy  is  divided 
among  several  interests.  One  company  may  maintain  a  power 
station  and  a  distributing  system  for  electric-lighting,  an- 
other a  similar  station  and  distributing  system  for  street 
railway  power,  another  may  serve  interurban  railways,  an- 
other steam-railway  terminals,  and  other  companies  may 
supply  electrical  energy  to  miscellaneous  consumers  for 
commercial  purposes. 

In  contrast  with  this,  now  stands  the  single  public-service 
corporation,  which  is  equipped  to  supply  a  whole  commun 
with  electricity  for  all  purposes,  rather  than  to  supply 
portion  of  that  which  is  needed  in  competition  with  or  dupli- 
cating the  facilities  of  other  companies.  The  volume  of  the  i 
combined  business  permits  the  elimination  of  many  small  and 
inefficient  generating  units  and  the  substitution  therefor 
of  large  units  of  the  highest  practicable  efficiency.  Under 
a  single  ownership  duplication  of  feeder  lines  and  distribut- 
ing facilities  may  be  avoided.  When  current  can  be  drawn 
from  any  source  of  supply  to  any  point  of  consumption,  the  i 
reserve  power  to  meet  emergency  demands  may  be  less 
than  when  divisions  of  the  whole  system  must  relv  upon  their 
own  sources  of  supply.  The  peak  loads  of  different  classes 
of  service  occur  at  different  hours  of  the  day.  and  at  differ- 
ent seasons  of  the  year.  When  all  classes  of  service  are 
combined  into  a  single  system,  the  load  factor  is  improved 
and  the  amount  of  installed  power  required  to  supply  the 
service    is    reduced    by    this    diversity    factor. 

These  considerations  may  easily  allow  a  single  public- 
service  corporation,  supplying  a  communitv  with  electricitv 
for  all  purposes,  to  perform  its  function  with  a  pow-er  in- 
stallation, the  cost  of  which  may  be  from  30  to  60  per  cent 
less  than  that  which  would  be  required  in  an  uncombined 
duplicative  service.  Obviously,  a  corporation  rendering  such 
a  consolidated  service  to  a  single  city  mav  extend  its  opera- 
tions to  a  group  of  cities  and  to  the  intervening  country 
Under  favorable  conditions,  the  greater  the  area  of  terri- 
tory over  which  the  system  spreads,  and  the  greater  the  num- 
ber of  interests  served,  the  greater  will  be  the  load  factor 
of  the  system  provided  the  single  system  is  permitted  to  fur- 
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iish  the  entire  electric  service  within  the  areas  covered. 
fie  maximum  limit  to  which  such  a  system  may  be  extended 
as  not  yet  been  reached  in  American  practice,  though  in 
jrtain  large  cities  of  the  United  States  a  single  large  cor- 
pration  is  now  serving  electricity  for  all  purposes,  and  the 
ime  is  true  of  groups  of  towns,  often  covering  hundreds 
f  square  iniles  of  rural  territory. 

I  The  advent  of  the  great  corporation  has  introduced  new 
roblems  in  organization.  The  early  conception  that  such 
orporations    could    be    directed    and    controlled    by    adminis- 

ative  methods  identical  with  those  which  had  served  for 
mailer  ones  has  not  been  justified.  Different  organizations 
ave  worked  out  different  solutions,  but  the  tendency  in  all 
ases  has  been  to  subdivide  the  administrative  function  in 
uch    a   way    that    business    may    be    expedited    without    dimin- 

hing    the    advantages    of    centralized    control. 

SCIENTIFIC  MANAGEMENT 
Among  the  significant  movements  which  have  affected 
ecent  engineering  practice  in  the  United  States  is  the  cam- 
paign for  higher  efficiency  in  operation,  best  known  as  "scien- 
ific  management."  This  assumes  that  there  is  one  best  way 
or  doing  everything;  that  if  practice  is  diverse,  it  is  because 

II  factors  affecting  it  are  not  known;  and  that  "the  best 
tianagement  is  a  true  science  resting  upon  clearly  defined 
tiws,    rules    and    principles    as    a    foundation."      The    develop- 

'Ifnent  of  scientific  management  involves,  first,  the  discovery, 
iid,  second,  the  application  of  the  laws,  rules  and  principles 
ihkli  control  each  particular  problem.  Applicants  for  posi- 
i.iiis  are  examined  that  the  unfit  may  be  rejected  and  that 
li.  precise  nature  of  the  work  to  which  the  accepted  individ- 
lals  are  best  adapted,  may  be  determined.  The  selected  man 
s   tlu-n    trained   in    the   performance   of   his   task. 

TIte  effect  of  scientific  management  upon  the  workman 
liinsi  If  appears  to  be  entirely  satisfactory.  His  wage  has 
-ft.  II  increased  to  limits  never  before  reached  by  artisan  or 
aliiMtr  and  he  is  a  contented  as  well  as  an  effective  work- 
iiiiii.      Its    effect    upon    the    Industry    also    is    favorable,    since 

i|Vhatever    increases    the    output    of    the    individual    workman 

I  lends  to  increase  the  earning  capacity  of  the  plant. 
Again,  the  principle  that  a  man  to  do  his  best  at  work 
JTiust  be  in  good  physical  condition,  is  receiving  recognition. 
The  man  of  whom  such  is  expected  must  have  rest  and  proper 
rood.  The  home  life  of  the  workman,  therefore,  becomes 
jm  important  factor  in  the  efficiency  of  the  industry.  In 
iTiany  of  these  matters  American  industries  have  in  the  past 
peen  shamefully  negligent,  and  it  is  interesting,  though  per- 
jiaps  not  entirely  creditable,  that  attention  should  now  be 
Uiven  them  chiefly  as  an  outgrowth  for  a  campaign  for  in- 
creased industrial  efficiency.  In  the  development  of  this 
jispect  of  scientific  management,  America  is  finding  much  to 
l^mulate    in   German    practice. 

EDUCATION 
j  The  activities  of  the  American  engineer  have  been  sup- 
Iplemented  and  greatly  stimulated  by  the  influence  of  vari- 
ous educational  processes.  Illiteracy  in  America  is  rare.  The 
normal  child  of  the  most  humble  worker  is  taught  something 
of  the  facts  of  science,  history,  and  literature.  The  elemen- 
|tary  public  schools  commonly  provide  eight  years  of  training 
and  carry  the  pupil  until  he  is  14  years  of  age.  If  he  is 
lable  to  delay  efforts  in  self-support  beyond  this  age,  the 
public  high  schools  afford  four  addition  years  of  training 
for  both  boys  and  girls,  in  the  classics,  in  languages,  in 
mathematics  and  in  science.  Girls  may  be  trained  also  in 
the  various  departments  of  domestic  science,  and  boys  in  the 
mechanic  arts.  The  high  school  prepares  for  the  work  of  the 
university  or  for  the  technical  school.  Following  the  excel- 
lent models  dfeveloped  by  your  own  Professor  Kirchensteiner, 
of  Munich,  vocational  schools  paralleling  the  first  two  years 
of  the  high  school  are  likely  soon  to  become  common. 

Important  also  among  educational  influences  are  the  daily 
newspapers  abounding  in  the  discussion  of  questions  of  public 
interest  and  giving  not  only  the  local  news,  but  the  world's 
news.  In  quite  another  class  are  the  trade  journals.  These 
are  published  vyeekly  or  monthly,  are  attractive  in  form  and 
present  readable  and  instructive  material  of  interest  to  the 
particular  classes  of  men   to  which   they  make  their  appeal. 

Important  also  among  the  influences  which  are  effective 
in  education,  are  many  semiscientiflc  and  semitechnical  or- 
ganizations which  enroll  large  numbers  of  members,  hold 
meetings,  or  conventions,  at  fixed  times,  and  publish  the  pro- 
ceedings of  these  meetings  for  the  benefit  not  only  of  mem- 
bers, but  of  any  one  who  may  be  interested.  Whenever  men's 
work  causes  them  to  fall  into  groups,  they  are  likely  to  have 
their  organization  and  their  organization's  publication.  In 
addition  to  the  pubHcations  of  organizations,  there  are  the 
high-grade  technical  magazines  or  journals,  and  the  pub- 
lished   proceedings    of    the    more    strictly    scientific    and    engi- 


neering socities.  Taken  altogether,  they  furnish  an  edui:;i- 
tional  influence  of  tremendous  import.  Tiit;  wise  industrial 
manager  encourages  all  who  are  responsible  to  him  to  read 
and  he  also  reads.  The  result  is  a  free  and  altogether  help- 
ful interchange  of  experiences  and  opinion.  Trade  secrets 
are  practically  unknown.  What  one  man  gains  another  m;,y 
have.  In  manual  arts,  in  science  and  in  engineering,  th,- 
practice   of  the  country  is  an  open  book. 

Finally,  standing  high  among  the  educational  factors 
which  are  influential  in  the  development  of  American  in- 
dustries, must  be  mentioned  the  university  and  the  technical 
school.  As  compared  with  those  of  Germany,  the  American 
technical  school  has  been  a  plant  of  slow  growth.  The  tech- 
nical schools  in  the  beginning  emphasized  the  more  practical 
aspects  of  engineering,  leaving  the  matters  of  mathematical 
theory  for  a  later  time.  From  such  simple  beginnings  the 
schools  have  made  steady  progress.  Today  there  is  nowhere 
in  America  a  keener  appreciation  of  the  service  which  such 
sciences  as  mathematics,  physics,  chemistry  and  biology  can 
render  engineering  tlian  in  the  technical  school.  The  schools 
are  revising  courses  of  study  and  they  are  emphasizing  the 
fundamental  methods  and  facts  of  science  rather  than  the 
more   easily  acquired  practical  aspects  of   engineering. 

Many  of  them,  following  the  example  so  effectively  set 
forth  by  the  German  Hoch  Schule,  are  making  contributions 
to  engineering  research,  and  their  outlook  towards  science 
as  a  basis  for  all  technical  development  constitutes  one  of  the 
most  promising  aspects  of  our  educational  work.  The  bond 
between  the  industries  and  the  schools,  which  in  earlier 
da.vs  was  uncert.iin,  has  in  recent  years  been  tremendously 
strengthened.  The  industries  are  now  looking  to  the  schools 
for  the  men  who  are  to  be  their  leaders;  for  facts  which  will 
be  serviceable  in  the  promotion  and  development  of  their 
business;  and  for  the  stimulus  which  is  to  transform  present- 
day  practice  into  the  more  perfect  procedures  which  our 
ideals    demand. 


Cheap    Electricity  for  Buffalo 

An  impoitant  decision  was  handed  down  by  the  New  York 
Public  Service  Commission  of  the  Second  District  a  few 
weeks  ago  when  it  declared  the  rate  schedule  of  the  Buffalo 
General  Electric  Co.  discriminatory,  and  thereupon  set  about 
to  prescribe  a  new  schedule  based  solely  upon  what  it  con- 
sidered  a    fair    return    upon    the    investment. 

This  action  "was  brought  about  as  the  result  of  a  com- 
plaint by  Louis  P.  Fuhrmann  as  mayor  of  Buffalo  against 
the  Buffalo  General  Electric  Co.  and  the  Cataract  Power  & 
Conduit  Co.  The  latter  purchased  power  from  the  Niagara 
Falls  Power  Co.,  and  in  turn  delivered  it  at  the  city  line  to 
the  Buffalo  General  Electric  Co.  for  $25  per  electric  horse- 
power of  maximum   demand. 

As  was  expected,  the  companies  made  every  effort  to  boost 
the  value  of  their  investments  and  the  Buffalo's  General 
Electric  Co.  endeavored  to  include  a  franchise  value  of  about 
$2,000,000  as  well  as  a  contract  with  the  General  Electric  Co. 
of  Schenectady  in  which  the  latter  received  some  $700,000 
in  stocks  and  bonds,  but  for  which  the  Buffalo  company  ap- 
pears to  have  received  nothing  in  return  except  the  good  will 
of  the  other  company.  Other  intangibles  which  the  defend- 
ant strove  to  have  included  in  its  investment  value  were 
an  alleged  contract  with  the  Cataract  Power  &  Conduit  Co. 
and    a   "going   concern   value." 

The  greater  part  of  these  claims  were  denied  by  the  Pub- 
lic Service  Commission,  its  opinion  with  refei-ence  to  the 
franchise  value    being  summed   up   in   the   following  words: 

"If  the  franchise,  which  was  a  gift  from  the  public  to  the 
company,  should  be  made  the  basis  of  a  money  return,  the 
practical  result  would  be  that  the  public  would  have  to  pay 
money  to  the  company  because  it  had  given  the  company  the 
right    to    occupy    the    public    streets." 

The  Public  Service  Commission  first  ordered  the  Cataract 
Power  &  Conduit  Co.  to  reduce  its  price  to  the  Buffalo  Gen- 
eral Electric  Co.  by  28  per  cent.,  and  then  prescribed  the 
following  rate  schedule  for  the  latter  company  which  repre- 
sents an  average  reduction  of  25  per  cent,  in  its  former 
schedule: 

MAXIMUM   RATES   FIXED    BY   THE    COMMISSION 

ReHldeuce  IjiKhtinK — Available  for  residence  consumers 
only. 

Connected  lighting  load  in  kilowatts  to  be  determined  by 
actual  inspection.  Maximum  demand  to  be  assumed  to  be 
one-quarter  of  connected  load. 

Net  rate:  7s.  per  kw.-hr.  for  first  fiO  hr.  use  oT  maximum 
demand;  4c.  per  kw.-hr.  for  next  120  hr.  use  of  maximum  de- 
mand;   l^^c.    per    kw.-hr.    for    remainder. 
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for    all    lighting    except    res 


General    Liehtlne — Availib'^ 
dences. 

Connected  load  in  kilowatts  to  be  determined  by  actual 
inspection.  Maximum  demand  to  be  assumed  as  one-half  of 
connected    load. 

Net  rate:  7c.  per  kw.-hr.  for  first  GO  hr.  use  of  maximum 
demand;  4c.  per  kw.-lir.  for  next  120  hr.  use  of  maximum 
demand;    l%c.    per    kw.-hr.    for    remainder. 

General  Power. — Available  to  all  power  customers. 

Connected  load  in  kilowatts  to  be  determined  by  actual 
inspection.  Maximum  demand  to  be  assumed  us  three-quart- 
ers of  the  connected  load. 

Net  rate:  7c.  per  kw.-hr.  for  first  30  hr.  u.se  of  maximum 
demand;  3%c.  per  kw.-hr.  for  next  40  hr.  use  of  maximum 
demand;   Ic.   per  kw.-hr.   for  remainder. 

Large  Light  and  Power — Available  for  all  consumers  will- 
ing to  g;uarantee  a   maximum   demand   of   10    kw. 

Maximum  demand  determined   by  maximum  demand  meter. 

Net  rate,  demand  charge:  $2.75  per  kw.  for  first  10-kw. 
demand;  $1.50  per  kw.  for  each  additional  kilowatt  demand. 
Energy  Charge:     Ic.  per  kw.-hr.   for  all  energy  used. 

Gross  rate,  demand  charge:  $3  per  kw.  for  first  10  kw. 
demand:  $1.75  per  kw.  for  each  additional  kilowatt  demand. 
Energy  Charge:      Ic.   per  kw.-hr.   for  all   energy   used. 

It  is  Interesting  to  compare  these  rates  with  those  at  pres- 
ent in  force  with  the  New  York  Edison  Co.,  which  are  as 
follows: 

General  Rote — Available  for  all  consumers.  The  first  250 
kw.-hr.  of  monthly  consumption  at  10c.  per  kw.-hr.  Next 
250  kw.-hr.  of  monthly  consumption  at  10c.  per  kw.-hr.:  next 
250  kw.-hr.  of  monthly  consumption  at  9c.  per  kw.-hr.;  next 
250  kw.-hr.  of  monthly  consumption  at  8c.  per  kw.-hr.; 
next  250  kw.-hr.  of  monthly  consumption  at  7c.  per  kw.-hr.; 
next  500  kw.-hr.  of  monthly  consumption  at  6c.  per  kw.-hr. 
Excess  over  1500  kw.-hr.  of  monthly  consumption  (for  the 
excess)   at   5c. 

Power  Rate — The  first  200  kw.-hr.  of  monthly  consump- 
tion at  9c.  per  kw.-hr.;  next  200  kw.-hr.  of  monthly  con- 
sumption at  Sc.  per  kw.-hr.;  next  2500  kw.-hr.  of  monthly 
consumption  at  6c.  per  kw.-hr.;  excess  over  2900  kw.-hr.  of 
monthly  consumption   (for  the  excess)  at  5c.  per  kw.-hr. 

Wholesale  Rate — First  100,000  kw.-hr.  yearly  consumption 
at  5c.  per  kw.-hr.;  next  100,000  kw.-hr.  yearly  consumption  at 
4c.  per  kw.-hr.;  over  200,000  kw.-hr.  excess  yearly  consump- 
tion at  3c.  per  kw.-hr.;  500,000  kw.-hr.  yearly  consumption 
not  to  exceed  $17,500;  625,000  kw.-hr.  yearly  consumption 
not  to  exceed  $20,000;  833,333  kw.-hr.  yearly  consumption 
not  to  exceed  $25,000;  yearly  guarantee,  Manhattan,  100,000 
kv^^-hr.;   Bronx,   60,000   kw.-hr. 

Assume  for  comparison  first  the  case  of  a  small  consumer, 
whose  residence  contains  a  connected  load  of  one  kilowatt. 
Let  his  monthly  consumption  be  15  kw.-hr.  Under  the  re- 
vised Buffalo  rates  his  monthly  bill  would  be  $1.05  whereas 
in  New  York  he   would  pay  $1.50. 

Next  assume  a  customer  who  uses  somewhat  more  cur- 
rent. Let  his  connected  load  be  1.6  kw^.  and  assume  that  his 
monthly  consumption  is  60  kw.-hr.  Under  the  present  Buf- 
falo schedule  he  would  pay  $3.12.  If  he  lived  in  New  Yorll 
his  monthly  bill  would  be  $6  or  practically  double.  The 
class  of  consumers  in  which  the  comparison  is  most  striking, 
however,  is  the  storekeeper  on  one  of  the  narrow  streets, 
who  in  winter  is  compelled  to  burn  his  lights  all  day  long. 
There  are  a  large  number  of  this  class  in  New  York.  As- 
sume his  connected  load  to  be  1.5  kw.  and  he  will  use  on 
an  average  about  250  kw.  per  month  for  which  he  will 
pay  the  New  York  Edison  Co.  $25.  This  same  customer  in 
Buffalo  would  pay  only  $7.50. 

Although  the  price  paid  by  the  Buffalo  General  Electric 
Co.  to  the  Cataract  Power  &  Conduit  Co.  may  at  first  seem  low, 
it  should  be  remembered  that  it  is  based  on  the  kilowatts  of 
maximum  demand;  that  is,  if  the  peak  load  for  an  hour  or 
even  a  few  minutes  of  the  day  is  10,000  kw.,  but  the  average 
for  the  day  is  only  5000  kw.,  the  company  still  has  to  pay  for 
10,000  kw.  for  the  whole  24  hr.  Hence  the  average  price 
paid  by  the  Buffalo  company  is  about  double  that  which  ap- 
pears  in   the   contract. 

This  average  price  per  kilowatt-hour  under  the  revised 
rate  is  approximately  the  same  as  the  production  costs  per 
kilowatt-hour  at  the  switchboard  for  the  New  York  Edison 
Co. — a  fact  which  discredits  any  contention  as  to  the  cheap- 
ness of  the  water  power  from  Niagara.  It  is  fair  to  assume 
then  that  the  average  distribution  and  overhead  charges  per 
kilowatt-hour  for  the  two  companies  would  not  differ  great- 
ly.     Hence   the   total   costs  should   compare   favorably. 


The    total   area    of   the   coal   fields   in   Georgia   is   estimated 
at    167    sq.m.,    the    smallest    coal    area    In     the     Appalachian 

States. 


Government's  Water-Power  Contract 
Policy 

••The  lower  the  rate  charged  to  consumers  by  electii.- 
power  companies  the  lower  will  be  the  tax  which  such  pow.  i- 
companies  must  pay  to  the  government."  Secretary  Lan.-  ui 
the  Interior  Department  announced  this  as  "the  heart  .i 
the  policy  adopted  as  to  the  disposition  of  water  right.s  ..r 
the   government. 

Secretary  Lane  says  these  contracts  are  just,  alike  to  stll.i 
rights  to  use  the  public  lands  and  the  waters  of  navipal.!^ 
streams  for  the  development  of  electrical  power.  He  i.«  ap- 
posed to  using  these  waters  as  a  source  of  revenue  to  ih. 
government,  but  favors  the  fullest  use  of  them  for  tli.- 
benefit  of  the  people. 

After  carefully  considering  a  power  project  on  the  I'l ml 
d'Oreille  River,  in  northern  Washington,  the  secretary  hii.s 
laid  down  five  conditions  as  "an  ideal  standard  toward  whiili 
to  work  the  making  of  the  contract  between  the  govern- 
ment and  the  applicants  for   the  use   of  the  power." 

1.  The  greater  the  development  of  horsepower,  the  Inwr 
the  charge  per  horsepower  to  be  made  on  the  part  of  th. 
government.  This  is  intended  to  secure  the  full  use  of  th. 
stream. 

2.  The  lower  rate  to  consumers,  the  lower  the  chars'  "n 
the    part    of    the    government. 

3.  No  charge  whatever  for  a  period  of  five  to  ten  yi  i  ~ 
during  which  the  power  company  is  finding  its  market. 

4.  Acceptance  as  a  public  utility  of  the  state's  juri.^iiii  - 
tion  over  intrastate  rates  and  service,  and  of  Federal  jui  i.-<- 
diction  over  interstate  rates  and  service. 

5.  Absolute  prohibition  of  combination  or  monopoly,  and 
the  right  of  revocation  on  the  part  of  the  government  in 
the  event  that  it  is  established  to  the  satisfaction  of  the 
Secretary  of  the  Interior  or  the  courts  that  such  combina- 
tion has  been  made  or  that  prices  have  been  fixed  by  agree- 
ment with  competing  plants. 

Secretary  Lane  says  these  contracts  are  just,  alike  to 
seller  and  consumer  of  the  power;  they  are  fair  to  the  gov- 
ernment, and  they  will  make  for  the  conservation  and  genu- 
ine development  of  great  natural  resources  which  are  now 
going   to   waste. 

Boiler  Tube  Bursts  in  New  York     I 
Hospital 

At  4  a.m.  Thursday,  June  19,  a  4-in.  tube  of  one  of  the 
two  80-hp.  water-tube  boilers  in  the  Beth  Israel  Hospital, 
Jefferson  St.,  New  York  City,  burst,  blowing  the  fire  from 
the  grates,  injuring  the  engineer  and  a  policeman  and  set- 
ting fire   to   the   building. 

At  the  time  of  the  accident  the  boiler  was  under  110-lb. 
pressure.  The  burst  tube  w^as  the  first  or  right-hand  one 
in  the  bottom  row  immediately  over  the  grate.  Mr.  Taylor, 
the  chief  engineer,  states  that  the  tube  was  a  new  one 
having  been  put  in  about  Oct.  15,  1912.  The  tubes  in  both 
boilers  were  cleaned  thoroughly  with  a  turbine  cleaner  last 
October. 

The  rip  is  about  2%  ft.  from  the  front  end,  and  is  approx- 
imately 12  in.  long  and  8  in.  wide  in  the  center;  the  side 
next  the  furnace  having  been  blown  out  and  flattened 
against  the  wall. 

The  burst  was  undoubtedly  due  to  a  defect  in  the  tube, 
as  it  is  thin  where  it  ripped.  It  appears  that  the  tube 
did  not  become  overheated  because  there  was  plenty  of 
water  in  the  boiler  and  there  is  no  scale  in  the  tube,  even 
beyond  the  ripped  portion. 

Although  the  engineer's  office  is  about  35  ft.  in  front  of 
the  boiler  (a  bad  location),  the  hot  coals  were  blown  against 
the  woodwork,  starting  a  fire  which  did  damage  amounting 
to  about  $25.  The  boiler  was  regularly  inspected  by  both 
insurance   and    city   inspectors. 


PERSONALS 


Arthur  Main,  formerly  electrical  engineer  of  the  Hot 
Springs  (Ark.)  Water  &  Light  Co.  is  now  electrical  engineer 
of   the    Mammoth    Springs    (.Ark.)    Power   Co. 

J.  H.  Bissell,  formerly  assistant  treasurer  of  the  Paducah 
Traction  Co.  and  the  Paducah  Light  &  Power  Co..  Paducah, 
Ky.,  has  been  appointed  assistant  treasurer  of  the  Mississippi 
River  Power  Co.  at  Keokuk,  la. 
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Power  Plant  of  the  Otis  Building 


\)\  A.  i;.  .M\i.ii:i; 


SYNOPSIS — //(  de.siffiiiiif/  llii.i  poircr  plant,  careful  pro- 
vision was  made  for  acrcsxibilily,  proper  veitlilation  and 
recording  apparatus.  Air  u-aj^lier.s  hare  been  installed, 
anil   the  generatiuff   nuichinerij   is  of  the   most  modern 

t,„,r. 

'I'lu'  nicrhaniral  uquipiiR'iu  ul'  the  Oli.'^  Buildiug,  La 
Salle  and  Madison  Sts.,  Chit-ajio,  111.,  is  a  good  illustra 
tiiiii  of  nioderii  praftii-e  with  plants  of  its  type.  The 
liuilding  occupies  a  ll().\l!»0-ft.  plot,  it  is  16  stories  high 
«illi  provision  for  five  additional  stories.  There  are  some 
400  suites  of  rooms,  aceommodatiug  1500  people,  and,  in 
addition,  15  store  spaces  on  the  street-level  floor  and  a 
large  space  laid  out  for  IjaiU^ing  pur]xises  on  the  second 
floor. 

About  -lOOO  tungsten  lamps,  from  40  to  250  watts  in 
size,  and  some  3(1  motors,  ranging  from  11/^  to  31  hp.  in 
capacity,  furnish  the  electrical  load  for  tlie  plant.  The 
main  elevators,  of  the  Otis  electric-traction  type,  are  nine 
in  number,  eight  for  passenger  and  one  for  freight  service. 

On  May  1  of  last  year  the  power  plant  was  put  into 
service.  The  generating  units  are  four  medium-speed  en- 
gines, fitted  with  nondetaching  Corliss  valve-gear,  and 
are  directl}'  connected  to  direct-current  dynamos  which 
generate  current  at  230  volts.  One  12x20-in.  engine  has 
a  capacity  of  100  kw. ;  a  second  is  15x2-1:  in.  with  a  ca- 
pacity of  150  kw.  and  the  remaining  two  are  20x30-in. 
engines,  each  have  a  capacity  of  30(i  kw.  The  sjiecds  are 
200,  170  and  150  r.ji.m.,  respectively.  A  view  of  the  en- 
gine room  is  sh(i\\  n  in    I'li;.  1. 


Cylinder  lubrication  is  by  force-feed  pumps  and  the 
bearings  by  a  gravity-feed  central-oiling  system,  the  pipes 
of  which,  from  the  overhead  tank  to  the  engines  and  from 
liie  engines  to  the  return  tank,  are  embedded  in  the  floor. 
The  30x48-in.  supply  tank  is  set  on  brackets  just  outside 
the  engine  room,  8  ft.  above  the  level  of  the  highest  bear- 
ing. The  return  pipes  lead  the  oil  to  a  settling  tank  and 
a  filler  in  the  boiler  room  whence  it  is  pumped  back  to 
the  supply  tank  by  either  of  two  41/^  and  3%  by  4-in. 
horizontal  duplex  pumps.  A  75-  and  a  150-amp.  com- 
])ensator  are  u.sed  to  balance  tiie  three-wire  distributing 
system.  The  busbars  are  in  duplicate  sets  connected  with 
a  tie  switch  so  that  the  power  and  lighting  loads  can  be 
separated,  thus  operating  one  or  more  of  the  generating 
units  on  the  power  load  and  one  or  more  on  the  lighting 
load  if  desired. 

An  objection  to  electric  elevators  is  that  unless  a  suit- 
able preventive  is  employed,  the  sudden  heavy  consump- 
tion of  current  when  starting  one  or  more  elevator  motors 
causes  a  flicker  of  the  lights,  because  of  the  momentary 
drop  in  voltage.  This  is  prevented  in  this  plant  by  using 
units  built  sufficiently  heavy  for  the  duty.  Instead  of 
being  built  for  the  more  usual  guarantee  of  40  deg.  C, 
maximum  temperature  rise  under  full  rated  load  and 
during  continuous  operation  the  dyjiamos  were  built 
to  satisf}'  a  guarantee  of  35  deg.  C.,  maximum  rise.  They 
will  carry  a  continuous  overload  of  25  per  cent,  with  a 
temperature  rise  not  exceeding  43  deg.  and  a  50  per  cent, 
overload  for  two  hours  with  a  rise  not  exceeding  50  deg. 
C.     Tlie  compensators  are  designed  to  carry  unbalanced 


1.  ExGixE  Root:  at  the  Otis  Buildixg 


July  8,   ];)13 


]'  O  \\  E  R 


43 


current  up  to  their  full  rated  eiii>aeity  with  a  maximum 
variation  from  the  average  potential  of  not  more  than  II/2 
volts. 

A  r3-pauel  switchboard,  Fig.  2,  is  used;  the  first  four 
panels  are  for  the  generators  and  are  equipped  with  the 
usual  complement  of  switches  and  instruments.  The 
rheostats  are  motor  operated.  The  fifth  and  sixth  panels 
are  for  the  compensators  and  are  fitted  with  line,  rheostat 
and  equalizer  switches.  The  seventh  panel  is  given  over 
entirely  to  the  18  integrating  wattmeters,  four  of  which 
are  for  the  main  dynamos,  two  on  the  general  lighting 
circuits;  two  on  elevators,  one  on  the  ventilating  fan- 
motor  circuits,  one  on  the  stoker  motor,  one  on  the  coal- 
car  trolley  and  traveling-weight  hopper  feeder,  and  one 
on  the  coal-conveyor  circuit.  The  next  three  panels 
carry  the  switches  of  the  various  main  lighting  circuits 
and  the  last  two,  the  power-feeder  switches. 

Located  on  the  south  wall  of  the  engine  room  is  an 
automatic  damper  regulator  which,  in  addition  to  con- 
trolling the  main  damper,  varies  the  speed  of  the  chain- 
grate  stoker  motor  or  engine  to  suit  the  lead  require- 
ments. 

A  gage  board,  also  located  on  the  south  wall,  makes  it 
possible  for  the  engineer  on  watch  to  observe  whether  the 
various  auxiliaries  located  in  the  boiler  room  are  giv- 
ing normal  service.  Gages  also  show  the  steam  pressure 
in  the  main  heade:,  house-tank  pressure,  surge-tank  pres- 
sure, air  pressure  for  the  thermostatic  system  of  heating 
control,  compressed-air  receiver  pressure,  compressed-aji 
pressure  for  the  sewage  ejectors,  pressure  in  the  heat- 
ing-system expansion  tank  and  the  vacuum  in  the  heat- 
ing-system returns.  A  recording  steam  gage  registers  Aie 
main  steam  pressure  and  a  differential-draft  gage  in- 
dicates the  draft  at  the  main  damjjer. 

A  visitor  entering  the  engine  room,  which  is  on  the 
second  basement  level,  2ti  ft.  below  tlie  sidewalk,  is  im- 
pressed, first,  with  the  unusually  attractive  finish  of  the 
apparatus  as  well  as  of  the  room  itself  and,  second,  the 
comfortable  condition  of  liie'sir-in'tlTe-room..  Tfe^walls 
are  finished  with  white  enamel-faced  brick,  the  floor,  with 
mosaic  tiles,  and  the  ceil'ng  with  a  coat  of  light-gray 
paint.  The  machines,  including  the  compensators,  are 
also  painted  light  gray. 

All  steam  piping  in  the  engine  room  is  painted  the 
same  shade  as  the  engines.  The  lighting  fixtures  are 
dull-brass  single-light  pendants  from  the  ceiling,  carrying 
2.50-watt  tungsten  lamps,  and  single-light  brackets  on 
the  building  columns  carrying  -lO-watt  tungsten  lamps. 

The  engine  room  is  mechanically  ventilated  and  the 
air  is  washed  before  it  is  forced  into  the  room,  purging 
the  air  of  dust  and  dirt,  cooling  it  in  summer  and  humidi- 
fying it  in  winter.  Last  summer  the  air  in  the  engine 
room  was  from  3  to  10  deg.  cooler  than  on  the  street, 
even  in  the  shade.  Air  is  drawn  in  from  the  outside 
tlirougii  a  sheet-iron  duct,  the  intake  of  which  is  above 
the  I'oof  line  of  the  neighboring  buildings,  and  after  pass- 
ing through  the  washer  it  enters  the  fan  which  forces  it 
into  the  engine  room.  Tn  all  there  are  nine  fresh-air 
supply  ducts,  eight  located  on  tlie  north  wall  of  the  en- 
gine room  8  ft.  above  the  floor  line  and  one  in  the  chief 
engineer's  office  at  the  same  height.  A  corresponding 
number  of  ducts  located  on  the  opposite  wall  at  the  same 
height  rxjnduct  the  foul  air  to  the  exhaust  fan,  which  dis- 
charges it  tlirough  a  duct  leading  to  the  roof. 


The  air  washer  consists  of  a  rectangular  galvanized- 
iron  compartment  connected  on  one  side  with  the  air- 
intake  duct  and  on  the  opposite  with  the  ventilating  fan. 
It  contains  sets  of  spray  nozzles  which  form  sheets  of 
water  through  which  the  air  must  pass  in  order  to  reach 
the  fan.  At  the  inlet  side  of  the  washer  is  a  set  of 
tempering  cciils  to  prevent  freezing  in  winter  and  for 
warming  tlie  air  before  it  strikes  the  water  and  thus 
rendering  it  capable  of  taking  up  a  greater  amount  of 
moisture.  The  nozzles  are  arranged  in  two  planes  so 
that  two  sheets  of  water  are  formed.  The  water  is  cir- 
culated by  a  S-in.  motor-driven  centrifugal  pump  which 
draws  its  supply  from  the  settling  basin  in  the  bottom 
of  the  washer  and  delivers  it  to  the  nozzles  at  a  pres- 
sure of  about  13  lb.  per  sq.in.  After  passing  through  the 
nozzles  the  water  falls  to  the  settling  basin  and  is  used 
over  again.  Makeup  water  to  take  the  place  of  tliat 
which  is  evaporated  and  tin-ricd  away  by  the  air,  is  auto- 
matically supplied  tlii'du^h  a  float   valve.     Once  a  week 
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the  washer  is  ideaned  and  flushed  out  and  an  entirely 
new  supply  of  water  is  put  in. 

After  passing  through  the  two  curtains  of  water  the 
air  goes  through  the  "'eliminators,"  then  through  an- 
other set  of  heating  coils  and  finally  through  the  fan. 
The  "eliminators"  are  simply  three  .sets  of  flat  deflector 
plates  extending  across  the  path  of  the  air  and  set  at 
an  angle  of  4.5  deg.  These  eliminate  the  particles  of 
entrained  water  in  the  same  manner  that  a  steam  sep- 
arator eliminates  moisture  from  steam. 

There  are  four  other  washers  in  the  plant,  employed 
for  cleansing  the  air  u.sed  in  as  many  other  parts  of  the 
building.  The  engine-room  air  washer  lias  a  capacity  of 
12,000  cu.ft.  per  min.  and  requires  the  circulation  of 
75  gal.  of  water  per  min.  for  this  duty. 

Bo[i.i;i;  lioovi 

In  order  to  economize  in  width  and  in  height,  part  of 
the  boiler  room  extends  under  the  engine  room,  as  shown 
in  Fig.  3,  and  numerous  pieces  of  apparatus  which  do 
not  require  much  head  room,  such  as  pumps,  comjiressors. 
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etc.,  are  lotatwl  in  this  part.  A  plau  view  of  the  boiler 
and  pump  rooms  if;  shown  iu  Fig.  4. 

There  are  three  30()-hp.  water-tube  boilers,  equipped 
with  chain-grate  stokers  and  bafiSed  vertically.  Under 
ordinarj-  conditions  the  stoker  shaft  is  belt  connected  to 
and  driven  by  a  7^2-^?-  motor.  In  emergencies  the 
motor  belt  is  slipped  off,  the  belt  to  a  5x5-in.  vertical 
steam  engine  is  slipped  on,  and  the  stokers  are  driven 
by  the  latter. 

Flue  gases  are  lead  through  a  sheet-iron  flue  of  gradu- 
ally increasing  sectional  area  to  a  7-ft.  steel  stack,  250 
ft.  high,  lined  with  vitrified  asbestos.  This  stack  rises 
thmugh  a  square  shaft  iu  the  building  and  extends  30 


The  space  directly  beneath  each  boiler  is  divided  into 
three  parts.  The  front  part,  beneath  the  stoker  uii.l 
which  with  ordinary  hand-fired  grates  is  the  ashpit,  iv- 
ceives  the  fine  unburned  coal  which  sifts  through  the 
grate.  This  coal  is  fed  onto  the  conveyor  and  put  ba(  k 
into  the  bunker.  The  middle  part  is  the  ashpit  and  re- 
ceives the  ashes  as  they  are  dropped  off  of  the  end  of  tlie 
grate.  From  this  pit  the  a.shes  are  fed  onto  the  nm- 
veyor  when  it  is  not  delivering  coal  and  deposited  in  \\\« 
asii  bunker  over  the  tracks.  The  rear  part  is  beneatli  the 
last  two  passes  of  the  boiler  and  receives  any  cin.l.  i^ 
which  drop  out  of  the  current  of  gas  passing  through. 
This  cinder  pit  connects  with  the  ashpit  and  the  cin.l.rs 
are  removed  in  the  same  manner  as  the  ashes. 

ArXILIAlilKS 

Most  important  among  the  auxiliaries  are  the  f  •  I 
pumps  and  piping.  These  are  two  12  and  71/2  by  l"^  m 
duplex  pot-valve  outside-end-packed  plunger,  boiler- 1 


^m^^ 


(  ROSS  Si  (  TION 


u     __     J 

THROUGH  Pump, 


d<75/rt 
-----'^Zjector  Pit 


Boiler  and  Engine  Rooms 


ft.  above  the  roof.  A  plan  view  of  the  engine  room  and 
a  partial  plan  view  of  the  boiler  room  is  shown  in  Fig.  5. 
Fig.  6  is  a  view  in  front  of  the  boilers. 

Coal  is  delivered  through  the  Illinois  tunnel  into  a 
side  tunnel  connecting  with  the  building  in  cars  of  three 
tons  capacity,  drawn  by  electric  locomotives.  The  cars 
are  unloaded  into  a  10-ton  weighing  hopper  which  de- 
livers the  coal  to  the  24xl8-in.  buckets  of  the  coal  and  ash 
conveyor.  The  conveyor  extends  up  the  end  wall  of  the 
boiler  room  and  across  over  the  coal  bunker,  which  is 
suspended  over  the  space  in  front  of  the  boilers.  It  re- 
turns down  the  opposite  wall  and  under  the  floor,  Fig. 
7.  where  it  receives  the  a.shes  and  delivers  them  to  the 
ash  bunker  suspended  over  the  end  of  the  railroad  tracks 
in  the  tunnel.  The  coal  bunker,  built  of  reinforced  con- 
crete, is  divided  into  four  compartments,  each  of  ■which 
has  a  capacity  of  about  100  tons.  A  railroad  siding  is 
provided  in  the  branch  tunnel  belonging  to  the  building 
which  is  large  enough  to  liold  12  coal  cars.  Thus,  a  con- 
siirnment  of  36  tons  of  coal  can  be  switched  in  and  un- 
loaded when  convenient. 

From  the  bunkers  the  coal  is  fed  into  a  traveling  weigh 
hopper,  and  after  being  weighed  is  delivered  through  a 
chute  to  the  stokers  as  required.  This  hopper  runs  on 
overhead  tracks  and  is  operated  by  electricity. 


pumps.    The  feed  pipes  are  in  duplicate,  as  shown  in  Fig 
4.    A  3-in.  ventnri  meter  with  the  registering  mechanism 
located  in  the  chief  engineer's  office  gives  a  daily  chart 
of  the  quantity  of  water  fed  to  the  boilers. 

Compressed  air  is  required  at  different  pressures  for 
tube  cleaning,  the  sewage  ejectors  and  the  thermostats. 
Either  of  two  single-stage,  steam-driven,  compressors,  8 
and  8  by  8  in.  in  size  furnish  air  at  80  lb.  pressure,  which 
pressure  is  used  for  the  first-mentioned  service.  The  com- 
pressors deliver  the  air  to  a  36x84-iu.  receiving  tank  from 
which  a  36x84-in.  tank  for  the  ejectors  is  supplied  through 
a  reducing  valve  with  air  at  40  lb.  pressure;  a  24x48-in. 
tank  for  the  thermostats  is  supplied  with  air  at  15  lb. 
through  another  reducing  valve. 

Water  for  house  service  is  pumped  to  the  two  2500- 
gal.  storage  tanks  on  the  roof  by  either  of  two  12  and  71/^ 
by  10-in.,  duplex,  pot-valve,  outside-end-packed  plunger 
pumps,  located  as  shown  in  Fig.  8.  The  condensate  from 
the  heating  system  is  pumped  to  the  receiving  tank  by 
either  of  two  10  and  12  by  12-in.  simplex  vacuum  pumps 
The  48x96-in.  receiver  tank  is  suspended  from  the  boiler- 1 
room  ceiling  and  receives  the  drips  from  the  high-pies-' 
sure  steam  piping,  the  water  from  the  boiler-furnace  water 
backs  and  the  cooling  water  from  the  air-compressor 
'jackets  in  addition  to  the  heating  returns.     The  com- 1 
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pressor  jacket  water  is  first  employed  iu  the  house-pump 
control  system.  The  feed-water  heater  is  fed  by  gravity 
from  the  receiving  tank  through  an  automatic  float-op- 
erated valve.  Makeup  water,  fed  direct  from  the  oily 
main  into  the  receiving  tank,  is  also  regulated  by  a  float 
vab'e. 

Plot  water  for  house  scrxice  is  supplied  by  two  closed 
heaters,  5-1  in.  in  diameter  and  8  ft.  long,  each  capable 
of  heating  2500  gal.  of  water  per  hour  from  40  to  170 
deg.  P.  Each  heater  contains  288  brass  tubes,  li^  in. 
in  diameter  and  2  ft.  6  in.  long.  Because  of  the  short 
tubes  these  heaters  contain  large  hot-water  storage  space 
and  thus  are  capable  of  satisfying  momentary  heavy  de- 
mands. The  hot  water  circulates  by  gravity,  a  3-in.  re- 
turn pipe  connects  with  the  ends  of  all  the  nmiu  feed  lines 
throughout  the  building. 

As  part  of  the  building  is  below  the  sewer  level,  three 
50-gal.  automatic  sewage  ejectors  are  provided,  two  lo- 
cated in  a  pit  in  the  boiler  room.  Fig.  9,  and  one  in  the 
coal-conveyor  tunnel.  The  sewage  from  the  low  parts  of 
the  building  flows  to  these  ejectors,  and  is  automatically 
discharged  to  the  sewer,  40  ft.  above,  when  thev  become 


filled.     The  ejectors  are  operated  by  compressed  air  at 
40  lb.  pressure. 

Boiler-feed  water  is  heated  in  a  twin-type  open  heater. 
Substantially,  the  heater  consists  of  two  1000-hp.  units 
combined  in  one  shell,  which  is  made  oval.  This  arrange- 
ment saves  considerable  piping  and  a  number  of  valves 
and  fittings  without  dispensing  with  the  advantage  of  hav- 
ing a  duplicate  heater  equipment,  because  one-half  of  the 
heater  may  be  shut  down  for  cleaning  or  repairs  while  the 
other  half  is  retained  in  service. 

HiGH-PliE.SSL'KE    PiPING 

Except  for  a  small  portion  of  each  engine  lead,  all  pip- 
ing is  grouped  iu  the  boiler  room.  This  eliminates  heat 
radiation  and  improves  the  general  appearance  of  the 
engine  room.  Grouping  the  piping  is  also  an  advantiigi' 
from  the  standpoint  of  operation  and  maintenance,  be- 
cause related  valves  are  on  the  same  level  and  all  the 
piping  can  be  inspected  and  repaired  from  the  boiler- 
room  floor. 

A  6-in.  lead  from  each  boiler  rises  vertically  6  ft.,  con- 
nects through  an  elbow  with  an  automatic  stop  and  check 


Fig.  4.  Plax  of  Boilkh  and  Pump  Rooics 
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kalve  and  then  throufjh  oue  horizontal  and  cue  vertical  middle  boiler  lead  lu  the  header  iti^elf  make  it  possible 

long-radius   bend  with  the   12-in.  main  header,  on  the  to  isolate  any  unit  or  seetiou  at  will, 
loiier-room   side   of  the   engine-room   wall   and   slightly  The    primipal    valves    are   reached   by    iron    runways, 

ibove  tile  floor  level  of  the  latter  room.  A  gate  valve  in  Fig.  10,  which  extend  across  the  boiler  room  and  com- 

:'iich  lead  close  to  the  header  and  one  on  each  side  of  the  muiiicate  with  the  corridor  at  each  side. 


Fig.  6.    The  Boileks 


Fig.  7.  Ash-Hopper  Outlets 
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All  «-iii.  loop,  to  supply  only  tliu  main  engines,  and 
one  leg  of  the  3-in.  loop  for  the  boiler-feed  pumps  and 
stoker  engine,  connect  with  each  end  of  the  main  header. 
At  the  east-end,  connection  is  made  between  the  leads  of 
the  middle  and  end  boiler.  When  the  fourth  boiler  is  in- 
stalled the  loop  connection  at  the  west  end  will  also  come 
between  one  boiler  lead  and  the  rest. 

The  loop  connection  at  each  end  drops  5  ft.  G  in. 
straight  down  to  the  level  of  the  horizontal  portion  which 
is  hung  2i  in.  below  the  boiler-room  ceiling.  An  ample 
drip  pocket  at  the  bottom  of  each  connection  leg  receives 
the  condensation  from  tlie  loop  which  is  returned  to  the 
receiving  tank  through  the  medium  of  a  trap.    The  hon- 
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zoutal  section  of  the  loop .  extends  1 1  ft.  6  in.  north 
through  a  long-radius  reverse  bend  at  one  end  and  stand- 
ard 4:5-deg.  fittings  at  the  other,  to  where  the  straight- 
run  portion,  40  ft.  long,  lies  close  to  and  parallel  with 
the  north  wall  of  the  boiler  room.  Each  engine  lead 
branches  out  of  the  top  of  the  horizontal  section,  extends 
north  horizontally  to  a  point  below  and  to  one  side  of  the 
center  of  the  cylinder  and  then  straight  up  through  the 
floor  to  a  point  a  little  above  the  cylinder,  where  it  con- 
nects through  a  180-deg.  fitting  with  a  steam  separator 
mounted  on  top  of  the  throttle. 

One  leg  of  the  3-in.  auxiliary  loop  which  supplies  the 
boiler-feed  pumps  and  the  stoker  engine,  branches  off 
close  to  the  east  end  of  the  8-in.  loop ;  the  other  leg 
branches  off  the  east  end  of  the  main  auxiliary  loop. 


This  main  6-iii.  auxiliary  loop  is  arranged  in  a  man- 
ner similar  to  the  8-iu.  loop,  except  that  the  straight-run 
portion  is  but  36  ft.  long  and  lies  only  3  ft.  north  of  the 
vertical  legs.  From  this  loop  leads  extend  to  the  oil 
pumps,  air  compressors  and  the  house  and  vacuum  pumps. 
It  is  also  connected  with  the  expansion  tank  through  a 
4-in.  and  a  6-in.  pressure-reducing  valve  in  a  line  which 
increases  successively  from  4  to  6  and  10  in.  in  diameter. 
There  is  a  2-in.  bypass  around  these  valves  for  emer.^i'ncy 
use. 

EXHAL'ST    I'lI'lXd 

Commencing  at  the  vacuum  pumps  midway  in  the 
length  of  the  boiler  room  an  exhaust  main  of  gradually 
increasing  size  extends  west  to  collect  the  exhaust  from 
the  auxiliaries  at  that  end  and  then  returns  along  the 
north  wall  to  the  expansion  tank  in  Ihc  northeast  corner, 
ciillectiiig  the  exhaust  from  llie  main  units  on  the  way. 
At  the  tank  the  exhaust  main  is  IS  in.  in  diameter.  A 
4-iii.  In-anch  exhaust  pipe  extending  south  to  the  feed 
pumps  and  the  stoker  engine  enters  the  main  exhaust 
close  to  the  tank.  There  is  an  oil  separator  in  the  I'xliaiist 
main  at  the  expansion  tank. 

From  the  expansion  tank  an  S-iu.  line  sui)plies  the 
house-service  heaters;  another  S-in.  line  su])plics  the  ven- 
tilating fan-heating  coils;  a  14-iii.  line  supjilies  the  di- 
rect-radiation system  throughout  the  building;  a  12-iii. 
line  supplies  the  feed-waler  heater,  and  a  5-in.  line  sup- 
plies the  first  floor  and  first  basement  heating  system. 

A  13-in.  atmospheric  exhaust  line  connects  with  the 
line  from  the  expansion  tank  to  the  feed-water  heater 
through  a  back-pressure  valve  and  extends  to  the  roof 
through  a  pipe  shaft  at  the  west  side  of  the  building.  Tlie 
exhaust  main  is  bypassed  around  the  expansion  tank  to 
the  18-in.  feed-water  heater  line  so  that  the  tank  can  be 
cut  out  without  cutting  out  the  heater  also. 

All  steam  and  water  j^iping  is  extra  heavy  with  screwed 
flanges  and  flanged  fittings  and  is  covered  with  li/^-in., 
85  per  cent,  magnesia  covering. 

OPEIiATIXd    Kia'OKDS 

0.  H.  Laiigs,  chief  engineer,  under  whose  supervision 
the  plant  was  designed  and  erected,  wisely  provided  means 
for  acquiring  and  placing  on  record  complete  operating 
(lata.  The  means  of  acquisition  are  coal-  and  ash-weigli- 
ing  equipment,  feed-water  meter,  wattmeters  on  the  vari- 


FiG.  9.  Heatek,  Eeceivek  and  Ejectok 


Fig.    10.    Main    Steam    Header 
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I'RI.N'CIPAI.   IXjriP.MEXT   OF   THE  OTIS  BVILDIXG   POWER  PLANT 


1  EiiKinc 

1  EnKine . 

2  Engines.,. 
1  Generator 

1  Generator. . 

2  Generators . 

1  Air  washer. 

3  Boilers . 
3  Stokers.  , 

2  Pump.s.  . 

2  Conipres-son 

1  Meter... 

2  Pumps 
2  Pumps 

2  Heator.i 

3  Ejeetor.*.  . 
1  Heater.    . 


Make 

Purjjose 

Kw. 

f  ... 

Volts 

R.p.m. 
200 

Size 
12x20" 

lb. 

Hp. 

Manufacturers 

Hall 

Main  units 

ido 

230 

170 
150 
200 

15x24" 
20x30" 

Ball  Engine  Co. 

Jirect  currt?nt 

Main  units 

150 

300 

230 
230 

170 
150 

1  Crocker-Wheeler  Co. 

J 

Kinealy 

KauiTman  Heating  &  Engineering  O 

Water  tube 

Steam  gen. 

3 

H) 

Edge  Moor  Iron  Co. 

Chain 

Green  Engineering  Co. 

Duplex 

12x7!xl5" 

Henry  R.  Worthingtou 

Air 

SxSxS" 

80 

Laidlaw-Dunn-Gordon  Co. 

Venturi 

Water 

3" 

Builders  Iron  Foundry 

Duplex 

Tanks 

12x7JxlO" 

Henrj-  R.  Worthington 

Simplex 

10x12x12" 

Lnion  St«am  Pump  Co. 

Closed 

House  water 

54" 

\\  m.  Barawanath  &  Son 

50  gal. 

Merritt  &  Co. 

Open 

Feed  water 

Elliott  Co. 

uu^  circuits:  cUid  mileage  recorders  on  the  elevators.  The 
rueaiis  of  recording  consist  of  a  complete  set  of  report 
sheets,  part  of  which  is  shown  herewith,  arranged  for 
filing  in  loose-leaf  books. 

To  begin  with,  there  is  a  "Coal  Received"  report.  This 
shows  the  time  of  receipt  and  the  weight  of  each  ship- 
ment and  the  section  of  the  bunker  to  which  it  was  de- 
livered ;  also,  the  time  and  weight  of  ash  removals.  Then, 
there  is  a  daily  "Coal  Burned"  report.  This  shows  the 
amount  of  coal  burned  in  each  boiler  during  each  watch 
and  the  section  of  the  bunker  from  which  the  coal  was 
derived. 

Thus,  with  these  two  reports,  is  shown  the  amount  of 


shows  in  a  rough  way  tlic  relative  amount  of  work  don 
by  each  boiler. 

A  daily  wattmeter  report,  not  shown,  is  made,  whicl 
gives  the  total  current  generated,  the  current  distribu 
tion  and  consumption,  and  which,  when  used  in  connee 
tion  with  the  elevator-service  report  and  other  records 
is  important  in  estimating  operating  costs  and  simila 
data. 

It  is  also  useful  in  estimating  repair  mid  operatiuj 
costs  for  the  elevator  equipment. 

Finally,  there  is  the  daily  engine-room  report.  Fig.  11 
which  gives  the  ammeter  readings  on  the  generators  anc 
the  operating  records  of  all  the  important  apparatus 
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Corliss   versus  Four-Valve  Engine 

By  C.  R.  McCIahky 

In  the  present  discussion  we  are  considering  only  those 
engines  having  four  round  valves  of  the  Corliss  type. 
There  is  merit  in  a  properly  built  four-valve  engine,  but 
many  of  them  are  not  equal  to  the  Corliss  engine  in  econ- 
omy. The  builders  of  four-valve  engines  admit  the  ad- 
vantage gained  by  the  quick  movement  of  the  Corliss 
valve  over  the  manner  of  obtaining  quick  movement  of  a 
valve  operated  by  a  nonreleasing  gear,  as  with  the  four- 
valve  engine. 

Superheating  the  steam  by  wire  drawing,  would  cer- 
tainly be  very  limited  in  the  four-valve  engine,  and  1 
attach  no  importance  to  statements  pretending  to  make 
this  a  good  feature  of  such  engines. 

Tjie  diagrams  shown  are  from  a  four-valve  engine  hav- 
ing the  valves  in  the  cylinder  body  and  using  Corliss 
double-ported  valves,  with  the  steam  ports  on  the  lower 
part  of  the  circle.  This  engine,  151/2x18  in.,  showed  a 
steam  consumption  of  84  lb.   per  i.hp.,  with  an   initial 
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toggles  in  its  valve  motion.  The  movements  of  the  valve- 
gear  of  the  Corliss  are  of  a  high  velocity. 

Most  of  the  four-valve  engines  have  so  many  joints  in 
their  valve-gear,  and  these  joints  are  of  such  short  radius 
that  it  is  almost  impossible  to  keep  them  in  a  good  run- 
ning condition.  Many  four-valve  engines  when  first  in- 
stalled will  produce  an  indicated  horsepower-hour  on  25 
lb.  of  steam,  but  after  a  comparatively  short  service  thev 
take  29  lb.  and  more. 

There  is  but  little  need  for  running  a  Corliss  engine 
above  125  r.p.m.,  as  it  is  then  hard  to  keep  the  dashpots 
so  that  they  will  close  with  a  velocity  much  above  the 
speed  of  the  piston.  Therefore,  nothing  is  gained  by  using 
the  releasing  gear.  When  the  four-valve  engine  is  built 
with  proportions  of  about  13x24  in.,  good  economy  will 
be  shown  when  running  at  about  165  r.p.m.,  as  this 
speed  will  not  cause  wire  drawing,  nor  require  e.xcessive 
port  clearance  to  permit  of  the  required  steam  velocity. 

Some  of  the  best  economies  that  have  been  attained  by 
the  four-valve  engine  have  been  obtained  by  having  a 
comparatively   long   stroke   and    with    the   cylinder   com- 
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pressure  of  100  lb.,  225  r.p.m.,  and  exhausting  directly  to 
the  atmosphere.  I  have  run  tests  on  this  four-valve  en- 
gine in  connection  with  a  surface  condenser,  and  it  showed 
equal  results,  as  compared  with  Corliss  condensing  or 
noncondensing.  With  this  gear  the  valves  on  this  four- 
valve  engine  have  a  large  throw,  much  more  than  the  or- 
dinary four-valve  engine,  and  double-ported  instead  of 
triple-ported  valves.  Consequently  there  is  less  port  clear- 
ance space  through  the  valve. 

'Many  of  the  four-valve  engines  that  port  above  a  cen- 
ter of  a  circle  will  leak,  as  the  valve  will  wear  away  from 
its  seat  and  the  clearance  will  be  considerably  increased. 
At  220  r.p.m.  this  15i/^xl8-in.  engine  gives  a  piston  speed 
of  665  ft.  per  min.  To  compare  this  with  an  18x36-in. 
Corliss  engine  running  at  90  r.p.m.,  we  would  have  prac- 
tically the  same  horsepower  and  a  piston  speed  of  540  ft. 
per  min.,  and  this  speed  may  be  increased  up  to  665  ft. 
per  min.  There  is  but  little  question  as  to  this  latter  en- 
2;ine  showing  a  better  economy  than  the  four-valve  engine. 
riie  steam  or  waste  clearance  is  greater  on  the  four- 
ralve  than  that  on  the  Corliss,  being  about  8  per  cent, 
ivhile  that  on  the  Corliss  is  about  4  per  cent.  The  thermal 
OSS  is  greater  in  the  four-valve  engine,  as  the  tempera- 
;ure  of  the  cylinder  is  changed  about  twice  as  often  as 
,vith  the  Corliss  engine. 

The  angularity  of  the  connecting-rod  will  considerably 
tflfect  the  steam  distribution  of  the  four-valve  engine,  and 
he  load  will  determine  the  time  element  in  the  working 
)f  the  valve-gear.  It  will  be  noticed  from  the  set  of  cards 
^resented  that  the  steam  distribution  of  the  four-valve  is 
ptite  good,  considering  the  angularity  of  the  connecting- 
•od.  as  compared  with  the  angidarity  which  obtains  in 
:he  Corliss  enQ:ine.  but  the  Corliss  engine  has  no  short 


pletely  jacketed  and  the  valves  so  located  as  to  reduci: 
clearance  to  a  minimum.  Then,  again,  many  four- valve 
engines  cannot  be  long-range  engines  on  account  of  hav- 
ing a  shifting  eccentric  that  will  not  give  a  constant  lead. 

Power  from  Waste  Heat 

West  Hartlepool,  England,  says  a  consular  report, 
which  claims  to  be  the  first  municipal  authority  to  pro- 
duce electricity  by  means  of  waste  heat,  will  open  its 
new  generating  station  shortly.  The  two  turbo-generators, 
each  of  1500  kw.,  will  be  driven  by  exhaust  steam  from 
the  furnace-blowing  engines  of  the  Seaton  Carew  Iron 
Co.,  adjacent  to  whose  works  the  station  is  built.  In 
return  for  their  exhaust  steam,  which  has  hitherto  been 
blowing  to  waste  in  the  air,  the  Seaton  Carew  Iron  Co. 
will  receive  current  free  from  the  corporation. 

Expenditure  on  coal  will  practically  be  eliminated. 
The  coal  bill  for  the  pn.'sent  electricity  station  is  about 
$20,000  a  year,  and,  as  it  is  anticipated  that  the  consump- 
tion of  current  will  largely  increase  under  the  cheaper 
rate  now  possible,  the  ultimate  saving  by  the  use  of  waste 
heat  will  be  very  considerable.  Should  the  supply  of  ex- 
haust steam  not  be  available,  either  through  a  breakdown 
of  the  blowing  engines  or  through  the  iron  works  beint;- 
idle,  a  supply  of  high-pressure  steam  will  be  obtainable 
from  the  Seaton  Carew  Iron  Co. 

The  total  expenditure  involved  in  connection  with  the 
new  scheme  is  $188,500,  the  plant  alone  having  cost  $150,- 
000.  The  old  generating  station  will  be  maintained  as  a 
stand-by  and  as  a  town  substation.  There  the  curreiil 
from  the  new  station  will  be  transformed  to  the  voltage 
required  for  distriluition  to  the  town. 
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Power  Aboard  the  "Imperator 


?  5 


SYyOFSl::i—Like  all  uii-lu-lltc-ininale  liners,  llw  -In,- 
perator"  is  turbine  drircn,  irorhing  on  ihe  trijilc-roiii- 
ponnd  system  under  an  initial  pressure  of  2So  lb.  per 
sq.in.  The  total  horsepower  of  the  propelling  units  is 
02,000.  The  boiler-heating  surface  is  203,000  sq.ft., 
grate  surface  3760  sq.ft.  This  is  64,000  sq.ft.  more  heat- 
ing surface  than  the  Cunarder  "Aquitania"  and  JtS,G-J0 
sq.ft.  more  tlian  the  " Lusitania,"  although  her  rated 
horsepower  is  (lulij  2(i00  greater  than  tJie  "Aquitania" 
and  6000  less  than  Ihe  "Lusitania."  llie  normal  speed 
is  22.5  hnots  per  hour. 

The  (|Uiu]ruple-screw,  tnrbiiU'-ilriven,  Hamburg- Anieri- 
lau  liner  "Impcrator,"  which  had  its  keel  laid  June  18, 
1 !)!(),  was  launched  May  23,  1!)13,  and  docked  at  llo- 
boken,  A^.  J.,  June  li),  1!)13,  has  a  wonderfully  com- 
plete power  plant.    This  is  to  be  expected  in  a  ship  919  ft. 


per  sn.iii.  The  draft  is  furui-shcd  by  four  fan  blower-; 
(Howden  system),  each  of  which  is  18  ft.  t)!/^  in.  in  di- 
ameter. The  ducts  conveying  air  from  the  fans  to  iIh' 
grates  are  each  of  45  sq.ft.  cross-section.  The  thric 
snioke-.stacks  or  funnels  tower  69  ft.  above  tlie  uppir 
deck.  A  section  of  one  of  the  funnels  is  shown  in  Fig.  V 
They  are  elliptical  and  measure  32  ft.,  on  the  major  sxi- 
and  18  ft.  nn  llic  minor  axis. 

Asil-llAM)UXG    EiHii'ii'->>"i' 

Here  one  finds  the  ash-handling  equipment,  consistiiiL' 
of  a  cooling  ap])aratus,  four  ash  I'jector  pumps,  i-apalili' 
of  handling  G356  cu.ft.  per  hr.  in  connection  with  Ifi  a-li 
ejectors  and  six  ash  hoists.  An  idea  of  the  amount  ul' 
ash  to  be  handled  is  gained  from  the  following:  Assume 
a  coal  consumption  of  3  lb.  per  h]x-hr.  and  that  the  vessel 
is   developing   its   rated   horsepower   of   62,000 ;   the   coal 


BiiAKi:  Ti:.sT  of  Oxe  of  the  "I:mi'ei!Ator's"  Turbines 


long,  98  ft.  beam,  whose  height  from  keel  to  top-mast  is 
246  ft.,  and  whose  weight  is  .■>0,i){)()  ton.s. 

Bon.i;i;s  .wo  "DitAFT  Svs'i'mt 

(.'(innnencing  with  tlie  boiler  room  there  are  46  single 
water-tube  boilers  in  four  rooms,  each  75  ft.  long  and  sejj- 
nrated  from  each  other  by  water-tight  bulkheads.  The 
boiler  rooms  and  coal  bunker  alongside  take  up  the  entire 
width  of  Ihe  vessel.  The  steam  ])ressure  carried  is  23.5  lb. 


containing  10  per  cent.  ash.  Then  iu  10  hr.  the  weight  of 
the  aslies  will  be 

[(62,000  X  2)  X  'M<l]  X  10  =  124,000  //;.  =  62  ions 
The  weight  of  water  in  ihe  ashes  due  to  wetting  has  not 
been  considered. 

HkATEIIS  AXD  EvArORATOKS 

Besides  the  four  feed-water  purifiers,  two  oil  separators, 
two  mixing  feed-water  heaters  and  two  economizers,  there 
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arc  three   S-step   ovapor;itors  caiiiible   of  furiiishiii};    100 
tons  of  feed  water  every  "-^  1   hours. 

TC1!HI\ES 

The  tolal  forward  driviii.^  effort  of  the  turbines  is 
62,(K)()  lip.,  at  185  r.p.iii.,  through  four  4-winged  screws 
of  turbadium  bronze,  eaeh  about  16  ft.  5  in.  in  diameter. 
The  backward  driving  efl'ort  is  approximately  35,000  hp. 
Ordinarily,  or  when  going  ahead,  the  steam  passes  to  a 
high-pre.ssure  turbine  on  an  inner  shaft,  then  to  an  inter- 
mediate-pressure one,  also  on  an  inner  shaft,  and  then 
on  to  two  low-pressure  turbines  of  equal  power  on  the 
outer  shafts;  each  turbine  having  its  own  shafts,  which 
may  be  run  independently  for  maneuvering.  The  reverse 
turbines  are  four  in  number,  two  high-  and  two  low-pres- 
siii'c  turbines  wnth  the  two  low-pressure  machines  on  the 
outer  shafts. 

The  total  number  of  bronze  blades  in  all  turbines  is 
760,000,  which,  if  laid  end  to  end,  would  have  a  length 
of  125  miles.  Each  one  of  the  low-pressure  turbines, 
complete,  weighs  380  tons  and  develops  16,000  hp.  Each 
of  these  turbines  has  50,000  blades  on  the  rotor.  Views 
of  the  rotors  during  construction  are  shown  on  the  pre- 
ceding page.  One  of  the  high-pressure  turbines  being 
tested  with  a  huge  water  brake  is  shown  on  page  50. 

Condenser  Equipmknt 

Four  Weir  dual  air  pumps  take  the  condensate  from  the 
condensers  and  discharge  it  to  two  great  tanks  in  the 
double  bottom.  Four  duplex  feed  pumps  take  this  water 
and,  w'orking  in  conjunction  with  the  four  main  feed 
pumps,  deliver  it  to  the  boilers.  For  port  service  there 
are  two  auxiliary  condensers  having  their  own  two  cir- 
culating and  two  air  pumps.  Two  "drainage"  pumps  are 
connected  with  the  turbine  casings  to  draw  out  con- 
densate that  accumulates  there. 

Oil  under  pressure  is  forced  to  the  bearings  of  all  tur- 
bines by  six  pumps,  while  the  shaft  bearings  are  lubri- 
cated by  oil  supplied  under  pressure  by  two  additional 
pumps.  Four  bilge  pumps  of  approximately  37,000  gal. 
hourly  capacity  continuously  pump  water  from  the  bilges 
of  the  engine  and  boiler  rooms. 

ElECTIUC  (! EN KHATORS 

Five  turbo-generators,  situated  aft;  each  have  a  capac- 
ity of  2000  amp.  at  110  volts.  The.se  generators  furnish 
light  and  power,  the  power  consumption  of  the  various 
motors  being  about  850  hp.  An  emergency  oil-engine- 
driven  electric-generating  set,  of  100  amp.  capacity,  at 
110  volts,  is  located  on  the  boat  deck  and  is  connected 
60  as  to  furnish  current  for  the  1500-mile-range  wireless 
apparatus  as  well  as  for  lighting  important  parts  of  the 
ship  in  case  of  breakdown  of  the  main  electrical  units. 
A  battery  furnishes  current  for  the  elaborate  intercom- 
municating telephone  system  which  connects  every  state- 
room with  various  parts  of  the  ship. 

One  gets  an  idea  of  the  plumbing  (under  the  care  of 
the  chief  engineer)  when  it  is  said  that  in  the  first  cabin 
alone  there  are  229  regular  baths  and  showers,  including 
146  private  bath  rooms. 

One  of  the  screws  and  the  steel  rudder,  which  weighs, 
!H)  tons  and  is  57  ft.  6  in.  high,  is  shown  on  page  51. 

The  ship  carries  two  motor  life  boats  equipped  with 
wireless  apparatus  of  200  miles  range. 


Continuous  Recording  Remote  Water 
Gage 

The  ((intiimous  indicaling  water  gage,  designed  by 
Dr.  A.  Koe]isel,  Charloltcnburg,  Germany,  shows  on  an 
index  whether  the  water  level  is  rising,  falling  or  con- 
stant. 

A  mechanically  variable  electrical  resistance  is  em- 
ployed, so  connected  to  a  float  that  when  the  latter  rises 
the  resistance  will  increase  and  when  it  falls  it  will  de- 
crease. These  variations  in  resistance  are  transmitted  to 
a  galvanometer  l)y  means  of  a  Wheatstone  bridge. 

In  the  illustration  a  rope  is  shown  wound  several  times 
around  a  pulley  with  a  weight  attached  to  one  end.  The 
other  end  is  attached  to  a  float  which  runs  on  guides. 
The  vertical  reciprocating  motion  of  the  float  is  converted 
into  a  rotary  motion  which  is  transmitted  by  a  worm  or 
toothed  wheel  to  a  slate  disk  on  the  periphery  of  which 
is  a  resistance  wire,  connected  with  electric  current  by 
two  sliding  contacts.  By  the  rotation  of  the  disk,  the 
length  of  wire  between  tlie  contacts,  and  accordingly  its 
resistance,  is  altered.     As  the  resistance  forms  the  fourth 


CoxriNrors  Pu-.cokding  Water  Gaue 

branch  of  a  AVheatstone  bridge,  the  galvanometer  in  the 
diagonal  branch  of  the  bridge  continually  indicates  its 
variations. 

The  ajiparatus  is  rendered  independent  of  the  dis- 
tance of  transmission  by  adding  to  the  variable  resistance 
a  constant  resistance,  the  amount  corresponding  to  the 
resistance  cut  out  at  the  leads.  Any  variations  in  the 
temperature  of  the  leads  can  be  compensated  by  a  resist- 
ance in  the  adjoining  liranch  of  the  bridge. 

At  the  points  of  the  slate  disk,  corresponding  to  the 
highest  and  the  lowest  positions  of  the  float,  contacts 
can  be  arranged,  the  closing  of  which  sounds  an  alarm 
bell  calling  the  attention  of  the  staff  to  these  two  limits. 

The  apparatus  comprises  two  leads  and  is  operated 
either  by  connection  to  the  mains  or  to  a  2-4-volt  .storage 
battery.  It  has  been  successfully  used  in  several  installa- 
tions. 


The  number  of  hydro-electric  power  plants  is  increasing 
.steadily  and  rapidly  throughout  Japan.  There  are  383  com- 
panies now  engaged  in  furnishing  power  and  they  operate 
620  waterpower  batteries.  The  total  horsepower  developed 
at    the   present   time  is    over   2.0no.n00. 
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Luitwieler  Double-Acting  Triplex 
j  Pump 

Til  the  coustruetion  of  the  Luitwieler  triplex  pump, 
shiiwii  iu  Fig.  1,  cams  take  the  place  of  cranks  to  produce 
the  reciprocating  motion.  These  cams  are  placed  r2()  deg. 
apart  on  a  shaft  and  the  shape  of  the  cams  is  such  as  to 


The  crossheads  are  of  lironze ;  tlie  slippers  move  in  a 
straight  line  through  planed  guideways.  Gibs  hold 
the  slippers  in  place;  fiber  shims  allow  adjustment  for 
wear.  The  pump  is  bored  to  receive  brass  linings  (J  in. 
ill  diameter  by  12  in.  stroke.  The  pistons  are  of  bronze 
with  turned  water  grooves,  and  on  each  end  is  a  leather 
cup  whicli  expands  by  the  water  pressure  and  ])reveuts 


Pig.  1.    Luitwieler  Double-Acting  Triplex   Pump 

cause  the  plunger  to  produce  an  even  flow  of  water 
throughout  the  complete  cycle.  Fig.  2  is  a  plan  view  of 
the  pump. 

The  %-in.  shaft  and  cams  are  in  balance,  which,  with 
the  even  flow  of  the  water,  allows  maintaining  a  high 
speed.  In  operation,  the  cams  work  against  rollers,  Fig. 
3,  at  either  end  of  the  crossheads  which  give  a  reciprocat- 
ing motion  to  the  crossheads  and  the  pistons,  whicli  are 
connected  by  rods  working  through  packing  glands.  The 
three  cams  work  in  slots  in  the  frame  on  either  end  of 


Fig.  3.   Cams  and  Rollers 

slip.  The  bonnets  are  arranged  with  a  screw  plug  over 
each  valve  so  that  a  defective  valve  can  be  immediately 
located,  and  taken  out  through  the  liandhole  in  the  cen- 
ter by  the  removal  of  six  bolts. 

An  air  check  and  cock  locates  any  defective  valve  or 
spring  which  is  indicated  by  the  action  of  the  pressure 
gage.  Without  the  use  of  an  air  chamber  the  gage  varia- 
tion is  less  than  5  lb.,  due  to  the  closing  of  the  valves, 
which  indicates  a  small  slip. 

Efficiency  tests  made  by  electrical  engineers  report  as 


the  cam  shaft  and  the  driving  gears.  The  cam  shaft 
rests  in  six  bearings,  each  gear  and  cam  having  a  bearing 
on  either  side. 

As  the  pump  is  double  acting,  the  labor  performed  by 
the  cams  is  uniform  throughout  the  cycle;  the  pressure 
on  opposite  sides  of  the  bearings  is  equal  and  for  this 
reason  a  small  diameter  shaft  is  used. 


high  as  ^71/2  pcr  cent,  efficiency  in  the  motor-dviveu 
])um]). 

This  pump  is  manufactured  by  the  Luitwieler  l^unip- 
ing  Co.,  123  Ames  St.,  Rochester,  N.  Y. 

[This  is  a  remarkable  efficiency  even  for  high-pressure 
delivery,  and  must  be  understood  to  be  for  the  pump 
alone  and   not  to  include  the  motor. — Editor.] 
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Constant-Voltage  Transmission* 

Hv  ]I.  II.  DwiciiiT 

In  deciding  upon  tlic  nu'lhod  of  opuration  of  a  trans- 
mi?.«ion  .system,  two  dislinil  alternatives  are  ])re.seJitetl. 
3nc  of  which  has  been  brought  forward  but  reeently.  In 
:he  older  method,  which  is  the  one  in  common  use,  the 
roltage  of  the  system  is  controlled  entirely  from  the  gen- 
?rators.  The  chief  disadvantage  is  the  large  variation 
n  voltage,  which  is  the  factor  limiting  the  carrying  ca- 
pacity of  the  system.  In  the  newer  method  there  is  no 
I'oltage  variation  at  all,  this  result  being  obtained  by  con- 
:rolling  the  voltage  from  both  the  generating  and  the 
receiving  ends.  The  newer  method  also  greatly  iucrea.ses 
'he  carrying  capacity  of  a  transmission  line,  and  ha.s 
)een  used  successfully  in  commercial  operation,  though 
IS  yet  only  on  small  systems. 

The  method  in  common  use  with  transmission  lines 
leeds  no  description  as  it  consists  merely  of  controlling 
;he  voltage  on  the  line  oy  adjusting  the  voltage  of  the 
jcnerators.  At  no  load  the  two  ends  of  the  line  are  at 
tppro.ximately  the  same  voltage,  while  under  load  there 
s  considerable  drop  at  the  receiving  end  and  a  varia- 
:ion  in  voltage  is  tinavoidable  as  the  load  increases  or 
lecreases. 

When  a  load  on  a  transmission  .system  becomes  so  large 
IS  to  produce  too  great  a  variation  in  voltage  for  good 
iervice,  it  has  been  customary  to  con.struct  additional 
ransmission  lines,  or  to  adopt  a  higher  line  voltage.  It 
s  at  this  stage  that  constant-voltage  transmission  appears 
Host  attractive,  a.s  it  provides  greatly  increased  carrying 
■ainuitv  without  anv  alterations  in  the  transmission  line 
tself.   ' 

In  the  constant-voltage  method,  instead  of  controlling 
lu'  \oltage  from  one  end  only,  synchronous  motors  are 
nstalled  at  the  receiving  end,  and  the  voltage  is  con- 
rolled  at  that  end  by  adjusting  the  power  factor.  The 
vay  in  which  the  synchronous  motors  o])erate  to  hold 
he  voltage  constant  is  very  similar  to  the  way  in  which 
hey  are  used  to  improve  the  power  factor.  A  large  part 
)f  the  voltage  dro])  in  a  transmission  line  is  due  to  the 
ine  reactance,  which  is  greatest  at  a  low  power  factor, 
md  it  is,  in  fact,  directly  proportional  to  the  lagging  re- 
ictive  component  of  the  load.  The  drop  Is,  therefore, 
hanged  into  a  ri.se  in  voltage  if  the  reactive  component 
s  leading  instead  of  lagging,  and  this  may  be  sufficient 
o  overcome  the  drop  due  to  resistance. 

When  it  is  stated  that  the  synchronous  motors  must 
le  ecpial  to  one-half  or  tvio-thirds  of  the  generator  ca- 
)acity  the  cost  will  at  first  sight  seem  prohibitive.  In 
onsideration  of  this,  however,  the  additional  fact  must 
le  considered  that  the  newer  method  not  only  improves 
he  service,  but  greatly  iucrea.ses  the  carrying  capacity 
if  the  line.  Since  with  a  line  of  about  100  miles  in  length 

♦From  a  paper  presented  at  the  annual  convention  of  the 
imerican  Institute  of  Blectrical  Engineers.  Cooperstown, 
'.   T..    June   25.    1913. 


the  cost  of   the  generators  is  comparatively   small   com 
pared    with    the    cost    of  the    line,    the    installation    ■ 
.synchi-onous   motors   will   actually   save    monev    in    \;\v^' 
.systems,  by  saving  extra  line  construction. 

The  limit  of  carrying  capacity  is  ordinarily  set  by  tbr 
ma.ximum  variation  in  voltage  allowed  for  good  service ; 
but  if  there  is  no  voltage  variation  at  all  another  limit 
must  be  looked  for,  and  this  will  bo  found  in  the  great- 
est energy  loss  which  can  be  allowed  for  the  transmission. 
Power  for  supplying  lino  losses  costs  very  little  in  most 
systems,  so  that  au  efficiency  of  85  per  cent,  is  general i\ 
consistent  with  good  economy. 

The  carrying  capacity  of  a  25-cycle  line  can  be  doubled 
by  adopting  the  constant-voltage  method,  and  that  of  a 
60-cycle  line- can  be  mulliplied  liy  two  or  three.  For  On 
cycles,  the  co.st  of  a  constant-voltage  line  with  the  neces- 
sary synchronous  motors  represents  a  saving  when  the 
length  is  over  70  miles.  For  25  cycles  the  saving  over 
the  varying-voltage  method  is  not  obtained  until  the 
length  is  120  miles  or  more. 

High  reactance  is  a  detriment  to  a  line  operating  witJi 
varying  voltage  but  is  not  a  great  disadvantage  when  the 
constant-voltage  method  is  used.  The  reactance  of  the 
entire  circuit  includes  that  of  the  generators,  step-up 
transformers,  protective  reactance  coils,  and  step-down 
transformers,  as  well  as  the  line  reactance.  It  has  beer 
customary  in  large  systems  to  make  all  these  reactances 
as  large  as  possible  for  protective  reasons,  in  spite  of  the 
fact  that  they  tend  to  make  the  regulation  poor,  and  so 
limit  the  power  which  can  be  transmitted.  High  react- 
ances give  protection  by  reducing  short-circuit  currents, 
and  when  placed  between  the  line  and  the  station  ap 
paratus  give  very  effective  protection  against  abnormal 
voltages,  due  to  lightning  and  to  surges  caused  bj'^  switch- 
ing. It  is  evident  that  with  constant-voltage  transmis- 
sion it  will  be  economical  to  increase  all  these  reactancea 
much  beyond  the  values  in  use  at  present  and  better  pro- 
tection will   thus  be  obtained. 

It  may  safely  be  stated  that  the  reason  why  the  fre 
queucy  of  25  cycles  was  adopted  to  any  extent  in  this 
country  was  because  its  low  reactance  made  it  more  eco- 
nomical for  transmission.  With  constant  voltage,  how- 
ever, 60  cycles  becomes  as  economical  as  25  cycles,  and 
except  for  railway  work,  60  cycles  is  preferable  in  most 
cases.  The  cost  of  generators,  transformers,  and  motors 
is  generally  less  at  60  cycles,  and  the  operation  of  most 
lighting  devices,  especially  tungsten  lamps  and  arcs,  i> 
much  more  satisfactory  at  the  higher  frequency. 

The  most  advantageous  ajiplication  of  constant-voltage 
transmission  is  probably  not  in  transmission  lines  with  a 
single  generating  station,  but  rather  in  large  trani?mission 
networks  connecting  hydro-electric  plants  and  the  cities 
within  a  radius  of  .several  hundred  miles.  The  generators 
placed  at  various  points  of  the  network  themselves  partly 
take  the  place  of  the  synchronous  motors  for  maintaining 
constant  voltage,  and  thus  the  total  capacity  of  synchron- 
ous motors   required   is  somewhat  less.      Duplicate   lines 
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for  use  as  reserves  in  case  of  breakdown  are  not  required 
as  much  in  networks  as  in  straight  transmission  projects, 
since  power  can  generally  be  supplied  to  any  point  from 
more  than  one  direction.  Thus  a  small  number  of  heavy 
lines  can  be  used  in  networks,  and  the  constant-voltage 
operation  is  especially  applicable  to  these. 

When  larger  traJismission  networks  are  advocated  it 
might  be  objected  that  the  limit  has  been  already  reached 
as  to  the  number  of  generating  stations  which  can  be 
connected  to  one  network,  owing  to  the  danger  from  such 
large  amounts  of  generator  capacity  when  a  short-circuit 
occurs.  But  a  network  which  is  operated  at  constant 
voltage  contains  an  unusually  large  proportion  of  re- 
actance, both  in  tlie  line  and  in  the  station  apparatus. 
Thus  when  a  short-circuit  occurs  the  voltage  drop  toward 
the  short-circuit  is  very  rapid  and  the  power  is  delivered 
to  it  practically  only  from  the  near-by  generating  sta- 
tions. 

The  two  systems,  varying-voltage  control  and  constant- 
voltage  control,  have  been  described  as  being  quite  dis- 
tinct. There  is,  however,  a  middle  ground  between  them. 
Por  instance,  consider  a  line  operated  with  20  per  cent, 
voltage  variation  at  the  generators  between  no  load  and 
full  load,  and  with  a  steady  voltage  at  the  receiving  end. 
Now  by  installing  a  small  number  of  synchronous  motors 
at  the  receiving  end,  the  generators  may  he  operated  with 
only  10  per  cent,  variation,  the  synchronous  motors  being 
used  to  hold  the  receiving  voltage  constant.  Twice  the 
number  of  synchronous  motors  would  allow  constant- 
voltage  operation  at  both  ends.  It  is  possible,  therefore, 
to  install  a  small  amount  of  machinery  and  obtain  a 
proportionate  improvement  in  closer  regulation  or 
through  an  increased  carrying  capacity  of  the"  transmis- 
•sion  line. 

Many  power  companies  offer  special  terms  to  induce 
their  customers  to  install  synchronous  motors  and  thus 
raise  the  power  factor  of  the  load.  This  can  scarcely  be 
•called  a  step  in  the  direction  of  using  the  principles  of 
constant-voltage  transmission,  since  the  field  current  of 
the  synchronous  motors  is  not  adjusted  with  a  view  to- 
ward regulating  the  line  voltage.  The  advantages  of  a 
high  power  factor  of  load  are  very  small  indeed  compared 
with  the  large  advantages  to  be  obtained  from  adjustable 
power  factor. 

It  must  not  be  supposed  that  the  voltage  at  all  points 
of  a  constant-voltage  transmission  line  or  network  has  ex- 
actly the  same  value.  At  all  points  where  there  are  gen- 
erators or  synchronous  motors  whose  field  currents  can 
be  adjusted,  the  voltage  will  be  held  steady.  For  the 
best  economy,  however,  the  generator  voltage  should  be 
held  at  a  higher  value  than  the  receiving  voltage.  Thus 
the  voltage  at  the  generating  stations  may  be  held  con- 
stant at  110,000  volts,  while  the  voltage  at  the  receiving 
stations  may  be  held  steady  at  90,000  volts.  This  involves 
running  the  synchronous  motors  with  a  weak  field  and  a 
lagging  power  factor  at  no  load ;  and  there  is  a  limit  in 
doing  this  when  the  motors  are  carrying  a  mechanical 
load,  due  to  the  danger  of  their  dropping  out  of  stej). 
However,  the  capacity  of  synchronous  motors  required 
is  so  large  that  most  of  them  would  have  to  run  unloaded 
as  synchronous  condensers,  since  mechanical  loads  could 
be  found  for  only  a  few  of  them.  The  advantages  and 
disadvantages  of  the  constant-voltage  system  may  be 
summarized  as  follows: 


Advantages 

1.  Better  service — no  variation  in  voltage. 

2.  Better  protection,  due  to  high  reactances. 

3.  Tendency  to  use  the  frequency  of  60  cycles. 

4.  Increased  carrying  capacity  of  line.  The  limit  Ls 
changed  from  maximum  voltage  variation  to  maximunt 
energy  loss.  This  allows  more  power  to  be  transmitted 
or  the  distance  to  be  increased,  without  the  voltage  be- 
ing raised. 

5.  Lower  total  cost  for  long  lines.  The  saving  in  cost 
is  greatest  for  long  lines  or  large  networks,  large  quan- 
tities of  power,  large  conductors,  and  for  the  frequency 
of  60  cycles. 

6.  The  method  is  easy  to  apply  to  existing  lines.  The 
change  can  be  gradual,  and  no  change  is  necessai'y  in  lini 
construction. 

Disadvantages 

1.  Cost  and  attendance  of  additional   machinery. 

2.  Higher  total  cost  for  short  lines. 

3.  In  order  to  obtain  the  greatest  ecouoniy  from  rou- 
stant-voltage  operation,  the  losses  must  be  increased,  and 
the  number  of  separate  lines,  which  are  useful  as  reserves, 
must  be  reduced. 

4.  Tendency  of  synchronous  nuuliincry  to  drop  out 
of  step,  and  delay  in  putting  load  on  the  line  again  after 
shutdown. 

Heating  of  Brush-Holder  Studs 

A  new  300-kw.,  2.50-volt  motor-generator  set  was  in- 
stalled and  from  the  start  developed  excessive  heating  of 
the  brush-holder  studs  where  contact  was  made  with  the 
leads. 

The  brush-holder  studs  are  of  shuulard  design.  Refer- 
ring to  Fig.  1,  A  A  are  heavy  fiber  washers;  BB  are  nickle- 
plated  iron  washers,  and  ('  is  a  flat  copper  lead  to  the 
collecting  rings  to  which,  in  turn,  the  switchboard  cables 
are  connected.  The  heating  became  so  bad  that  the  fiber 
washer  ..4  next  to  the  brush-holders  would  burn,  frequent 


o 


Fig.  2 


Fig.  3 


tightening  of  the  nuts  on  the  studs  did  not  prevent  the 
heating  except  for  a  very  short  time. 

Upon  close  examination  it  was  found  that  the  contact 
of  washer  B  with  part  ('  was  not  sufficient  to  carry  the 
current  without  vmdue  heating.  The  piece  C  being  so 
far  away  from  the  brush-holder  stud  gave  a  contact  sim- 
ilar to  that  shown  by  the  shaded  part  of  Fig.  2. 

Therefore,  heavy  copper  washers  were  made,  shaped  as 
shown  in  Fig.  3.  These  were  substituted  for  washer  B 
(see  dotted  lines.  Figs.  1  and  2).  Since  these  washers 
have  been  in  use  there  has  been  no  more  trouble  with 
nuts  working  loose,  owing  to  the  heat  drying  and  burning 
out  the  fiber  washers,  and  parts  that  were  previously 
hot  are  now  cooler  than  the  studs  theni.sclves. 

Michigan  City.  Ind.  R.  E.  Crockett. 
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Pressures  in  Gasoline  Engines 

By  (4.  A.  Field 

Tlic  foildwing  cnrvos,  showing  variations  in  per  cent. 
of  elearaiice,  coni])rcssioa  pressures  and  temperatures, 
iKirnial  e.x])losiou  pressures,  etc.,  in  internal-combustion 
engines,  have  been  groiii)e<l  by  the  writer  and  found  very 
ccmvenient  for  rough  calculations. 

Curve  1  gives  the  variation  of  atmospheric  pressure  in 
])ounds  ])er  square  inch  with  the  elevation  above  sea  level 
in  feet.  The  elevation  above  sea  level  is  given  from  zero 
1o  (iOOO  ft.,  reading  from  the  top  of  the  scale  downward. 
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Temperature  of  Compression, Deg.F.  rem. 

Chart  for  Fixdixg  Te3I1'er.\tures  and  Pressures 

The  barometric  pressure  is  given  from  11  to  15  lb.  per 
sq.in.,  reading  from  Tight  to  left. 

Curves  II  to  VI,  inclusive,  give  the  variations  in  tem- 
perature of  compression  in  degrees  Fahrenheit  with  per 
cent,  clearance  C  for  various  temperatures  of  jacket  water 
from  139  deg.  F.  to  339  deg.  F.  inclusive.  The  per  cents,  of 
clearance  are  found  at  the  right,  reading  from  the  bottom 
upward,  and  the  temperatures  of  compression  are  found 
at  the  bottom,  reading  from  left  to  right.     Curve  VII 

[100  -I-  CT  3 
— Y7 with 

the  per  cent,  clearance  C  and  is  to  be  used  in  the 
formula  given  below  for  determining  the  compression 
pressure  for  various  per  cents,  of  clearance  and  elevations 
above  sea  level. 

Atmospheric  pressure  at  sea  level  corrected  for  volu- 
metric efficiency  is  assumed  to  be  12.5  lb.  2)er  sq.in,  gage. 
Compression  formula 

aoo  +  6'\i  3 


Pa 


0 


—  Pa 


The  fundamental  formula  for  the  variations  of  pressure 
aijd  volume  is 


Pj, 
Pa 


l^\« 
Vh 


where 

Va  =  Volume  at  beginning  of  compression; 
Vh  =  Volume  at  end  of  compression ; 
Pa  =  Pressure  at  beginning  of  compression — usually 
0.8  or  0.9  atmospheres,  depending  on  the  vtilu- 
nietric  efficiency ; 
Pb  =  Pressure  at  the  end  of  compression ; 
r  =  Clearance   (per  cent,  of  piston  displacement). 

The  ratio -^j^  ^  the  ratio 77 . 

Vb  C 

Therefore, 


Pb 


Vb 


Pa 


100  -f-  C'\« 


Eeduciiig  to  pressure  above  atmosjjhere;  i.e.,  subtract- 
ing Pa    from  both  sides  of  the  ecjuation 

aoo  +  C'^ 


Pb  —  Pa  =  Pa 


c 


Pa 


Let  P  =  Pounds  per  square  inch  gage  ^    Pb   —    P,t 
substitutiiiii^, 

p  =  Pai'^^^^±^r-p. 


a 

In  which  the  e.\poneut  /(  is  usually  assumed  to  be  1,3. 
Having  determined  the  atmospheric  pressure  Pa  for  the 
particular    elevation    and    corrected    for    volumetric   effi- 

aOO   +   6'\i-3 


eiencv,  find  the  value  of  the  (luantitv 


a 


for 


the  given  per  cent,  clearance  C  and  solve  the  equation 
for  P. 

Curve  VIII  gives  the  normal  explosion  pressures  in 
pounds  per  square  inch  gage  for  gasoline  corresponding 
to  the  various  values  of  ('. 


Hints  on  Gas-Producer  Operation* 

By  C.  H.  Bromley 

Conceive  of  an  air-tight  steel-plate  cylinder  lined  with 
firebrick,  and  provided  with  poke  openings  and  having 
a  grate  at  the  bottom,  a  fuel  hopper  and  inlet  at  the  top 
with  an  outlet  for  the  gas,  and  you  have  the  essential 
parts  of  the  usual  gas  producer  or  generator.  Some  pro- 
ducers, however,  do  not  have  a  grate.  Consider  the  op- 
eration of  the  ordinary  parlor  coal  stove  with  a  "feeder" 
containing  fresh  fuel ;  below  it  the  decomposed  coal  and 
then  the  incandescent  coal  above  a  bed  of  ashes  and  you 
have  a  good  idea  of  the  operation  of  the  usual  gas  pro- 
ducer and  of  the  so  called  "zones"  of  fuel.  The  essential 
difference  between  a  stove  or  furnace  and  a  gas  producer 
is  in  the  amount  of  air  admitted.  In  the  case  of  the 
former  suflBcieut  air   should  be   admitted   for   complete 
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combustiou,  while  in  the  prodiicoi 
of  air  is  admitted  under  the  Ure. 

Near  the  producer  grate,  where  the  air  eoters,  a  small 
quantity  of  COo  gas  is  formed.  On  being  drawn  up 
through  the  deep  bed  of  ineandeseent  fuel,  the  CO^  ab- 
sorbs considerable  carbon  and  C"0,  the  chief  constituent 
of  producer  gas,  is  formed.  Notige  that  a  high  CO  is 
needed  in  producer  operation  while  a  high  CO.  is  de- 
sired in  boiler-furnace  o]jeratiou.  As  the  CO  increases 
the  COo  decreases  and  vice  versa. 

Steam  is  admitted  under  the  grates  of  a  producer  for 
two  principal  reasons:  To  lower  the  temperature  of  the 
fuel  bed  and  thereby  pre\('iit  fusing  of  the  ash  and  the 
formation  of  clinker,  and  to  enrich  the  gas  with  its  hy- 
drogen. Too  much  steam  in  the  l)last  increases  the  CO. 
and  impairs  the  quality  of  the  gas.  Too  little  greatly 
increases  the  upkeep  cost  of  the  generator  by  permitting 
the  formation  of  clinker  and  destruction  of  the  firelirii-k 
walls  by  fusion  with  tlie  ash.  Experience  and  the  kind 
of  fuel  used  will  alone  dclermine  how  much  steam  to 
use.  Should  too  much  moisture  or  water  vapor  get  into 
the  producer  with  the  air,  the  gas  will  be  so  riili  in 
hydrogen  as  to  probably  cause  premature  ignition  in  the 
engine  cylinder  when  compression  occurs.  Usually  the 
amount  of  water  vapor  entering  with  the  air  regulates  it- 
self automatically.  This  will  be  readily  understood  when 
it  is  remembered  that  the  hotter  the  producer — when 
more  va]ior  is  needed — ti\e  more  water  will  be  vaporized  ; 
when   the  i)roducer  cools  less  water  is  vaporized. 

The  air  entering  the  ])roducer  furnishes  oxygen  to 
gasify  the  carbon,  but  it  also  contains  nitrogen,  an  iuei-t 
gas  which  dilutes  the  producer  gas.  For  each  pound  of 
oxygen  brought  in  by  the  air,  3.33  lb.  of  nitrogen  will 
have  entered  the  producer.  The  gas  will  contain  by 
volume    about  5o  per  cent,  nitrogen. 

Incident  to  the  function  of  a  gas  producer  is  the  dis- 
tillation of  fuel  within  it.  With  bituminous  and  semi- 
bituminous  coals  and  lignites  the  distillation  process  re- 
sults in  the  formation  of  ammonia  gas,  tar  and  other 
hydrocarbons.  These  impurities  ai-c  cared  for  by  scrub- 
bers, purifiers,  tar  extractors,  etc.,  or  they  may  be  drawn 
through  the  bed  of  incandescent  fuel  in  the  producer  and 
broken  ujJ  into   fixed   gases. 

The  chief  troubles  of  ])roducei'  operation  are  caused 
by  the  fuel  used.  Bituminous  and  semibituminous  coals 
frequently  cake  and,  cond)ined  with  the  effect  of  coking, 
in  which  process  the  coal  loses  about  one-tenth  its  weight 
but  increases  about  one-third  in  volume,  the  fuel  forms 
an  arch  in  the  producer.  This  arch  holds  the  fuel 
above,  and  the  fuel  below  does  not  feed  down  evenly.  The 
position  of  the  zones  becomes  altered  and  cracks  are 
formed  through  which  weak  gas  rushes  to  the  outlet, 
slowing  down  the  engine.  If  the  steam  blast  is  not  dis- 
tributed uniformly  over  the  area  of  the  bed,  cracks  and 
cluuuiels  are  likely  to  form,  producing  varying  tempera- 
tures in  the  incandescent  zone  and  retarding  the  produc- 
tion of  rich  gas.  These  arches  must  be  broken  by  poking, 
Init  if  they  are  poked  f.t  through  doors,  care  must  be 
taken  to  not  keep  the  doors  open  too  long,  for  suflficient 
air  nuiy  enter  as  to  dilute  the  gas  and  cause  irregular 
running  of  the  engine. 

It  is  sometimes  desirable  to  have  connections  for  fur- 
nishing the  onsrine  with  street  gas  when  cleaning  the  gen- 
erator.    This  is  especially  true  for  places  where  the  labor 


is  unskilled  and  wdiere  the  fuel  contains  ash  that  clink- 
ers and  slags.  Should  the  gas  become  weak  while  the 
producer  is  being  cleaned  the  engine  may  be  supplied 
with  street  gas. 

Irregular  poking  and  removal  of  the  ash,  varying 
moisture  content  of  the  coal  and  load  fluctuations  tend 
to  alter  the  position  of  the  zones. 

One  should  be  careful  not  to  strike  hard  blows  on  the 
firebrick  lining,  as  producers  have  been  made  to  leak 
in  that  way.  Poke  from  the  top  of  the.  generator  if 
])ossible  for  then  tln>  bar  will  move  parallel  with  the  fire- 
brick walls  ami  tlieiv  is  ilien  less  chance  of  breaking 
them. 

The  ignition  temperature  of  carbon  is  1240  deg.  F., 
but  a  temperature  of  V'iM)i)  deg.  F.  is  needed  for  good 
work  in  producei'S.  At  this  temperntui'e  the  ash  often 
fuses,  forming  clinker  which  in  turn  fuses  with  the  fire- 
brick lining.  When  the  cliidver  is  removed  pieces  of  the 
lining  chip  oft'  with  the  clinker.  Ked  coal,  a  semibitumin- 
ous grade,  fu.scs  its  ash  at  about  1850  to  2200  deg.  F., 
and  as  the  coal  contains  much  iron  the  slag  gives  great 
t  rouble. 

Coal  highest  in  sulphur  does  not  always  have  the  low- 
est fusing  point  of  its  ash  as  is  commonly  supposed.  In 
fact,  the  sulphur  content  of  a  coal  is  not  a  true  indication 
of  its  clinkering  ])roiierties.  Organic  sulphur  of  itself 
has  no  tendency  to  form  clinker.  When  sulphur  as 
])yrites  occurs  in  (Cial  anil  if  the  ash  is  high  in  silica, 
clinker  will  usually  result  when  the  temperature  is  as 
high  as  needed  in  gas-producer  and  boiler-furnace  work. 

The  design  of  most  charging  boxes  on  gas  producers  is 
such  that  with  reasonable  care  air  cannot  be  admitted  to 
the  generator  at  this  jjoint  to  create  an  explosion. 

Always  keep  in  mind  when  running  suction  pr(jducers 
that  the  entire  system  is  operating  at  a  pressure  lower 
than  atmospheric  and  that  leaks  in  the  generator,  scrub- 
ber, piping,  etc.,  admit  air  which  dilutes  the  gas  and 
lowers  the  power  of  the  engine.  Remember,  too,  that 
cleanliness  is  most  essential  to  good  operation.  See  that 
all  elbows  in  the  gas  lines  are  provided  with  covers  held  iu 
place  by  yokes  or  that  tees  with  plugs  are  used  instead 
of  elbows,  so  that  the  pipe  may  be  easily  cleaned  of  dust 
and  tar.  Slime  and  dust  should  be  removed  from  the 
gas  holder  at  frequent  intervals.  If  the  gas  is  drawn 
through  a  spiral  wire  brush  or  through  screens  take  out 
the  brush  or  screens  once  a  week  and  wash  them  in 
kerosene. 

When  starting  the  plant,  work  the  fan  until  jilenty  of 
gas  is  formed  before  attempting  to  start  the  engine.  This 
will  be  shown  by  a  straw-colored  flame  which  will  bui'u 
when  the  gas  escaping  at  the  test  cock  is  ignited;  a  blue 
flame  indicates  the  presence  of  air.  When  the  engine 
has  started,  close  the  test  cock  and  the  outlet  flue 
of  the  generator  and  work  the  fan  until  the  engine  is 
pulling  hard  enough  to  generate  its  own  gas. 

Care  of  Magnetos 

By  A.  L.  Buexkax,  Ju. 

Magnetos  can  be  divided  into  two  classes — low-tension 
and  high-tension,  but  there  are  certain  rules  that  apply 
equally  to  both  types.  These  hav(>  to  do  witli  keeping 
the  machine  free  from  water,  oil  and  other  foi'eign  nuit- 
ter. 
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Magnetos  invariably  revolve  at  high  speeds  and  conse- 
quently if  the  bearings  are  not  supi)licd  with  a  suitable 
lubricant,  wear  will  result.  This  wear  takes  place  where 
there  is  the  most  lateral  pressure  which  results  in  the 
bearings  being  worn  slightly  out  of  line  and  thus  the  arm- 
ature will  not  revolve  upon  a  true  center.  On  the  other 
hand,  overlubrication  is  also  detrimental,  inasmuch  as 
the  oil  has  a  tendency  to  creep.  About  the  best  way  is 
to  resort  to  frequent  oiling.  Hsing  small  amounts,  say. 
two  drops  each  time. 

Nearly  all  magnetos  now  have  pcnnaneat  jnagnets  and, 
therefore,  an  operator  is  seldom  confronted  with  an  in- 
operative magneto,  due  to  lo.ss  of  magnetism,  as  was  quite 
frequently  the  case  a  few  years  ago.  Present-day  troubles 
are  invariably  attributed  to  faulty  connections  or  con- 
tacts, poor  adjustments,  or  to  accumulations  of  oil  or 
dirt.  Troubles  with  low-tension  magnetos  are  in  most 
cases  due  to  the  frictional  surfaces  of  the  armature  l>e- 
comiug  gummed  or  to  faulty  carbon  brushes. 

When  a  magneto  gives  trouble  it  is  advisable  to  wash 
the  parts  affected  in  a  tin  of  gasoline  and  then  polish 
the  surfaces  with  line  saadpaper.  Emery  cloth  should 
never  be  used  for  this  purpose,  as  small  particles  of  car- 
bon are  likely  to  cause  short-circuits  or  partial  short- 
circuits,  which  are  even  more  difficult  to  locate.  Carbon 
brushes  sometimes  wear  unevenly  but  this  is  easily 
remedied  by  rubbing  the  bru.sh  upon  a  piece  of  flat  sand- 
paper, care  being  taken  to  hold  the  carbon  at  right  angles 
to  its  contact  surface :  this  treatment  will  insure  a  posi- 
tive contact. 

With  high-tension  magnetos  the  most  troublesome  parts 
are  the  points  in  the  breaker  box,  these  having  a  tendency 
to  become  pitted  and  cause  the  motor  to  misfire.  Or- 
dinarily, the  points  need  only  to  be  cleaned  with  emery 
<loth.  but  if  badly  pitted  they  will  probably  need  filing 
and  this  will  nece>*«rtate  their  removal.  It  is  important 
that  they  be  filed  at  such  an  angle  that  when  they  are  in 
contact  they  will  bear  over  their  entire  surface.  If  the 
points  only  touch  on  one  side,  for  instance,  the  spark 
efficiency  will  be  greatly  reduced. 

In  regard  to  the  correct  gap  that  should  exist  between 
these  points,  much  depends  upon  the  magneto.  However, 
the  majority  of  manufacturers  supply  suitable  open-end 
wrenches  and  gages  for  all  necessary  adjustments  and  an 
operator  cannot  go  wrong  if  he  will  but  follow  these 
.scales. 

The  distributor  carbons  are  apt  to  cause  slight  trouble 
by  not  making  positive  contacts,  but  they  can  be  trued 
up  easily  as  already  mentioned.  Sometimes  when  carbons 
wear  considerably  they  do  not  bear  with  sufficient  pressure 
to  insure  a  positive  contact,  which  is  due  to  the  decreased 
tension  of  the  spring.  This  trouble  is  easily  remedied 
by  removing  the  carbon  and  bending  out  the  spring. 

The  component  parts  of  a  spark  plug  should  be  kept 
tightly  assembled,  the  points  clean  and  about  the  thick- 
ness of  a  dime  apart.  Inspection  of  the  breaker  points  is 
had  by  removing  the  cover.  Some  operators  make  a  prac- 
tice of  cleaning  out  this  box  with  gasoline,  but  if  this  is 
done  care  must  be  taken  not  to  slop  gasoline  around,  for 
if  the  motor  suddenly  starts  the  gasoline  in  the  breaker 
box  is  likely  to  be  set  on  fire. 

Before  removing  a  "set"  magneto,  suitable  timing 
marks  should  be  made,  for,  otherwise,  trouble  will  be  ex- 
perienced when  putting  it  back. 


A   Successful   Marine   Producer   Plant 

About  two  years  ago  the  barkentine  "Archer,"  a  I  mat  ? 
of  900  gross  tons,  operated  by  the  Tacoma  &  Roche  11  ii- 
bor  Lime  Co.,  between  Roche  Harbor  and  San  Fran(  i-  n 
was  equipped  with  a  .suction-gas  power  plant.  Tins 
plant  has  proved  a  decided  success.  Although  trouMis  . 
have  come  up  now  and  then,  they  could  almost  always  lie 
traced  to  improper  handling  of  the  plant. 

The  producer  was  built  in  Olympia,  Wash.,  and  i>  oi 
;i(>0-hp.  capacity.  It  is,  strictly  .speaking,  a  conibiiuii  i  n 
u))-draft  and  down-draft  type.  The  gas  outlet  is  a  laiL;i- 
tul)e  passing  down  the  center  of  the  producer  to  within  a 
few  feet  of  the  grate,  and  all  the  gas  above  the  lower  end 
is  drawn  down  through  the  fuel  bed,  then  up  the  tiilie. 
The  washing  apparatus  consists  of  several  centrifiiuul 
washers  only;  no  tower  scrubbers  nor  dry  scrublicis 
being  employed.  These  washers  have  given  perfect  satis- 
faction when  furnished  with  plenty  of  water.  As  no 
other  washing  apparatus  is  used,  the  water  supply  reqii  1 1 « - 
special  attention,  since  the  lignite  produces  large  qua  un- 
ties of  tar. 

The  engine  is  a  300-hp.,  four-cylinder  Xash,  runimig 
at  335  r.p.m.,  the  exhaust  line  being  supplied  with  a 
heater,  which  furnishes  steam  for  keeping  the  clinkers 
soft  in  the  producer.  A  20-hp.  gasoline-electric  generat- 
ing set  furnishes  power  for  the  air  compressors  and  liuliis 
when  the  large  engine  is  not  in  operation.  A  generator 
is  also  belted  to  the  larger  engine,  so  that  when  the  Imat 
is  under  way  the  smaller  engine  is  shut  down. 

The  fuel  is  cheajj  lignite,  which  is  so  plentiful  in  the 
state  of  Washington.  This  is  very  high  in  moisture, 
often  reaching  35  i:)er  cent.  It  is  also  high  in  ash,  averag- 
ing about  15  per  cent.,  and,  of  course,  is  high  in  volatile 
matter  with  low  fixed  carbon. 

On  the  "Archer"  little  trouble  is  had  with  clinker  when 
the  firemen  work  the  producer  properly,  but  when  neg- 
lected, clinkers  are  bound  to  cause  more  or  less  trouble. 
Some  time  ago  the  firemen  decided  to  quit,  and  during 
the  last  few  days  they  were  on  shift  neglected  the  pro- 
ducer ;  the  result  was  the  formation  of  bad  clinkers. 

This  lignite  costs  from  $1.75  to  $3.75  per  ton  in  the' 
bin,  depending  upon  the  size ;  the  pea  size  giving  as  good 
satisfaction  as  the  nut.  The  hoppers  of  the  producer  will 
not  readily  feed  coal  which  is  larger  than  nut  size.  A' 
supply  of  coal  is  taken  on  only  once  for  the  round  trip 
from  Roche  Harbor  to  San  Francisco  and  back. 

Only  two  men  are  on  shift  at  a  time:  one  fireman  and 
one  engineer.  The  fireman  handles  the  producer  only. 
and,  therefore,  has  no  reason  for  not  keeping  it  in  good 
condition.  Everything  is  arranged  very  conveniently  lor 
the  engineer.  When  starting  the  engine  he  does  not  have 
to  run  from  one  place  to  another  to  close  purge  valves,  air 
valves,  etc.,  as  everything  is  located  so  that  all  val\cs 
can  be  operated  right  at  the  engine. 

This  plant  is  of  special  interest  because  it  has  now  Imcii 
in  operation  just  about  long  enough  to  give  a  good  nlra 
of  what  can  be  done  with  marine  lignite  gas-producer 
plants.  The  successful  performance  of  this  installation 
means  much  to  the  Pacific  Xorthwest  where  there  are 
enormous  fields  of  lignite  unfit  for  almost  any  purpose 
except  gas  producers.  The  "Archer"  was  the  first  boat 
of  any  consequence  on  the  Pacific  coast  to  install  gas 
power  and  it  has  been  watched  with  interest. 

Seattle,  Wash.  George  W.  Muencii. 
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The  Properties  of  Saturated  Ammonia 
Vapor 

p]xperimental  data  on  ammonia  has  been  meager  and 

Ie  tables  on  the  properties  of  ammonia  which  have 
een  used  are  known  to  be  inaccurate  in  many  particulars, 
lealizing  this  fact,  the  University  of  Illinois  Engineering 
<]xperiment  Station  has  carefully  analyzed  the  available 
l:itii  on  the  subject  and  worked  out  tables  of  the  prop- 
it  ics  of  both  saturated  and  superheated  ammonia  and 
)csides  a  convenient  chart  for  solving  graphically  the 
isiial  practical  problems  met  in  refrigerating  practice. 
rinse  data  appear  in  Bulletin  No.  66,  just  issued. 

The  authors,  G.  A.  (ioodenough  and  W.  E.  Mosher, 
were  exceptionally  thorough  in  their  investigations  and 
ire  to  be  congratulated  on  producing  a  work  which  is  the 
lati'st  and  best  on  the  subject  and  should  be  generally 
;i(l(ipted  for  standard  reference.  Due  to  lack  of  space 
iiily  the  tables  on  saturated  ammonia  vapor  and  liquid 
niiiinonia  will  be  presented  in  this  issue  and  for  the  same 
rciison  some  of  the  intermediate  values  were  omitted  to- 
wn id  the  end  of  Table  2.  Following  is  a  review  of  wiiat 
the  authors  have  to  say  concerning  the  tables: 

As  in  the  case  of  steam  and  many  othei-  technically 
iiuportant  vapors,  the  first  reliable  experimental  knowl- 
edge of  the  properties  of  ammonia  was  derived  from  the 
work  of  Eegnault.  He  determined  experimentally  the 
relation  between  the  pressure  and  the  temperature  of  the 
saturated  vapor  and  expressed  it  by  means  of  empirical 
formulas.  He  also  determined  the  relative  volumes  of 
the  superheated  vapor  at  different  pressures  along  an 
isotherm  for  the  temperature  8.1  deg.  C,  the  specific 
heat,  the  theoretical  density  and  the  experimental  den- 
sity of  the  gas.  The  determinations  made  by  Eegnault  of 
the  specific  heat  of  the  liquid  and  the  latent  heat  of 
vaporization  were  lost  in  the  reign  of  the  Commune  in 
1870;  twelve  of  the  determinations  of  the  latter  mag- 
nitude, however,  have  been  found. 

The  first  attempt  to  establish  the  fundamental  equa- 
tions for  the  vapor  of  ammonia  and  to  compute  tables 
of  its  ])roperties  was  made  by  Ledoux.  These  equations 
and  resulting  tables,  resting  as  they  do  upon  unsound 
hypotheses  and  meager  experimental  data,  are,  in  the 
light  of  later  investigations,  quite  inaccurate.  The  next 
theoretical  investigation  of  the  subject  was  undertaken 
by  Zeuner,  who  computed  new  constants  for  ammonia, 
in  the  equation  of  state  of  the  form  already  applied  by 
him  to  steam,  and  used  by  Ledoux  for  ammonia.  He 
also  constructed  empirical  formulas  for  the  inner  and 
outer  latent  heat,  and  the  specific  heat  of  the  liquid,  and 
by  use  of  these  formulas  computed  tables  which  appeared 
in  the  earlier  editions  of  his  thermodynamics.  In  the 
later  editions  the  values  thus  calculated  have  still  been 
used  for  temperatures  below  32  deg.  F.,  but  results  of 
later  experimental  determinations  have  been  used  above 
that  temperature.  These  tables  for  ammonia  vapor  are 
given  in  both  English  and  French  units. 


The  tables  now  used  most  extensively  in  refrigeration 
work  and  included  in  most  handbooks  on  refrigeration 
are  those  of  Wood.  These  tables  are  computed  from  for- 
laulas  derived  by  the  author  and  based  upon  Regnault's 
experiments.  About  the  same  date  (188!i)  tiiat  Wood's 
tables  appeared,  another  set  of  tables  was  published  by 
Peabody.  These  tables  were  based  upon  the  work  of 
Ledoux  and  u})on  the  same  form  of  equation  of  state, 
namely,  that  derived  by  Zeuner  and  applied  to  ammonia 
by  Ledoux,  but  with  the  constants  recomputed. 

Since  the  above  mentioned  tables  were  published  the 
properties  of  ammonia  have  been  made  the  subject  of 
considerable  experimental  work,  although  comparatively 
little  is  known  even  now  when  its  importance  in  tech- 
nical work  is  considered.  Beside  the  experimental  work 
enumerated  above  we  have  the  following  determinatioHs : 
Pressure-temperature  relation  by  Bliimcke,  Pictet,  Fara- 
day, Davies  and  Brill ;  critical  temperature  and  pressure 
by  Dewar,  Vincent  and  Chappuis,  Jaquerod  and  Schaffei' ; 
latent  heat  of  vaporization  by  von  Strombeek,  Franklin 
and  Kraus,  Estreicher  and  Schnerr,  and  Denton  and 
Jacobus :  specific  heat  of  the  liquid  by  von  Strombeek. 
liudeking  and  Starr,  Elleaii  and  Ennis,  and  Dieterici ; 
volume  (lu'  density)  of  the  liquid  by  D'AndreeifJ  Langc 
and  Dieterici;  volume  of  saturated  va])or  by  Dieterici; 
volume  of  superheated  vapor  by  L(mIuc.  (iuvc  and  Tcr- 
nuui  and  Davies;  specific  bent  ^t^'  the  superheated  \:'.por 
by  Keutel,  Yoller,  Wiedemann  and  Xernst,  the  existing 
data  on  the  latter  property  lieing  summed  up  by  Nernst. 
In  addition  to  the  above  direct  experimental  determina- 
tions of  the  various  properties  of  ammonia  there  is  avail- 
able a  set  of  throttling  experiments  performed  by  Wdbsa. 

A  great  deal  of  the  recent  experimental  work  has  been 
done  by  Dieterici.  He  has  coni])uted  a  table  of  the  jirop- 
erties  of  ammonia,  but  this  table  is  available  in  metric 
units  only,  and  may  be  improved  upon.  In  1!)07,  Wobsa 
published  tables  of  ammonia  vapor  based  upon  his  own 
experimental  work  and  that  of  Dieterici.  These  tables 
appear  in  the  1908  edition  of  Hiitte  and  have  been  con- 
verted into  English  units  and  extended  for  every  degree 
Fahrenheit  by  Macintire.  In  1908,  Wobsa  published 
a  revised  table  based  upon  a  new  form  of  equation  of 
state.  Among  other  tables  of  the  properties  of  ammonia 
which  have  appeared  in  metric  units  are  those  of  Mollicr 
and  of  Hybl. 

The  present  investigation  has  been  undertaken  with 
the  object  of  collecting  and  correlating  the  various  scat- 
tered experimental  data  on  the  suliject  of  the  properties 
of  ammonia.  An  attempt  has  been  made  to  reconcile 
these  data  by  means  of  well  known  thermodynamic  laws 
and  principles  so  that  the  results  may  be  consistent  with 
each  other;  and  to  express  the  various  properties  by 
means  of  formulas  from  which  tables  and  charts  in  Eng- 
lish units  may  be  prepared  for  use  in  solving  the  many 
problems  connected  with  refrigeration  work. 

It  is  fully  realized  that  the  experimental  evidence  is 
not  as  complete  as  could  be  desired  and  that  more  ac- 
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TABLE   1.     SATURATED   AMMONIA   VAPOR:     TEMPERATURE  TABLE 
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43.3  611.9  565.2  457.6  500.2 

44.4  511.0  555.4  456.6  500.4 

45.5  610.0  556.6  455.7  .500  5 

46.7  509.11555.5,454.7,500.7 

47.8  508.1  5.56. P  4.-.a-7  .500.9 

49.0  507  •-'  .5-^.11   2  4,-.?   7  -.111  .0 

50.1  .5(111  -'  ■■'•'•  11,1  .  7:11  J 
51.3  ,-)l),7     ,    ,        '  -     ,"1    ,1 

52.4|5I14     ,;    7   ,,       ■     :   :    ,     ■       ::l..:, 

53.6  511:1     1  .',77    ''    1  ;-     -    7::1     7 

54.8  502    4  557.1  417    s  .'.(II. ■> 

55.9  501.4  557.3  446.9  502.0 
57.1  500.5  657.5  445.9  502.2 
58.3:499.5,557.7  444.9,502.3 
69.4'498.S  557.9443.9  602.5 
60 . 6  497 . 5  S5S .  1  442 . 9  502 . 7 

01.8  490.5  568.3  441.9  502. S 
63.0  495.5  558.5  440.9  603.0 
64.2,494.5,558.7  439.9,503.1 
65.3'493.S  55S.9'438.9  503.3 

66.6  492.5  569.1  437.9  503.5 

67.7  491.5  559.2,436  9  603.6 

68.9  490.5  559.4  435.9  503.8 
70.11489.5  559.6  434.9  504.0 
71.3  488.5  559.8  433.9  504.1 
72.5  487.5  560.0  432.8  504.3 
486.5  660.2  431.8  604.5 


.293 

0.762  1.312 
0.751  1.331 
0.741  J.  349 
0  731I  1.368 
0.721  1.387 
0.711  1.406 
0.701  1.426 
1.446 
1.464 
1.567 
1.670 
1.792 
1.916 
2.045 
2.183 
2.330 


2.488 


0.683 
0.638 
0.597 
0.568 
0.522 
0.489 
0.458 
0.429 

0.402   

0.376  2.660 
0.352:  2.84 
0.330  3.03 
0.309  3.24 
0.2,S91  3.46 
0.270  3.70 
0.2521  3.97 
0.236  4.26 
0.219  4.57 
0.203  4.93 
O.ISS  6.32 
0.173  5.8 
0.15S,  6.3 
0.142'  7.0 
0.125  8.0 
0.104  9.6 
0.06814.75 


74 111  4S5'4  5illV:i  i;i("lls  504.6, 

76.1  4SI  1  ,7ii(i  7  ::-:  ,s  .504.8 
77.3  4-.  :    :     ,      -     .7  .-)04.9' 

78.5  1^7     ,    ,  ,'        ,77  506.1 

79.7  4M  ,  „,:  .,  7  505.2 
80.9  4,su.„  .71..,.   i-.7.l,  505.4 

82.2  479.2  561  .4  424.6,506.0 
83.4'478.2  661.6'423.5  506.7 

84.6  477.1  561.8  422.6  506.9 

86.8  476.1  561.9  421.4  506.1 
87.1  475.0  562.1  420.4  506.2 

55.3  474.0,662.3  419.3,606.4, 
89.0472.9  562.5  41S. 3  506.6 
90.8  471.8  662.6  417.2  506.7 
92.1  470.7  562.8  416.1  506.9 

93.3  469.6  56C.0  415.1  507.1 

94.6  468.5  563.1  414.0,507.2 
95. 9'467. 4563. 3  412.91607.4 
97.1  466.3  563.5  411.9  507.6 

98.4  465.2  563.7  410. s  507.7 

99.7  464.1,563.8  409.7  507.9 
101.0  463.0,564.0  408.6  508.1 
102.2'461.9'564.2'407.5  608. 2' 

103  .  5  460  S  564 .  4  406  . 4  508 .4; 

104  .s  45(1  7  564  .  5  405 . 3  608 .  6l 
106  1  45^  1.  504.7  404.2  50S.S: 
107.4  457.4  564.9  403.1  508.9 
108.7  456.3  565.0  402.0  509.1 
110.0  455.2  565.2  400.9  509.3 
1 1 1  . 3  454 . 0  565 .  4  399  . 8  509 . 4 
112.6  452. S  566.6  398.7  509.61 
114.0,451.7,665.7  397.6  509.8 
115.3  450.0' 565. 9  396.4  610.0 

116.6  449  . 4  566 . 0  395 . 3  510 . 2 
118.0  44S.2  566.2  394.2  510.3 

119.3  447.0  560.4  393.0  510.5 

120.7  445.8,566.5  391.9  610.7 

122.0  444.7566.7  390.7  MO.S 

123.4  443.5  566.8  3S9. 6  51 1.0 
124 . 7  442 . 3  567 . 0  3SS .  4  51 1 . 2 

126.1  441.1  567.2  387.3  511.3 
127.4,439.9  567. 3,386.1  511. 5 
128.8438.6  567.5'384.9  611. "i 
130  2  437  4  567.6  383.8  511.8 
131.6  436.2  567. S  382.6  512.0 
133.0  435.0  567.9  3S1.4  512.2; 
134.4  433.7,568.11380.2,512.4 
135.8'432.5  56S.3  379.0  512.6' 

137.2  431  .2  568.4  377.8  612.7, 
138.6  430.0  668.6  376.6  512.9 
140  0  428. 7  568.7  375.4  513.11 
141.5,427.4  56S.9  374.2  513.3 
142. 9426. 2*569.0  373.0  513.4' 
150  1  419  7  569. S  366.9  514.4 
\K1  .^413  (1570.6  360.6  516.3 
11,.-,  1  4:11,  J  -.71  .3  354.2,516.2 
177  :  ;::::  1  .,72.0,347.6  517.2 
is::  ,,  :;:,!  s  .j72. 7*340. 8  518. 2' 
I  VI  II  :l^l   :(  .^73. 4  333.9  519.2 

1  197.5  376.6  574.0  326.8  520.2 
i  206.2  368.6  574.7  319.4  521.2 
I  215.2  360.2  575.4  311.8  522.3 
351.5 


0.0537  1.0157,1.0694 
0.0569  1.0119, 1.0678 
0.0580  1.0083  1.0663 
0.0601  1.004811.0647 
0.0623  1.0009;1.0632 
0.0644  0.9973  1.0617 
0.0665  0.99371. 0802 
0.0687,0.9900:1.0587 
0.0708  0.986311.0571 
0  0720  0.98271. 0556 
n  (iT.'.ll  0  9791  1  0.541 
-7  1  :i  :,777  1  0626 
-  "  ■•-:■■  I   11511 


(I.J4II  1.0438 
'I.-.II4  1.0423 
"lil'i  1.0409 
'1114  1.0.395 
'iH'is  1.(3381 
■.i:li,:l  1.0367 
9:(2s  1.0353 
0.1047  0.9293  1.0339 
0.1068,0.9258  1.0326 
0.1090  0.9222  1,0312 
0.1111  0.9187,1.0298 
0.1132'o. 9153  1.0285 
0.1153,0.9118:1.0271 
0.11750.908311.0268 
0.1196  0.9049  1.0245 
0.1217  0.9014  1.0231 
(:  17.;>-'n.s:isii'i.0218 
II  177',  :,  s,,r,  1. 13205 
1:  :..!  ::  s',l:i  1.0191 
11  1  :::7  :,  ^.-7',  1  .0178 
::  '  -  :  ::  ^su  i.ulOS 
II  1711  ::.sM,s  1.0152 
1:  '  '7  :i  S771  ]  .0139 
II  1  -7  11  x7i,i  1.0127 
II  141IS  II.S7III,  1.0114 
0.1429  0.8072,1.0101 
0.1450'o. 863811.0088 
0.147110.8604  1.0076 
"  7-0063 

(3051 
,  0039 
7  ,  -  : .  ■  1  11026 
7.  ,  -  ,  ,  1  U014 
1'  :  7  ,'i  ::  ^  1::  :  1  0002 
0.  lr,21  I1.S3(1'.'  0.9990 
0.1642|0. 833610. 9978 
0.1664  0.830210.9966 


0.1772  0.813510.9907 
0.1794'0. 8102  0.9896 
0.1816  0.8068  0.9884 


0.1S3S  o!8035 
0.1859  0.8007 
O.lSSl'o.7969 
0.19030. 7936 
0.1926  0.7903 
0.1947  0.7870 
0.1968,0.7838 
0.1990  0.7805 
0.2012  0 


0.9873 
0.9861 
0.9850 
0.9839 
0.9828 
0.9817 
0.9806 
-  0.9796 
•2  0.9784 


342.4  .. 

.  .  295.7  . 

332.9  .. 

..287.2  . 

322.9  .. 

..  278.2  . 

312.3  .. 

..  268. S,. 

301    1    ,  . 

..  2SS.9  . 

..  248. 3  . 

.237.0  . 

..;224.S  . 

-41.   (1   .  . 

..'211.4  . 

.196.4  . 

,210. 0|.. 

.179.4  . 

186.4... 

. .  149 . 1  . 

I166.2  .. 

..133. 2  . 

jUO.i  .. 

..1  93.9,. 

looo.ol.. 

..     06.0. 

7390.9773 

0.2056,0.7707  0.9763 
0.207S  0.7674J0.9752 

II    Jl:':''::    7,:ll  11.9741 

I'  7-. 7  ,,  7,  "  ,  n,9731 
I'  -  1,1'  7  ,7,,  11,9720 
"   -    ■  -  ,     7-  1  ■:  : 1. 9710 

'•    -     ■    '  :■    77  11   11.9700 

t'    77-  ■  ,:   7  1-s  11.9689 

I  -  -  :  , ,  7  1  : 7  : 1 .  9679 
'  -7  '   :,  7  1 :,;  :i.9669 

II  777-  :i  7  :-::  0.9658 
U..-3U1  0.73470.9848 
0.23230. 7315  0.9638 
0.2346  0.7282  0.9628 
0.2368  0.7250;0.9618 
0.239llo.7217;0.960S 
0.2413  0.7185  0.959S 
0.2436  0.7153  0.9588 
0.2459  0.7120J0.9578 
0.2481  0.70880.9669 
0.2504  0.7055:0.9559 
0.2527  0.7023:0.9550 
0.2550  0.6990  0.9640 
0.2666  0.68280.9494 
0.2784  0.6665  0.9449 
0.2903  0.650210.9405 
0.3023  0.6339:0.9362 
0.31460.6174  0.9320 
0.3271  0.6009  0.92S0 
0.3399  0.6842  0.9241 
0.3530  0.5673!o. 9203 
0.3664  0.5502  0.9166 

0.5328  

0.5162  

0.4971  

.  .  0.4786 

0.4595 

0.4398  .. 

.  0.4193  . 
0.3977 
0.3749  . 
0.3504 
0.3237  . 
...  0.2938;, 
0.2590  . 
0.2156 

0.15101. 

0.0000' 
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SATURATED  AMMONIA  VAPOR:     PRESSURE  TABLE 


.1—  6S.5 
ii—  G2.0 

'■—  lit  To  9  IB  65w 
,1—  47  SI  SI  6  0  0316 
_  43  91  2b  3  b  0353 
)!_  40.4  25  75  0  03!j8J 
1 1—  37,2  23  60  b  04''4 
Si—  34,3    21     5    0  0460 

1—  31.5    20  16    0  040 
jl—  2S  9     IS  79    0  053 
I'—  26.4    17  60    0  056b 
rI—  24.1     16  5b    0  06041 
7—  21.9     15     4   I      06 
S_   19  s!    14  S      n  06 
9—   17.8,    14  09        0 
0—  15.9     13  45    0  0  41i 
,l_  14  0    12  8'  b  0  10' 

2—  12.21    1     27   b  Q^l 


.  10.5  n  77 
8.81  11  30 
7.2|  10  88 
5.7    10  50 


9  47 
9  17 
8  90 


0  OSoO  - 
0  Oi  5 - 
0  0919  - 

0  0953I- 

0  09h7  - 
0  102  1- 
0  105  'r 
0  1090  - 
0  11  4- 
11  8- 
0  119  I- 
0    1 


12.2 
13.3 

14.4 
15.4 
16.4 
17.4 
18.4 
19.4 


48  20!3i 

49  21.2 
50,  22.1 
61'  23.0 
62  23.9 
53  24.8 


29.7 
30.5 

31.3! 


64;        33' 


38. 61 
37.2 
37.9 
38.6 


43:9 
44.5 
45.1 
45.8 
46.4 
47.0 
47.6 
48.2 


52.8 
53.3 
53.9 
54.4 
55  0 

55  5 

56  0 

56  6 
57 

57  6 


7   J3 

7  73    -   - 
7  52   b   1 
7  84    0   1' 
7   16  b  139    - 
6  989|0  1431  - 
6  8240   1465  - 
6  66S  0  15001- 
6  5  0  0     534  - 
6   iSOO  I '567  - 
6     470   16011- 
C  1  ob       34'- 
6  999  0 
5       3       1 


5     74  0  — 

5  1S4  0   19  9i  — 

6  097  9fi  '  — 
5  01  — 
4  9  3  0  — 
4     4    0       63  — 


4   17 
4  110 
4  065  0 


3  858,0     59 
3  81l'0     6  4' 
3  7ra 


3  7 


6 


68 


3  676  0     7 
3  633l0  2  631 
3  59  b  •>  85| 
3  549        8  >>i 
3  50    0  2851 
3  468  0     834 
3  429i0  2917 
3  390'0     950 
3  35    0         3 
3  316  0  30  7 
3  278|0  3  5 
3  2520  3076 
3  2160  3110 
3   1810  31H\ 
3  1470  3178| 
3   1140  'i   1 
3  0820  32451 
3  0610  ?  7Sl 
3  0210  33  0 
2  99    0  334 
2  9640     374 


13  b 

14  5d!6 

15  2|534 


936 


406, 


2  909b  343s' 


60  6 

61  1 

61  6 

62  1 

62  6 

63  1 

63  6 

64  0 


65  8 

66  3 
66  8' 


2.409i0.4153 
2.390  0.4185 
2.37110.4218 
2. 353b.  4250 
2.33510.4283 
2.3170.4316 
2.300  0.4348 
2.2830.4381 
2. 266b. 4414] 
2  249'0-4447 
2.23310  4479' 
2  217:0  4511 
2,201i0.4544 
2  lS,5b  4577 
2  li;!l  11  41U0 
2.154  I 


39.0  615.4  654. 

39.5  515.01564 ,.        „. 

40.0, 514. 6:.;54. 6:460  4  499.7 


.139 
2.124 
2.109 
2.095 
2.0.S2 
2.070 
2.057 
2.043 
2.029 
2.015 
2.002 


,;467^ 
0.4708 
0.4741 
0.4773 
0.4804 
0.4835 
0.4867 
0.4890, 
O.493I 
0.49631 
..„„_  0.4995 
1.989,0. 6028, 
1   976b.  5O60' 
1.964'0.50.;2 
1.952,0.5123 
1.040,0.5155 
1.9280.61871 
1.916b.5220i 
1  90410,52531 
1.89210.5286 
1., 880  0.5320 
1.868,0.5353 
1.857b.  5386 
1.846  0.5418 
1.835  0.5450, 
1.824:0.5483 
1.8140.5615 
1.803b.  5547 
I.793I0.5578 
1    783,0  56091 
1,773  0,.5(i41 
1.763,0.5673 
1.753'0  .S7",. 
1.74310  ,"-■  : 
1.7330,,".: 
1,7230,.".^". 
1.7130.5bub 
I.704I  0.5869 
1.694  0.5902 
1.6S5!0.693- 
1 
1 


O.UUlO. 9183, 1.0297 


90.1 
90. 4I 
90.7, 
91.1 
91. 4| 
91.7, 


92. 7| 
93.0 
93,41 


2  486  0  4023 
2  466  0  40d6 
2  4460  4089 


34  8  51 

35  4  51 
35  9  5 
3b  4I5 
3r  9  5 
37  4  61 

37  9  51c 

38  5I5I5 


j(;il 

112.7 

1,1 

J  JO 

113.7 
116.2 
116.2 
117,6 
120.0 

0  Obb  0  J3 
0  or  8  0  9915 
0   fiSH  0  9898 

1  060U| 

1  0593 

1  0586 

0579 

300 
360 
400 
450 
.500 

122.4 
133.2 
142.9 
161.9 
160.0 

5' 
7, 
ll 
44 

560 
600 
650 
700 

167.6 
174.7 
181.4 
187,7 
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■urate  experimental  work  may  render  necessary  a  slight 
evision  of  the  value  of  the  constants  in  the  equations 
jresentei  Hence  the  tabular  values  resulting  from  the 
'quations  are  not  to  be  considered  as  final,  but  as  best 
•epre.senting  tJic  |)ri'.sunt  knowledge  of  the  properties  of 
imnioiiia. 

Of  the  three  tables  reproduced,  the  first  and  second 
)n  pages  fiO  and  61  are  for  the  saturated  vapor  of  am- 
nonia  and  give  explicitly  all  of  the  properties  that  are 
irdinarily  needed  for  u.se.  Table  3  gives  the  thermal 
,)roperties  of  liquid   ammonia. 


Temp. 
Deg.  P. 

Pressure 
Lb 

Sp.  Vol.  Cu. 
Ft.  per  Lb. 

Density 

Lb.  perCu.Ft. 

144  ApV 

Heat 
Content 

—no 

—105 
—100 

—  96 

—  90 

—  85 

0.758 
0.94" 
1.17B 
1.450 
1.778 
2.167 

0  02202 
0  02211 
0.02220 
0  02229 
0  02239 
0  02248 

45.42 
45  23 
45  04 
44.85 
44  66 
44  47 

0  003 
0  01)4 
0.005 
0  006 
0  007 
0  009 

:■-'::: 

—  80 

—  75 

—  70 

—  65 

—  60 

—  55 

2.626 
3.164 
3.791 
4  518 
5.3,58 
6.324 

0.02258 
0.02268 
0,02278 
0.02288 
0.02299 
0.02309 

44,28 
44  09 
43,89 
43  70 
43,51 
43  31 

0  on 

0  013 
0  016 
0.019 
0.023 
0  027 

—  50 

—  45 

—  40 

7.43 
8.69 
10  12 
11.74 
13. .56 

0  02320 
0  02331 
0,02342 
0,02353 
0  02364 

43,11 
42  91 
42  71 
42  50 
42  30 

0  032 
0  038 
0  044 
0  051 
0  059 

—85-67 
-80,49 
—75  31 
—70,13 
—64.94 

—  25 

—  20 

—  15 

—  10 

—  5 

15.61 
17  91 
20  46 
23  30 

26.46 

0  02376 
0,02388 
0  02400 
0  02412 
0  02424 

42  09 
41.88 
41    67 
41    46 
41.25 

0  069 
0  079 
0.091 
0    104 
0,119 

—59.75 
—54.56 
—19.36 
—44.15 
—38.92 

0 
5 
10 
16 
20 

29.95 
33.79 
38-02 
42.67 
47.75 

0  02437 
0  02450 
0  02463 
0  02476 
0  02490 

41    04 
40  83 
40  61 
40  39 
40   17 

0  135 
0.153 
0,173 
0  196 
0.220 

—33  68 
—28  43 
—23,17 
—17,89 
—  12,59 

25 
.10 
35 
40 
45 

53.30 
59  35 
65.91 
73.03 
80  75 

0  02503 
0  025IS 
0  02531 
0  02547 
0  02562 

39  95 
39  72 
39  50 
39.27 
39  04 

0  247 
0-277 
0  309 
0  344 
0-383 

—  7,26 

—  1   90 
+    3  48 
+   8,88 
+  14.32 

50 
55 
60 
65 
70 

89.1 
98  0 
107,7 
118.1 
129,2 

0  02577 
0  02593 
0  02609 
0  02626 
0  02642 

.38-81 
38,57 
38  33 
38  09 
37  85 

0  425 
0  471 
0,520 
0  574 
0  632 

19  80 
25  31 
30.87 
36  48 
42   14 

75 
SO 
S5 
90 
95 

141    1 
153  9 

167,4 
181.8 
197.3 

0  02660 
0  02678 
0  02696 
0  02714 
0  02734 

37  60 
37  35 
37   10 

36 ,  84 
36   58 

0  70 
0  76 
0  84 

0  92 

1  00 

47.84 
53.60 
59.43 
65  32 

71.28 

100 
105 
110 
115 
120 

213.8 
231,2 
249.6 
269.2 
289.9 

0  02753 
0  02774 
0  02795 
0  02816 
0  02839 

36  32 
36  06 
35  79 
.35  51 
35  23 

I  09 
1    19 
1   29 
1   40 
1   62 

77.30 
83  39 
89  57 
95.85 
102 . 24 

125 
130 
135 
140 
145 

311.6 
334.6 
358  8 
384.4 
411.3 

0  02862 
0  02886 
0  02910 
0  02936 
U  02963 

34,95 
34  66 
34   36 
34  06 
33  76 

1   65 
1,79 

1  93 

2  09 
2,26 

108.73 
115  32 
122  02 
128.83 
136.78 

150 
156 
160 
165 
170 

439  5 
469.1 
500.1 
532.6 
566.6 

0  0299 
0  0302 
0  0305 
0,0308 
0,0312 

33  45 
33   13 
32,80 
32,47 
32  03 

2  43 
2.62 
2.82 
3.04 
3.27 

142.87 
150.11 
157.52 
165.11 
172.88 

175 
180 
186 
190 
195 

602.2 
639.5 
678,4 
719  0 
761   4 

0  0315 
0,0318 
0  0322 
0  0326 
0  0330 

31,8 
31.5 
31.1 
30.7 
30  3 

3.51 
3.77 
4  05 
4  34 
4  65 

180.85 
189  03 
197  46 
206.16 
215   18 

200 
205 
210 
215 
220 

805  6 
861.7 
899.7 
849.6 
1001.4 

0  0335 
0  0340 
0.0345 
0.0350 
0.0355 

29.9 
29.4 
29.0 
28.6 
28  2 

4.99 
5  36 

5  75 

6  16 
6  59 

■;:■:: 

225 
230 
235 
240 
245 

1056.3 
nil  3 
1169.5 
1229.9 
1292  5 

0  0361 
0  0368 
0  0376 
0  0384 
0  0393 

27  7 
27  2 
26.6 
26,0 
25  4 

7   1 

7  6 

8  1 
8.7 

9  4 

, , . . . 

250 
265 
260 
265 
270 

1357  4 
1424  7 
1494.4 
1566  6 
1641.3 

0.0404 
0  0417 
0  0435 
0.0457 
0  0500 

24.8 
24.0 
23  0 
21  8 
20  0 

10  2 
11.0 
12.0 
13.3 
15.2 

273  2 

1690.0 

0  0678 

14   75 

21.2 

In  tables  1  and  3  the  argument  is  the  temperature. 
>ince  it  is  often  convenient  to  be  able  to  work  roughly 
t  very  high  and  very  low  temperatures,  these  tables 
lave  been  extended  on  the  one  hand  to  the  critical  point 
(self  and  on  the  other  hand  to  — 110  deg.  F.  However, 
ince  the  data  upon  which  the  tables  are  based  are  not 


well  known  at  these  extreme  temperatures,  the  values 
above  160  deg.  and  below  about  —40  deg.  should  not  be 
used  with  too  much  confidence. 

In  Table  2  the  argument  is  the  pressure.  The  value.'^ 
above  500  lb.  per  s(i.in.,  and  those  below  10  lb.  per  sq.in. 
are  less  certain  than  those  lying  between  these  pressures. 

Ammonia  to  Charge    a  Compression 
Plant 

The  amount  of  ammonia  required  to  charge  a  com- 
pression plant  of  a  certain  tonnage  varies  somewhat  with 
each  individual  plant  as  it  depends  primarily  on  the  oji- 
eratiug  ]5ressures,  the  expansion  surface  per  ton  of  re- 
frigeration and  somewhat  on  the  general  layout  of  the 
plant.  The  .solution  of  a  specific  problem  may  be  of  in- 
terest. 

Take  a  compressor  of  13  tons  capacity  having  a  cylin- 
der 7x18  in.  and  a  speed  of  70  r.p.m.  The  condenser  is 
made  up  of  double  pipe  20  ft.  long  and  12  pipes  high. 
the  inside  water  pipe  being  11/4  in.  in  diameter  and  the 
outside  ammonia  pipe  2  in.  The  brine  cooler  has  double 
pipe  16  ft.  long  and  12  pipes  high,  consisting  of  a  2-in. 
inside  brine  pipe  and  a  3-in.  outside  ammonia  pipe.  A.s- 
sume  a  receiver  71/2  ft.  long  and  8  in.  in  diameter.  Then 
determine  the  amount  of  ammonia  in  pounds  required  t" 
fully  charge  the  plant,  the  amount  of  ammonia  for  the 
high-  and  low-pressure  sides,  and  the  ammonia  per  foot 
of  expansion  pijjing. 

A  13-ton  compression  system,  including  the  refrigerat- 
ing machine,  ammonia  condenser,  ammonia  receiver  ami 
the  piping  connecting  these  apparatus  would  require 
about  150  lb.  of  ammonia  for  the  first  charge.  Of  this 
quantity  about  20  lb.  is  needed  for  the  condenser,  50 
lb.  for  the  receiver  and  the  balance  for  the  refrigerating 
machine  and  the  connecting  piping.  A  double-pipe  brine 
cooler  of  the  dimensions  given  would  require  approxi- 
mately 60  lb.,  making  a  total  of  210  lb.  for  the  system. 

When  the  plant  is  fully  charged  and  in  operation  the 
ammonia  receiver  should  be  about  one-half  full  and  in 
this  condition  will  hold  about  50  lb.  of  ammonia. 

The  quantity  of  ammonia  required  for  a  compression 
system  varies  with  the  size.  A  5-ton  refrigerating  ma- 
chine would  take  20  lb.  per  ton  and  a  30-ton  refrigerating 
machine  about  10  lb.  per  ton.  For  2-in.,  direct-expansion 
piping  it  is  customary  to  figure  0.15  lb.  per  ft.  of  length, 
and  0.1  lb.  per  ft.  of  li/^-in.  pipe.  In  some  plants  a 
larger  allowance  per  foot  of  piping  is  made,  but  the 
above  figures  may  be  safely  taken  for  a  plant  operating 
under  average  conditions. 

Ammonia  in  Brine 

The  presence  of  some  ammonia  in  calcium  chloride 
brine  does  not  afPeet  its  use  in  freezing  tanks  unless  the 
quantity  of  ammonia  is  so  great  that  it  will  prevent  the 
absorption  in  the  brine  of  a  suflScient  quantity  of  cal- 
cium chloride  for  the  density  required.  While  the  am- 
monia in  the  brine  will  slightly  affect  its  freezing  point, 
it  will  tend  to  lower  the  freezing  point  rather  than  raise 
it.  Therefore,  if  the  brine  will  dissolve  sufficient  calcium 
chloride  to  bring  its  density  up  to  90  deg.  salometer  or 
thereabouts  it  can  be  safely  used.  This  can  be  tested  out 
by  filling  a  pail  with  the  brine  and  adding  calcium  chlor- 
ide sufficient  to  raise  its  density  as  above  stated. 
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Condition  of  New  Jersey's  License  Law 

New  Jersey's  lieeiise  law  took  elfect  on  July  I,  l!M;i. 
but  it  is  doubtful  whether  the  Steam  Engineers'  and 
Boiler  Operators'  Lieense  Bureau  will  be  organized  for 
some  time,  as  the  legislature  failed  to  appropriate  the 
necessary  funds  for  carrying  out  the  provisions  of  this 
law.  The  excuse  for  this  is  that  the  law  was  passed  dur- 
ing the  closing  hours  of  a  special  session.  For  this  rea- 
son no  rules  and  regulations  have  been  drawn  up,  and 
nothing  definite  can  be  accomplished  until  Wie  appropria- 
tion is  made.  This  it  will  be  the  legislature's  duty  to 
do  immediately  on  convening  at  the  next  regular  session. 

The  (iomniissiouer  of  Labor  has  been  advising  owners 
and  managers  of  the  plants  in  which  stationary  eiigine.s 
or  boilers  are  used  to  file  a  memorandum  with  his  office, 
giving  a  list  of  all  engineers  and  firemen  who  would  be 
in  their  employ  on  July  -1,  1913,  and  who  would  be  en- 
titled to  licenses  without  examination  as  provided  for  in 
the  law.  It  would  materially  assist  the  Commissioner  of 
Labor  if  those  who  should  furnish  this  information  will 
do  so  promptly,  addressing  the  Commissioner  of  Labor 
at  Trenton,  N.  J.  It  will  thus  be  possible  for  the  De- 
partment of  Labor  to  forward  the  necessary  formal  appli- 
cation blanks  to  such  owners  or  managers  as  soon  as  the 
License  Bureau  is  organized,  and  there  should  be  no  diffi- 
culty in  having  these  applications  sent  out  and  returned 
witliin  the  sixty-day  limit  ])resci'il)ed  by  the  Act. 


A  Central-Station  Mistake 

If  store  current  is  cheaper  than  home-made,  buy  it ; 
otherwise,  make  it  yourself.  This,  in  brief,  is  and  always 
has  been  Power's  position  on  the  isolated-plant-central- 
station  question.  There  are  enough  who  cannot  have 
their  ow"n  plants  and  must  buy  current  to  give  the  cen- 
tral stations  plenty  to  do.  They  should  stick  to  this 
field.  It  deserves  more  of  their  care  and  attention,  but 
does  not  get  them  because  it  is  business  that  cannot  get 
away  anyhow.  It  is  neglected  while  every  effort  is  turned 
on  grabbing  up  all  the  isolated  plants. 

To  see  the  avidity  with  which  the  central  stations  are 
going  after  the  small  plants  one  would  think  they  were 
trying  to  stamp  out  a  plague.  If  tlie  health  and  police 
de])artments  of  our  large  cities  were  correspondingly  en- 
terprising, disease  and  crime  would  be  fa.st  disappearing. 

It  is  all  wrong  for  the  central  stations  to  try  to  close 
up  the  isolated  plants  that  are  operating  economically. 
If  they  would  be  sincere  in  their  reports  on  the  justifica- 
tion of  their  service  in  any  individual  proposition  the 
public  would  have  more  confidence  in  them  and  it  would 
not  be  necessary  to  emjiloy  spellbiiulers  as  business 
solicitors. 

When  a  central  station  goes  so  far  as  to  offer  to  op- 
erate an  isolated  plant  when  it  has  lost  hope  of  closing 
it.  look  out!  The  argument  to  the  owner  will  be:  "Your 
business  is  so  and  so,  we  would  not  attempt  to  tell  you 


liow  to  run  it,  but  ours   is  making  current  and  we  can 
o])erate  your  own  plant  cheaper  than  you  can." 

The  scheme  is  very  insidious,  for  once  inside  the  plant, 
and  with  every  interest  in  seeing  it  sliut  down,  the  cen- 
tral station  can  hardly  be  expected  to  do  otherwise  than 
try  to  strengthen  its  plea  to  sell  current  by  running  the 
equipment  at  a  disadvantage.  If  the  central  station  does 
save  money  over  the  building's  operation  of  its  own  plant 
it  is  mainly,  if  not  almost  entirely,  in  the  labor  item. 
With  cheaper  help,  what  is  likely  to  happen?  Repairs 
will  be  neglected,  failures  of  the  service  will  be  more 
frequent,  until,  if  the  i)lan  works  out  as  it  is  meant  to, 
the  owner  closes  down  liis  plant  in  disgust  and  buys  the 
current. 

Peally,  it  is  not  half  as  clever  as  it  at  first  appears,  for 
it  would  be  a  rather  stupid  owner  that  would  not  see 
through  the  ruse.  Further,  the  turn  about  from  an 
argument  to  sell  current,  claiming  that  the  plant  can- 
not make  it  as  cheap,  to  an  olTer  to  operate  the  plant, 
shows  insincerity  at  once. 

The  sooner  the  central  stations  and  all  other  such  com- 
jianies  realize  that  "public  service"  means  service  of  not 
by  the  public,  the  better  it  will  be  for  all  concerned.  Ti 
other  words,  they  should  cling  to  the  fundamental  ])riii  ' 
ciple  that  they  were  created  for  the  public,  not  the  publ;» 
for  them. 


Office-Building  Power  Plants 

Time  was,  and  that  not  so  long  ago,  when,  with  scarce- 
ly an  exception,  the  mechanical  equipment  of  the  ofKce 
building  was  considerc.l  a  necessary  evil  to  be  obtained 
as  cheaply  as  possible  and  tucked  away  in  obscure  cor- 
ners of  a  low-ceiling  basement  with  indifferent  provisionfi 
for  ventilation,  if  any  at  all,  and  scant  thought  of  provid- 
ing for  efficiency  on  the  part  of  either  the  apparatus  or 
the  operators. 

Lately,  however,  ideas  in  this  direction  have  changed 
markedly  and  the  best  practice  today  is  to  lay  out  the 
plant  with  as  much  thought  and  effort  toward  reliability 
and  efficiency  as  are  used  in  the  construction  of  any  other 
type  of  plant  no  matter  what  its  purpose. 

The  plant  of  the  Otis  building,  described  in  this  issue, 
is  a  case 'in  point.  When  it  is  known  that  its  design  was 
supervised  by  a  man  who  had  had  large  experience  in  the 
operation  of  plants  of  this  type  and  knew  their  shortcom- 
ings thoroughly,  it  is  no  great  cause  for  wonder  that  es- 
pecially careful  provision  was  made  for  accessibility, 
proper  ventilation  and  the  recording  of  operating  data, 
all  rarities  in  steam  plants  of  a  few  years  ago. 

Some  may  criticize  the  employment  of  such  devices  as 
air  washers  as  unwarranted  or  extravagant,  but  it  is 
doubtful  if  such  criticism  is  justified.  Clean  air  reduces 
the  accumulation  of  dust,  and  humidified  air  increases 
personal  comfort,  especially  in  the  winter  time,  and  hence 
tends  to  increase  human  efficiency.  Both  of  tliese  ends 
are  worth  reasonable  effort  to  attain. 
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Wuiiiiiin,n-  and  measuring  devico.s  for  tlio  systematic 
icumulation  of  oijcrating  data  arc  corning  to  be  con- 
dered  iilnK)st  vital  and  scarcely  a  new  plant  of  any 
ind    is  iTccted   now   without  such  c(juipment. 

Shipping  Power-Plant  Equipment 

\\'li\-  Anicriciui  manufacturers  hare  to  be  continually 
iiitioni'd  to  use  more  judgment  and  care  in  shipping 
oods,  especially  to  the  South  American  markets,  seems 
:range.  Competition  is  sufficiently  keen,  and  surety 
tiough  business  has  been  lost  to  awaken  them  to  the 
■alization   tbat   something  is  wrong. 

The  troidilc  is  not  usually  with  the  design  or  construe- 
on  of  llie  (Mpii|iment  but  with  the  manner  in  which  it 
.  -^hipped.  It  nuiy  lie  argued  that  goods  are  shipped  and 
rated  iiricu-diiig  |o  s]iceilieations.  ami  that  if  connnodities 
re  received  hrokeii  or  deranged,  it  is  the  fault  of  the 
iiiiiers.  lloweNcr  true  this  may  be,  it  is  no  consolation 
1  Ihe  piii-ebaser.  Me  wants  the  goods  to  use.  Xaturally, 
lose  niaiiiifaeliii-ers  whose  goods  are  received  so  that  they 
i-e  ieail\  to  use  when  assembled,  will  get  more  orders 
liaii  those  whosi-  goods  are  broken  and  deranged  regnrd- 
'ss  <if  specifications  as  to  shipping. 

The  secret  of  the  success  of  the  Germans  and  the 
'rench,  and  jxissilily  the  English,  in  the  South  American 
larket  is  the  key  to  the  Americans'  failure — poor  crat- 
ng.  The  successful  manufacturers  have  had  the  fore- 
iglit  to  send  South  American  consignments  in  especially 
troug  cases  and  in  parts  small  enougb  to  lie  readily 
andled  l)y  the  tackle  ami  carriers  cliaraeteristii'  to  those 
ountries.  Engines,  generators  and  other  machinery  for 
lilies,  etc.,  located  in  mountainous  districts  must  usual- 
y  be  conveyed  by  mule-back  or  taken  over  special  high- 
rays  built  at  considerable  cost. 

It  may  seem  proper  to  ship  delicate  instruments,  for 
xample,  Orsat  apparatus,  electrical  meters,  etc.,  in  or- 
inarily  heavy  cases  and  with  the  usual  amount  of  ex- 
elsior  or  other  padding,  but  it  is  not.  Cases  and  .such 
re  usually  unloaded  from  the  ships  in  rope  slings  and 
urge,  heavy  cases  are  likely  to  crush  the  smaller  ones 
lid  their  contents  when  the  sling  load  is  landed  on  the 
IK  r.  When  breakage  occurs  it  means  that  the  engineer, 
liio  is  anxious  to  complete  an  installation  or  thoroughly 
est  eipiipmeiit  before  he  leaves  it  in  hands  not  any  too 
ompetciit.  must  wait  weeks  for  aiiotlier  instrument  to 
eplace  the  broken  one  or  go  home  after  doing  his  best 
inder  adverse  circumstances.  Conditions  like  this  some- 
imes  have  a  doubly  injurious  effect  on  Americans.  The 
lative  owners  become  dissatisfied  with  the  engineer  as 
;-ell  as  with  the  manufacturer. 

The  suggestion  is  sometimes  heard  that  fragile  or 
Iclieate  instruments  would  be  more  cm'tain  to  reach  their 
lestination  safely  if  taken  apart  and  the  pieces  packed 
n  separate  coiujiartments  in  one  case.  This  is  unques- 
ionably  I  rue.  but  unless  com]ietent  men  were  available 
o  assemlile  the  instrument  or  niachiiie,  dissatisfaction 
rould   be  ,as  strong  as  over. 

Ainerieaii  design  and  construction  of  |)owci--plant 
(piipment  equals  tbat  of  any  other  country.  If  we  used 
iroper  methods  of  crating  and  shipping  and  gave  thor- 
ugh  consideration  to  the  facilities  for  handling  eqiiip- 
iient,  no  Euro[icaii  nation  should  surpass  ns  in  supply- 
ntr  distant   markets. 


New  Ammonia  Tables 
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During  late  years  the  held  ( 
has  broadened.  It  has  been 
machines  and  apparatus  employed  arc  being  made  larger 
and  better  and  the  total  tonnage  in  refrigerating  and 
ice-making  output  has  had  its  annual  increase.  Witii  its 
increasing  importance  an  aciuiratc  knowledge  of  the  prop- 
erties of  refrigerating  fluids  has  bc'come  more  urgent. 
For  ammonia,  the  most  important  of  these  fluids,  a  num- 
ber of  tables  based  upon  meager  data  of  various  author- 
ities have  been  used.  These  tables,  giving  the  properties 
of  ammonia,  differ  and  it  is  known  that  all  of  them  con- 
tain inaccuracies.  For  ammonia  at  a  certain  pressure 
and  temperature,  the  tables  of  ^\'ood  and  Peabody,  which 
have  lieen  considered  standard  in  this  country,  give  dif- 
ferent values,  and  unless  the  authority  is  specifically  stated 
in  each  case,  there  is  opportunity  for  confusion.  The  two 
tables  above  mentioned  a]3peared  in  about  1889.  Since 
that  time  considerable  experimental  work  has  increased 
our  knowledge  on  the  properties  of  ammonia,  l)ut  even 
now  comparatively  little  is  known,  considering  the  im- 
portance of  the  subject. 

For  some  time  the  Engineering  Experiment  Station  of 
the  University  of  Illinois  has  been  doing  some  iuterest- 
ing  work  on  ammonia.  The  investigation  was  under- 
taken with  the  object  of  collecting  and  correlating  the 
various  scattered  experimental  data.  In  the  words  of  the 
investigators  an  attempt  was  made  to  reconcile  these  data 
by  means  of  well  known  thennodynamic  laws  and  prin- 
ciples so  that  the  results  may  lie  consistent  with  each 
other;  and  to  express  the  various  properties  by  means  of 
formulas  from  which  tables  and  charts  in  English  units 
may  be  prepared.  Plow  well  their  attempt  has  succeeded 
may  be  inferred  from  the  tables  presented  in  the  re- 
frigerating department  of  this  number.  Space  was  not 
available  to  give  all  of  the  tabular  matter  contained  in 
the  bulletin,  an  extended  tabic  on  superheated  ammonia 
vapor  being  omitted.  The  authors  of  the  bulletin  realized 
that  the  experimental  data  were  not  as  complete  as  could 
be  desired  and  that  more  accurate  experimental  work 
may  render  necessary  a  slight  revision  of  the  values  of 
the  constants  in  the  equations  used.  This  being  the  case 
the  tabular  values  are  not  to  be  considered  as  final, 
but  as  best  representing  the  present  kno\vledge  of  the 
properties  of  ammonia. 

It  would  appear  that  the  tables  are  as  accurate  as  the 
present  state  of  the  art  will  permit.  At  least  they  are 
more  nearly  correct  than  any  of  the  tables  now  used,  and 
have  been  compiled  for  every  degree  of  temperature  and 
pound  of  pressure  far  in  excess  of  the  ordinary  working 
liinits.  They  are  the  Marks  and  Davis  steam  tables  for 
ammonia  and  in  preference  to  a  number  of  tables  less 
accurate  it  would  seem  that  their  universal  adoption 
would  be  only  a  matter  of  course. 


Our  Cartoon  this  week  is  a  rather  strong  "story  with- 
fiut  worils."  And  how  typical  of  human  nature  it  is 
that  those  who  arc  having  their  enjoyment  are  rushing 
heedlessly  past  the  man  whose  sacrifice  of  his  own  pleas- 
ure makes  theirs  possible.  Another  point  is  the  irony  of 
the  title,  "The  Day  of  Rest,"  for  there  is  little  rest  evi- 
dent in  either  half  of  the  picture.  Those  who  can  rest 
will  not  and  because  of  them  others  cannot. 
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Compound-Engine  Valve  Did  Not 
Operate 

In  a  plant  having  four  fross-oompound  Corliss  con- 
densing engines,  one  of  the  night  assistant  engineers  noti- 
fied the  chief  that  he  was  ill  and  could  not  take  hie  regu- 
lar watch  the  coming  night,  so  the  chief  was  compelled  to 
stand  it  with  the  aid  of  an  oiler. 

Things  went  smoothlj'  until,  at  two  o'clock  in  the  morn- 
ing, the  lights  hegan  to  grow  dim.  The  chief  hustled 
around  to  locate  the  cause.  The  engine  was  not  quite  up 
to  speed.  He  found  the  valve-gear  all  right ;  looked  over 
the  surface  condenser,  which  showed  27^2  in.  of  vacuum 
— in  fact,  there  was  no  api)arent  cause  for  the  low  voltage 
or  three-cjuarter  engine  speed.  Then  the  chief  told  the 
oiler  to  speed  up  another  engine. 

The  troublesome  engine  was  shut  down  and  left  for  the 
day-shift  assistants  to  discover  the  cause.  They  acci- 
dently  found  the  key  that  fastened  the  valve  stem  to  the 
bell  crank  on  the  floor. 

Of  course,  the  valve-gear  would  apparently  be  working 
all  right.  The  only  way  to  detect  this  fault  would  be  to 
ascertain  if  the  valve  stem  turned,  something  one  would 
not  ordinarily  think  of,  as  the  arm  was  lifting  and  cut- 
ting off  in  a  natural  manner  by  turning  on  the  valve  stem. 

A.  C.  Walduon. 

Revere,   Mass. 

Losses   for  Different  CO2  Percentages 

The  important  factors  which  affect  the  operation  of 
boilers  are  the  quality  of  fuel,  its  clinkering  tendencies, 
method  of  firing,  draft,  tightness  of  setting,  radiation, 
cleanliness,  etc. 


Assunu^  a  plant  consuming  2n  tons  of  coal  per  day  at  a 
cost  of  $3  per  ton  and  at  the  usual  average  of  8  per  cent. 
CO,.  Referring  to  the  table  the  loss  is  34.5c.  per  ton. 
Increasing  the  CO.^  value. to  12  per  cent,  reduces  the  loss 
to  14.4c.  per  ton,  and  a  yearly  saving  of  over  $1500. 

T.  A.  Lees. 

(Juincy,  Mass. 


Grinding  Engine  Shaft  in  Position 

Recently  1  was  consulted  about  a  job  m  a  plant  where 
an  engineer  had  allowed  the  main  bearing  of  a  Corliss 
simple  condensing  engine  to  run  hot  enough  to  take  the 
babbitt  metal  from  the  quarter  and  the  bottom  boxc-s. 
The  shaft  had  come  in  contact  with  the  cast-iron  shell 
of  the  quarter  and  bottom  boxes  and  was  cut  to  a  depth 
of  nearly  ^  in.  in  places.  The  engine  was  run  in 
connection  with  a  waterwheel  and  as  the  water  was  very 
low  and  the  plant  had  orders  calling  for  early  deliveries, 
I  was  induced  to  try  to  baud  dress  the  shaft  and  ro- 
bal)bitt  the  boxes  in  ]:)osition.  This  procedure,  however, 
proved  a  failure  as  the  cuts  in  the  shafts  sheared  the 
babbitt  out  of  the  Ijoxes  m  a  few  hours'  run. 

I  then  decided  to  do  a  good  thorough  job  by  grinding 
the  shaft  to  a  smooth  surface.  The  bearing  was  26  in. 
long  and  36  in.  in  diameter.  A  1-hp.  portable  electri<' 
grinder  Wiis  ordered.  A  pattern  was  niaile  for  a  false 
bearing  which  was  bolted  on  the  side  of  the  main  bear- 
ing to  carry  the  shaft  Vidiile  grinding.  The  weight  of 
I  he  shaft  and  wheel  was  carried  by  two  heavy  screw 
jacks  set  under  the  lugs  of  the  false  bearing.  The  side 
thrust  was  also  provided  for  by  using  screw  jacks.  The 
foundation   stone   projected   far  enough   to   set   the   two 
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Perfect  combustion  is  not  a  matter  of  mere  dictation 
and  will  be  found  quite  difficult  to  attain  in  everyday 
practice.  The  same  draft  is  not  always  available  at  all 
boilers  in  the  same  room.  All  settings  may  not  be  in  per- 
fect order  and  numerous  other  difficulties  are  encountered 
which  frequently  are  easily  remedied  and  which  are  al- 
ways well  worth  the  attention  if  any  improvement  in  effi- 
ciency results.  To  illustrate  the  value  of  attention  to 
boiler  operation,  the  following  table  is  compiled,  which 
shows  the  amount  in  money  saved  by  improvement  of 
furnace  conditions.  Showing  the  effect  of  boiler-room 
conditions  in  this  way,  it  is  felt  that  a  better  conception 
may  be  had  of  the  value  of  careful  and  thoughtful  con- 
sideration to  boiler-room   equipment. 


heavy  jacks  on  and  the  side-aligning  jack  had  a  footing 
against  a  conveniently  located  brick  wall. 

It  was  necessary  to  remove  the  eccentrics  as  the  tem- 
porary bearing  occupied  that  .space  on  the  shaft  covereil 
by  the  eccentrics.  The  quarter  and  bottom  boxes  were 
left  in  the  pillow  block,  being  backed  off  so  as  not  tn 
come  in  contact  with  the  sliaft.  This  was  done  to  catch 
and  su])p()rt  llic  sliafi  should  anything  give  way.  A  loo! 
carriage  fi'oni  a  lathe  was  clamped  to  the  pillow  bhick 
in  an  inverted  |)osition,  with  the  cross-feed  parallel  to 
the  axis  of  the  shaft.  A  plate  of  ca.st  iron  was  obtained, 
planed  parallel,  and  three  sets  of  holes  drilled  and  tapped 
into  it  to  fasten  the  grinder,  thus  making  it  ]iossibIc  to 
move  the  grinder  without  disturbing  the  rigging.     This 
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provision  was  necessary  ;us  there  was  but  a  9-in.  cross- 
feed  on  the  tool  carriage  of  the  lathe. 

As  we  had  no  dynamo  or  electric  connection  to  supply 
current  to  the  grinder,  we  borrowed  a  small  generating 
set  for  that  purpose. 

After  assembling  the  outfit  and  turning  the  engine 
shaft  for  a  short  time,  assuring  ourselves  that  everj'- 
thing  was  solid  aiid  secure,  we  proceeded  to  grind  the 
shaft.  To  drive  the  shaft  the  waterwheel  gate  was  part- 
ly opened,  leaving  the  engine  clutch  in,  the  connecting  rod 
having  previously  been  disconnected.  We  could  in  this 
way  control  the  speed  as  desired.  The  siiaft  was  ground 
until  there  were  only  two  rings  or  cuts  left  in  it,  as  it 
was  not  deemed  wise  to  reduce  the  shaft  any  more  than 
was  necessary.  The  grinding  attachment  was  then  re- 
moved and  the  shaft  wa.<  lightly  tiled  and  then  stoned 
until  a  very  high  polish  was  obtained.  In  the  meantime 
the  boxes  were  taken  out,  rebabbitted.  bored  and  scraped 
to  the  shaft.  After  assembling  the  engine  and  running 
light  for  about  five  hours,  the  full  load  was  put  on  and 
no  trouble  whatever  was  experienced. 

F.  R.  Pratt. 

xVdams,  Mass. 

Vacuum-Pump  Diagrams  for  Comment 

The  accompanying  diagrams  were  taken  with  a  50-lb. 
spring  from  the  8xl6-in.  steam  end  of  a  slide-valve  vac- 
lunii  pump,  which  makes  85  r.p.m.,  supplied  with  steam 


Diagrams  from   Steam  End  of  Vactum  Pump 

it  boiler  pressure  of  150  lb.  I  would  like  readers  to  state 
their  opinions  as  to  the  probable  cause  for  the  imperfee- 
rions  of  the  diagram  from  the  head  end  of  the  cylinder. 

William  I.  Hart, 
St.  Louis.  Mo. 

Near  Accident  to  Boiler 

Wliat  might  have  resulted  in  a  serious  accident  in  a 
SVestern  plant  recently  was  averted  by  the  engineer.  The 
lOO-hp.  return-tubular  boiler  was  erected  by  a  building 
contractor  when  the  building  was  built  about  four  vears 
igo. 

The  boiler  was  carried  by  hooks  held  on  I-beams  resting 
m  top  of  a  24-in.  side  wall,  as  shown  in  Fig.  1.  Loops 
vere  riveted  to  the  shell  into  which  were  hooked  1%-in. 
look  bolts,  shown  in  Fig.  2.  A  214-in.  extra-heavy  blow- 
)ff  pipe  was  connected  as  shown.  The  engineer  went  to 
vash  out  the  boiler  and  while  the  boiler  was  being  emptied 
le  decided  to  grind  in  the  safety  valve,  which  had  been 
caking.    The  valve  was  of  the  pop-type  flange-jointed  to 


the  boiler  near  the  rear  end  and  also  similarly  jointed  to  a 
pipe  leading  outside  the  building. 

As  the  space  over  the  boiler  was  limited  he  decided  to 
take  the  valve  down  to  the  work  bench.  On  removing 
the  last  flange  bolt  the  flanges  sprang  apart  with  consider- 
able force. 

After  washing  out  and  refilling  the  boiler  and  regriml- 
ing  the  safety  valve  the  engineer  started  to  replace  thu 


How  THE  Boiler  Was  Supported 

valve,  but  found  the  flanges  would  not  meet  nor  could 
not  be  made  to  do  so  by  springing  the  two  ends  of  the 
pipes.  While  studying  the  situation  his  attention  was  at- 
tracted by  the  noise  of  running  water.  After  opening  the 
clean-out  door  to  the  combustion  chamber  and  inserting  a 
light,  the  blowoff  pipe  was  found  to  be  cracked  at  B.  He 
immediately  opened  the  IdIowoS  valve  and  upon  looking 
in  alongside  of  the  blowoflf  pipe  found  it  was  resting  hard 
on  the  wall  at  C. 

His  curiosity  now  thoroughly  aroused,  he  went  on  top 
with  a  hammer  and  sounding  the  suspension  rods 
found  them  both  loose.  After  removing  some  of  the  brick- 
work, both  hooks  were  found  broken  at  A,  Fig.  2.  The 
hook  ends  were  found  at  A'A'  in  the  combustion  chamber. 
Heavy  U-bolts  were  then  used  to  suspend  the  boiler. 

C.    F.    KiN-G. 

Portland.  Ore. 

Old  Boiler  as  Feed-Water  Heater 

An  old  boiler  unsafe  for  commercial  steam  pressures 
was  fitted  up  to  serve  as  a  feed-water  heater.  A  piece  of 
boiler  plate  A   was  flanged   about   1    in.   all   around  the 


PART  SECTION  LynausT  end  view 

Part  of  Boiler  Fitted  for  Heatixg  Feed-Water 

edges  to  form  a  bead  over  the  tube  sheet  very  much  as  a 
condenser  head  appears  on  a  surface  condenser.  After 
bolt  holes  had  been  drilled  in  the  head  plate,  a  gasket  of 
thick  rubber  was  placed  between  the  head  and  the  boilev 
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as  at  B.  Ono  of  these  heads  was  provided  for  each  end 
of  the  boiler.  The  engine  is  piped  to  the  head  as  shown 
and  a  small  live-steam  line  is  connected  to  the  head  to 
furnish  steam  when  the  engine  is  not  running.  The  cost 
of  converting  the  boiler  into  a  heater  did  not  exceed  $30, 
and  it  gives  entire  satisfaction. 

James  E.  ISToble. 
Loudon  Junction,  Out.,  ( 'anada. 

Feeder  for  Boiler  Graphite 

This  feeder  is  attached  to  the  suction  line  of  the  boiler- 
feed  pump  on  one  side  and  the  other  is  connected  to  the 
boiler-feed  line  or  pressure  side. 

We  mix  a  boiler  compound  and  the  graphite  in  a  pail. 


Graphite  Feedku  and  Connections 

and  pour  this  into  the  funnel  after  first  draining  the 
tank.  To  fill,  pour  the  liquid  into  the  funnel,  venting 
the  tank  at  the  small  i/4-in.  line.  When  full,  close  the 
vent  and  the  filling  valve,  crack  the  discharge  valve  to  the 
pump-suction  line,  then  open  the  tilling  valve  in  the  line 
connected  to  the  boiler-feed  line  filling  the  tank,  which 
being  under  pressure,  will  discharge  to  the  suction  line 
as  fast  as  wanted.  By  feeding  through  the  suction  the 
graphite  goes  through  the  pump.     This  greatly  reduces 


the  maintenance  cost  of  the  pump.     The  discharge  can 
be  made  to  last  all  day  or  be  emptied  in  a  few  minutes. 

Asa  p.  Hyde. 
Binghampton,  N.  Y. 

Emergency  Repair  to  Fan  Motor 

An  urgent  request  was  made  to  operate  one  of  the  ceil- 
ing fans  that  was  out  of  order.  After  being  informed 
by  the  electrician  of  the  absurdity  of  the  request  I  de- 
cided that  the  fan  must  be  made  to  run  somehow.     The 
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Temporary  Connections  for  (Veiling  Fan 

fan  switch  was  located  at  the  upper  end  of  the  shaft  at  A 
and  was  controlled  by  a  rod  running  through  the  hollow 
shaft  to  the  switcli  button  at  B.  The  switch  was  worn 
beyond  repair  and  the  difficulty  was  overcome  by  remov- 
ing the  defective  switch  and  connecting  the  two  field  wires 
that  formerly  went  to  the  switch,  after  which  an  exten- 
sion was  spliced  to  the  lines  leading  to  the  ceiling  socket 
at  C  and  the  plug  was  screwed  in  the  lamp  socket  at  the 
wall  bracket  at  T).  The  fan  was  satisfactorily  operated 
until  a  new  switch  was  procured. 

Brooklyn,  X.  Y.  Jamks  G.  Sheridan. 

Rings  Cause  Leaky  Piston 

The  accompanying  drawing  shows  how  a  leaky  piston 
head  was  changed  to  one  that  would  hold.  This  head  had 
small  openings  cut  on  the  sides  of  the  ring  grooves  for 
the  purpose  of  letting  steam  beneath  the  ring,  but  this 
steam  would  flow  from  the  point  E  down  beneath  the  ring 


Piston 


Leaked 


and  across,  as  shown.  Consequently  we  had  a  constant 
leak  across  the  piston.  The  grooves  were  widened,  as 
shown  by  the  dotted  lines  AB  being  turned  out  in  the 
lathe  and  new  rings  fitted.  Tfiis  made  the  head  tight. 
Baltimore,  Md.  C.  R.  McGahey. 


Making  a  Flue-Gas  Analysis — Part  IV 

Starting  where  we  left  oft'  in  tlie  Inst  lesson,  iissiinie 
that  the  apparatus  is  connected  with  the  gas  supply.  Con- 
nect the  burette  with  the  atmosphere  l)y  setting  the  three- 
way  cock  with  the  dot  on  the  handle  facing  to  the  right. 
Then,  place  the  leveling  bottle  ou  top  of  the  cabinet  and 
drive  all  the  air  out  of  the  burette  by  opening  the  pinch 
cock  E,  Fig.  1,  whieli  i.s  again  repeated  in  this  lesson,  and 
allowing  the  water  to  run  in  until  it  reaches  the  100-c.c. 
mark  on  the  upi)er  neck  H.  Now,  turn  the  three-way  cock 
so  that  the  dot  faces  u]),  thus  connecting  the  burette  and 
gas  supply.     Lower  the  leveliug  bottle  and   release  the 
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burette  end,  disconnect  the  hand  pump,  and  place  the 
bottle  on  top  of  the  cabinet.  Now,  open  the  three-way 
cock  to  the  air  by  giving  it  another  eighth  turn  to  the 
right  and  by  carefully  releasing  the  piach  cock  from  the 
leveling-bottle  hose,  run  the  water  into  the  burette  to  ex- 
actly the  zero  mark.  If,  by  accident,  you  permit  the  water 
to  rise  above  the  zero  mark,  do  not  attempt  to  bring  it 
back  by  means  of  the  leveling  bottle,  for  this  would  only 
let  air  into  the  burette  and  spoil  the  sample.  If  you 
wish,  you  can  jDroceed  with  the  analysis  and  make  cor- 
rection by  calculation  afterward,  but  I  consider  it  better 
to  simply  expel  all  the  gas  and  start  over  again.  This 
avoids  chance  for  error  later  and  is  about  as  quick  as  if 
you  took  the  time  to  calculate  the  correction. 

TESTIX(i    FOIi    CO, 

As  soon  a.s  the  water  is  brought  up  to  the  zero  mark, 
close  the  three-way  cock  by  giving  it  an  eighth  turn  to 
the  left,  and  open  the  cock  Q,  on  the  first  pipette.  Squeeze 
the  pinch  cock  on  the  leveling-bottle  hose  and  allow  the 
water  to  rise  in  the  burette  to  or  nearly  to  the  100-c.c. 
mark.  This  forces  the  gas  over  into  the  pipette  J,  the 
gas  driving  the  liquid  from  the  front  leg  of  the  pipette 
into  the  back.  All  the  little  glass  tubes  in  the  front  leg 
are  now  exposed  to  the  gas  and  as  thej^  are  dripping  with 
the  solution  just  driven  out,  they  present  a  large  wetted 
surface,  and,  hence,  hasten  the  chemical  action  between 
the  solution  and  the  gas. 

Allow  the  gas  to  remain  in  the  pipette  about  one  min- 
ute, then  draw  it  back  into  the  burette  by  lowering  the 
leveling  bottle  and  releasing  the  pinch  cock,  using  care 
that  none  of  the  solution  is  drawn  over  with  it.  Eepeat 
this  operation  about  three  times  and  then  measure  the 
gas  as  follows:  Draw  the  solution  in  the  pipette  up  to 
the  mark  S  on  the  stem  and  close  the  cock  Q.  Then,  re- 
lease the  leveling-bottle  hose  entirely  from  the  pinch  cock 
and  make  the  water  level  in  the  burette  and  bottle  equal 
by  raising  or  lowering  the  bottle  at  the  side  of  the  cabinet 
as  before  described.  Bead  the  mark  at  which  the  water 
now  stands  in  the  burette.  If,  for  instance,  the  water 
now  stands  at  the  8.2-c.c.  mark,  the  volume  of  the  gas 
has  diminished  8.2  c.c.  in  100,  or  8.2  jjcr  cent.,  and  that 
is  the  percentage  of  CO^  in  the  flue  gas.  The  solution  in 
the  first  pipette  takes  out  (or  absorbs)  the  COj,  leaving 
the  oxygen,  carbon  monoxide  and  nitrogen. 

Checkixg  Results 

After  making  the  reading,  run  the  gas  into  the  pipette 
once  more  and  take  another  reading  as  a  check  to  make 
sure  that  all  the  CO^  has  been  absorbed.  If  both  read- 
ings are  the  same,  all  right.  If  not,  make  one  more  trial. 
When  reading  for  CO^  you  should  have  no  trouble  in 
getting  the  first  two  readings  to  agree.  If  you  do  have 
trouble,  your  method  may  be  wrong  and  it  may  be  neces- 
sary to  allow  the  gas  to  stand  in  the  pipette  a  little  longer 
each  time  or  to  increase  the  number  of  times  you  run  it 
back  and  forth.  Or,  if  the  solution  has  been  used  a  long 
time  it  may  have  become  weak  and  need  renewing. 


DlAfiKAM    FOR    ASSEMBLINO    OrSAT 


]iinch  cock  R  entirely  from  the  rubber  connection.  Then, 
connect  the  small  hand  pump  to  the  leveling  bottle  in  the 
maniu>r  shown  in  Fig.  1  and  start  pumping.  If  the  gas 
is  being  drawn  direct  from  the  flue  or  chimney  be  sure 
that  you  pump  long  enough  to  secure  a  burette  full  of 
true  gas.  The  amount  of  pumping  required  depends  upon 
the  length  of  the  connection  between  the  apparatus  and 
the  flue.  After  a  little  experience  you  will  be  able  to  tell 
just  about  how  much  pumping  is  required.  Rememlier, 
however,  it  is  far  better  to  pump  a  little  longer  than  is 
actually  necessary  than  not  to  pump  quite  long  enough. 
If  the  gas  is  being  drawn  from  some  kind  of  collecting 
apparatus,  only  a  few  strokes  of  the  pump  will  be  needed 
— say,  a  half  dozen. 

When  you  feel  sure  the  burette  is  full  of  real  gas,  cease 
pumping  and  immediately  give  the  three-way  cock  one- 
eighth  turn  to  the  right  so  that  the  handle  is  at  45  deg.  and 
the  dot  is  still  on  the  spward  side.  Then,  put  the  pinch 
cock  on  the  leveling-bottle  hose  at  about  6  in.  from  the 
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'  A  good  thing  to  remember  when  running  the  gas  from 
[  the  burette  into  tlie  pipette  and  vice  versa  is  to  watch  the 
rising  liquid,  in  this  way  eliminating  the  danger  of  run- 
ning any  liquid  out  of  the  vessel  in  which  it  belongs. 
Thus,  when  running  the  gas  from  the  burette  into  the 
pipette,  watch  the  water  rise  in  the  burette,  stopping  the 
flow  before  it  shoots  up  through  the  neck  //,  and  over 
through  the  header  into  the  pipette.  When  running  the 
gas  bacK,  watch  the  liquid  rise  in  the  front  leg  of  the 
pipette  and  stop  it  before  it  reaches  the  burette. 

TlCSTlNfi   FOR  OXYGEX 

After  getting  a  check  on  -the  CO^  reading,  open  the 
cock  on  jiipette  K,  and  run  the  gas  back  and  forth  in 
this  pii^ette  in  exactly  the  same  manner  as  before.  Only, 
instead  of  running  it  in  and  out  only  four  times,  as  in  the 
case  with  the  first  pipette,  the  operation  should  be  re- 
peated about  seven  times  before  a  reading  is  taken.  The 
reason  for  this  is  that  the  solution  for  absorbing  oxygen, 
the  part  of  the  ifue  gas  absorbed  in  the  second  pijiette, 
does  not  act  as  quickly  as  the  solution  used  in  the  first 
pipette  for  absorbing  CO,. 

Check  the  reading  in  the  same  manner  as  before  by 
running  the  gas  over  once  more  and  taking  an  extra  read- 
ing. The  difference  between  the  new  correct  reading  and 
the  first  correct  reading  gives  the  percentage  of  oxygen 
contained  in  the  flue  gas.  For  instance,  if  the  new  read- 
ing were  17.6  per  cent,  and  the  previous  one  had  been 
8.3  per  cent.,  then  the  oxygen  con+ent  in  the  flue  gas 
would  be 

17.6  —  8. a  =  9 A  per  cent. 

Testixg  for  CO 

After  obtaining  a  correct  reading  for  the  oxygen,  open 
the  cock  on  pipette  L  and  go  through  the  same  process 
with  this  pipette  as  with  the  other  two,  only  repeat  the 
operation  of  running  the  gas  back  and  forth  about  11 
times.  The  solution  in  this  pipette  absorbs  any  carbon 
monoxide  (CO)  that  may  be  contained  in  the  flue  gas. 
Its  action,  however,  is  very  slow  and  feeble  and  much  care 
and  patience  must  be  used  to  get  a  correct  reading. 

The  principle  upon  which  the  Orsat  apparatus  is  based 
is  that  when  certain  chemical  solutions  are  brought  in 
contact  with  certain  gases,  the  gases  combine  chemically 
with  the  solutions  in  such  a  way  that  they  become  a  part 
of  the  solution.  Ordinary  flue  gas  consists  principally 
of  a  mixture  of  carbon  dioxide,  oxygen  and  nitrogen  and, 
sometimes,  carbon  monoxide,  hydrogen  and  some  hydro- 
carbons. When  a  given  volume  of  such  a  mixture  is 
brought  in  contact  with  a  solution  of  caustic  potash  and 
water,  the  carbon  dioxide  combines  with  the  caustic  pot- 
ash and  forms  a  substance  which  becomes  a  part  of  the 
solution.  The  solution  increases  in  volume  but  very 
slightly  indeed — so  slightly,  in  fact,  that  the  increase  may 
be  entirely  neglected  in  our  work.  But  the  volume  of  the 
flue  gas  has  diminished  by  the  annnuit  of  carbon  dioxide 
it  contained. 

In  a  similar  way  the  oxygen  and  the  carbon  monoxide 
disappear  from  the  flue  gas  when  brought  into  contact 
with  the  proper  chemical  solutions. 

The  solutions  used  in  the  Orsat  must  be  employed  in 
the  order  here  given  because  the  solution  for  carbon  mon- 
oxide will  absorb  oxygen  as  well,  and  the  solution  for  oxy- 
gen will  absorb  carbon  dioxide,  so  the  CO,  must  be  taken 
out  first,  the  oxygen  second  and  the  CO  third. 


OVER    THE    SPILLWAY 

JU8T      JESTS,     J.\BS,     JOSHES      .\ND     JUMBLES 


We  rather  missed  the  big  noise  of  the  Fourth  of  our 
younger  days,  and  up  to  now  we'd  frown  on  the  "safe  and 
sane"  idea.  The  big  noise  helped  to  bang  out  our  apprecia- 
tion for  what  was  done  at  Concord,  Le.xington  and  Bunlier 
Hill.  But  when  "Collier's  Weekly"  told  us  that  "in  three 
years  New  York  City  yielded  1339  killed  and  wounded  by 
fireworks."  more  than  our  losses  in  seven  Revolutionary 
battles,  it's  the  front  stoop  and  the  red  and  blue  lights  for 
ours;    Uif    clang    of   the   ambulance    would    get    on    our    nerves. 

A  Professor  Emeritus  (his  name  is  really  Wadsworth)  of 
the  University  of  Pittsburgh  says  slang  is  technical  and 
necessary  language.  Engineer's  plant  talk,  the  mechanic's 
vernacular,  baseball  and  prize-fight  de.scriptions — what  would 
it  all  mean  divested  of  its  slang?  Hooray  for  the  Prof,  and 
on   with    the    slang! 

We  acknowledge  our  indebtedness  to  "Coal  Age."  foi-  this 
scintillating  gem    of   thought;   it   didn't   occur   to  us. 

"Phenix,"  the  New '  York  Leather  Belting  Co.'s  clever  lit- 
tle magazine,  has  an  article  on  "Love."  It  advocates  love 
during  business,  but  the  object  must  be  an  "it,"  not  a 
"she."  Concentrated  love  is  idealistic;  you  must  have  an 
ideal  if  you  would  love  your  work.  We  have  known  men 
who  said  they  were  wedded  to  their  work,  but  they  soon 
got  a  separation  oh  the  ground  of  incompatibility.  Perhaps 
t'.iay  leaned   more  heavliy  toward  the   "she"   than  the   "it." 

Overe.xciting  food  is  lesponsible  for  the  anarchical  doc- 
trines held  by  many,  says  a  French  sociologist.  Can  we  no 
longer  dash  the  "mulligan"  in  our  suds?  Must  we  eschew 
our  hot  do^js,  our  strenuous  Limburger  and  our  outspoken 
garlic?  Is  it  for  these  table  delicacies  that  we  have  an- 
archistic   tendencies? 


The  incarcerated  British  militants  may  have  mixed  some 
of  the  aforementioned  "overexciters"  in  order  to  give  im- 
petus to  their  anarchic  doings.  When  jailed,  they  refused 
to  eat  and  were  forcibly  fed  through  their  noses.  About 
four  good  sniffs  of  this  m^nu  would  either  make  'em  be- 
have or  place  'em  beyond  the  good  offices  of  even  the  pulmu- 
tor. 


Unless  you  came  'way  East,  you  chaps  inland  won't  see 
much  of  the  "Imperator."  Next  to  seeing  it,  howevei-.  is  to 
read  about  it  on  page  50  of  this  issue.  This  ship  has  pretty 
darn  near  everything  for  safety  and  comfort  but  a  merry-go- 
round  and  a  trolley  line.  .\nd  by  the  way,  the  Hamburg- 
American  people  pTonounce  it  Im-pe-rah-tor,  with  the  accent 
on    the    "i-ah." 


Ever  been  lost  in  Perth  -\mboy?  Don't  do  it.  It  hap- 
pened recently  to  Hoboken  Bill  Reynolds,  Jersey  City  Jack 
Callahan  and  those  tender  young  things  "Larry"  Brannin, 
Ed  Sears  and  Ail-Night  Johnson,  of  Newark.  After  leaving 
the  Perth  Amboy  Association  meeting,  the  boys  got  sepa- 
rated. Bill  and  All-Night  reached  home;  the  others  finally 
landed  in  the  vicinity  of  the  Rahway  reformatory.  Here 
they  unearthed  a  hotel  and  waited  for  daylight.  Some  folks 
think  Ed  will  be  the  next  national  conductor,  but  Cal  and 
"Larry"  say  he'll  never  "conduct"  them  again  unless  he  is 
armed    with    an    automobile    bluebook   and.  a   compass. 

In  one  of  Louis  Tracy's  recent  novels  an  old  sea  capt.iin, 
while  cruising"  in  the  Red  Sea,  tells  the  passengers  that  they 
don't  know  what  hot  weather  is.  Says  he:  "Last  summer  our 
bunkers  gave  out  six  hours  north  of  Perim.  ^Ve  removed  the 
awnings,  and  then  the  sun  kept  up  the  head  of  steam  in  the 
boilers  until  "we  ran  into  Perim."  Might  paste  this  in  your 
kelly  to  encourage    you   when   the   hot    days  set  in. 


First  it  was  Efliciency  who  had  the  highest  batting  aver- 
age; then  he  struck  out  for  the  bush.  Now,  it's  Uplift  ^who's 
banging  the  ball  all  over  the  Industrial  field.  Funny,  isn't 
it,  how  keen  we  ai'e  for  a  hew  peg  on  "which  to  hang  our  fads 
and  fancies?  No  matter-  "what  other  name  you  call  an  onion, 
it's  an    onion    just    the    same.      And    they    all    have    their    uses. 
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Functions  and  Design  of  Air  Chambers 


By  Chakles  G.  Richardsox 


SYNOPSIS — Size   and   location    of  air   chambers,    irith 
^mggestions  on  charging  chambers  with  air. 

To  put  the  subject  interrogatively :  first,  what  is  tJie 
]iiirpose  of  air  chambers''  Second,  what  arc  the  proper 
forms  and  dimensions? 

Almost  any  engineer  who  has  operated  reciprocatinj: 
pumps,  large  or  small,  will  say  that  air  chambers  are  for 
absorbing  pulsations.  Question  him  a  little  further  and 
he  will  explain  that  pulsations  is  simply  another  woni 
for  water-hammer,  which   nsunliv   means  blown-out  sjas- 


bers,  even  if  the  subject  is  mentioned  at  all.  A  .searcli 
among  borrowed  handbooks  produces  the  same  result.  A 
friend  suggests,  however,  that  air  chambers  form  a  regu- 
lar part  of  the  equipment  supplied  with  pumps,  and  we 
hasten  to  the  catalog  file.  Here  some  information  is  ob- 
tained ;  at  least  some  pictures  of  air  chambers  arc  lo- 
cated. It  seems  rather  strange  that  while  the  merits  oi 
the  valves,  valve  seats,  pi.ston  rods,  plungers  and  cylindei 
jackets  are  all  minutely  emphasized,  no  mention  is  made 
of  the  air  chamber  which  shows  so  conspicuously  in  the 
illustration.     All  shapes  and  sizes,  graceful  and  other- 
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kets  and  irregular  pump  action  with  consequent  wear  and 
tear  on  the  working  parts,  and  has  been  known  to  rupture 
main  pipes  or  fittings  with  more  or  less  serious  conse- 
quences. He  may  even  step  over  to  the  boiler-feed  pump, 
open  a  little  wider  the  cock  on  the  water-pressure  gage  in 
the  discharge  pipe  and  give  a  demonstration  of  pulsations 
as  shown  by  au  oscillation  of  some  5  to  20  lb.  of  the  dial 
hand. 

For  an  answer  to  the  second  question  we  turn  with  con- 
fidence to  a  favorite  engineering  handbook,  but  are  some- 
what chagrined  to  find  no  data  on  the  design  of  air  cham- 


wise,  meet  the  eye  not  only  in  advertising  matter,  but  on 
pumps  in  actual  service. 

The  form  and  proportions  of  .several  commercial  air 
chambers  are  shown  by  Figs.  1,  2,  3  and  4.  Notice  the 
e.Ktreme  difference  in  individual  ideas  of  the  proper  shape 
and  size  relative  to  the  pump  end.  There  seem  to  be  two 
characteristics  in  common,  a  neck  narrower  than  the  up- 
per portion  and  the  entire  absence  of  means  for  ascertain- 
ing whether  the  chamber  contains  any  air  whatever.  Re- 
luctantly it  is  concluded  that  reliable  information  on  the 
subject  of  air  chambers  is  not  available. 
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This  articlu  ])rt',sumes  only  to  (It^^t-nbe  the  essential 
features  of  the  properly  designed  and  properly  located  air 
chamber.  Such  conclusions  as  presented  were  obtained 
from  repeated  tests  of  equipment  under  actual  operating; 
conditions,  chiefly  in  power  plants,  and  they  may  serve 
as  a  fjuide  for  more  exhaustive  investigations. 

PULSATIOXfi 

To  return  to  the  matter  of  pulsations,  it  is  not  often 
recognized  that  there  are  two  kinds;  pulsations  in  pres- 
sure alone,  and  pulsations  in  pressure  accompanied  by 
pulsations  in  velocity.  The  former  are  found  in  the  dis- 
charge lines  of  pumping  engines  on  water-works'  systems 
where  the  friction  of  several  miles  of  pipe  prevents  the 
surging  of  the  water  with  each  stroke  of  the  plungers : 
the  latter  is  common  to  boiler-feed  lines,  which  are  com- 
jiaratively  short.  Both  kinds  produce  water-hammer.  In 
the  supply  to  boilers  intermittent  flow  may  also  cause 
irregular  boiler  feeding  and  an  improper  action  of  auto- 
matic apparatus  or  flow  meters  depending  for  accuracy 
of  operation  upon  a  fairly  uiiit'orni  velocity  of  water. 
In  either  kind,  of  ]>ulsations  an  air  chamber  is  often  a 
necessity,  and,  if  carefully  installed,  a  money  saver.  The 
worst  offender  is  the  single-cylinder,  single-acting  pump. 
Boiler-feed  pumps  of  this  kind  are  occasionally  found 
directly  connected  to  a  pumping  engine  and  have  a  stroke 
of  several  feet.  As  they  move  slowly  and  pump  water 
only  upon  the  downward  stroke  of  the  plunger,  the  dis- 
charge is  exceedingly  intermittent.  Single-cylinder, 
double-acting,  duplex,  trii'lex  and  quadruplex  pumps  fol- 
low in  the  order  named.  Air  chambers  are  not  always 
found  necessary  with  the  duplex  pattern  and  rarely  with 
the  triplex.  In  fact,  if  the  triplex  pump  is  kept  in  good 
condition  by  renewing  packings,  valves,  etc.,  promptly 
when  needed,  an  air  chamber  will  not  be  essential  as  the 
column  of  water  in  the  discharge  line  is  kept  moving 
uniformly,  even  though  the  pump  may  be  single  acting. 
The  tendency  to  use  centrifugal  pumps  for  boiler  feeding 
and  for  other  kinds  of  service  in  the  jwwer  plant  has  be- 
come pronounced  in  late  years  and  this;  type  of  pump  is 
ideal  for  giving  a  steady  flow  entirely  free  from  pulsation.si. 

Placing  the  Air  Chambkh 

Fig.  5  illustrates  a  common  method  of  placing  an  air 
chamber  in  a  ])ump-discharge  line.  Here  .-1  is  the  cham-. 
ber  proijcr,  made  from  a  piece  of  pipe  and  a  cap,  or  often 
from  a  discarded  casting  of  almost  any  shape  which  can 
be  picked  up  around  the  plant.  The  criticism  of  this  ar- 
rangement is  that  the  capacity  of  the  chamber  is  probably 
not  great  enough,  the  flow  of  the  water  is  at  right  angles 
to  the  air  space  instead  of  directly  against  it  as  it  should 
be  to  obtain  the  maximum  cushioning  effect,  there  is  no 
means  for  determining  whether  any  air  is  present  and  no 
way  is  provided  for  recharging  the  chamber  with  air  when 
necessary.  If  it  is  absolutely  necessary  to  place  the  air 
chamber  directly  in  the  main  line  a  special  casting  B. 
Fig.  6,  should  be  made,  containing  a  vertical  partition 
several  inches  higher  than  the  main  pipe  connections.  On 
the  top  of  this  special  may  be  mounted  another  ea.sting 
C,  of  the  shape  illustrated,  or  if  preferred  this  top  piece 
can  be  made  up  of  pipe  fittings  similar  to  Fig.  5.  A  gage- 
glass  should  he  attached  to  the  lower  end  of  C  There 
should  also  be  a  connection  D  of,  say.  V^-n^-  pil'c  for 
charging  the  air  chamber  when  the  gage-glass  shows  that 


the  air  has  been  partially  absorbed.  It  will  be  noticed 
that  the  course  of  the  water  is  directed  by  the  baffle 
against  the  air  space  and  then  has  to  change  its  direction 
again   before   leaving  the  chamber. 

It  is  usually  possible,  however,  to  locate  the  air  chamber 
on  a  tee,  as  illustrated  in  Fig.  7.  This  is  a  less  expen- 
sive and  fully  as  effective  an  arrangement.  All  of  the 
fittings  may  be  made  up  from  stock  pipe  and  specials. 
It  is  essential  that  the  discharge  pipe  from  the  pump 
be  carried  above  the  outlet  from  the  tee,  as  shown  at  /. 
so  that  none  of  the  water  can  pass  the  tee  without  coming 
in  contact  with  the  air  .space  in  the  chamber  F.  This  by- 
passing materially  reduces  the  effectiveness  of  the  air 
chambers  shown  in  Figs.  1  to  4.  It  will  l)e  noticed  that 
in  Fig.  7  the  essential  features  of  Fig.  C^  have  been  re- 
tained. If  there  is  an  objecti(m  to  the  use  of  a  gage- 
glass,  owing  to  high  pressures,  two  gage-cocks  might  be 
employed.  Air  chambers,  however,  cannot  often  be  placed 
in  accessible  locations  and  the  use  of  gage-cocks  is  apt 
to  lead  to  a  falling  off  in  attention. 

Air  Chamber  a  Flywheel 
It  is  not  often  recognized  that  an  air  chamber  should 
perform  the  same  functions  as  the  flywheel  on  an  engine ; 
that  is,  it  should  store  up  energy  during  the  forward 
stroke  of  the  pump  and  give  it  out  when  the  pump  is  re- 
versing. Otherwise,  the  flow  of  the  water  cannot  be  made 
uniform  and  the  very  purpo.se  for  which  the  chamber  was 
in.><talled  is  destroyed.  In  boiler  feeding  this  means  that 
the  pressure  in  the  air  chamber,  and,  hence,  in  the  feed 
line,  must  be  maintained  above  the  pressure  in  the  boil- 
ers or  else  the  check  valves  in  the  individual  feed  lines 
will  prevent  any  water  entering  the  boilers  when  the 
pump  is  reversing;  5  or  10  lb.  excess  pressure  is  all  that 
is  needed.  If  this  pressure  cannot  be  maintained  uni- 
formly by  band  regulation,  the  pumps  should  lie  con- 
trolled by  the  ordinary  puiiii)  governor  depending  I'or  its 
action  upon  the  pressure  in  the  discharge  line.  A  ciii-ious 
opposition  toward  maintaining  this  slight  excess  ]iressure 
in  the  feed  line  seems  to  exist  among  many  operating  en- 
gineers. One  advanced  the  objection  that  the  steam  con- 
sumption would  thus  be  seriously  increased,  a  second  fig- 
ured out  the  square  feet  of  surface  in  the  heater  and 
concluded  that  an  additional  5  lb.  per  sq.in.  on  all  this 
area  would  result  in  a  wreck.  At  another  plant  a  meter 
showed  that  opening  wide  the  feed  valves,  which  were 
normally  kept  "cracked,"  gave  no  increa.se  in  rate  of 
water  to  the  boilers,  showing  that  the  firemen  were  work- 
ing under  a  misapprehension.  One  jn'ominent  Rhode 
Island  electric-railway  company  kee|)s  an  excess  pressure 
of  15  lb.  in  the  feed  line.  As  tlie  chief  engineer  expresses 
it:  "When  the  boilers  need  water  I  intend  they  shall  get 
it  without  a  moment's  delay."  At  still  another  plant,  in- 
vestigation showed  that  the  cheek-valve  disks  on  everv 
one  of  the  boilers  had  worn  away  and  dropped  througli 
the  f^eats.  due  to  the  (MJiistanf  pounding  of  these  valves 
fi'om  pulsations. 

CiiAUdixii  \[i[  ('hami!i;i!s 

Regarding  the  charging  of  air  chambers,  many  plants 
have  compressed  air  at  high  pressure  which  can  be  con- 
nected permanently  to  the  air  chamber  and  used  wbcn 
the  gage-gla.ss  shows  it  necessary.  Often  air  can  be  sniricd 
in  through  the  pump  suction   by  a  little  careful   niani|iu- 
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latioii  of  a  small  air  valve  connected  to  the  punip-siiction 
pipe.  This  air  valve  should  be  preferably  of  the  needle- 
valve  type  so  as  to  permit  close  regulation  ;  otherwise 
the  i)unip  may  become  air-bound.  A  sim])le  and  effective 
method  of  using  the  pum])  itself  to  fill  the  air  chamber 
is  illustrated  in  Fig.  8,  where  G  is  the  pump  cylinder,  P 
a  regulating  valve  and  A'  and  L  cheek  valves.  Pipe  M 
leads  to  the  air  chamiwr  and  .Y  is  open  to  the  atmosphere. 
By  opening  P  a  little  a  i-olumn  of  air  may  be  drawn  into 
the  vertical  riser  0  through  the  check  valve  A'.  When  the 
pump  plunger  reverses,  this  air  is  driven  out  through 
check  valve  L  into  the  air  chamber.  Pipe  0  should  be 
at  least  3  ft.  long.  Valve  H  is  always  kept  open  except 
when  disconnectiens  are  made.  This  arrangement  is  not 
presented  as  new,  as  several  engineers  have  independent- 
ly thought  of  the  .same  idea  and  are  using  it  successfully. 
The  control  of  the  air  inlet  at  P  instead  of  at  H  is  thought 
to  be  original,  however,  aiul  this  permits  an  unobstructed 
passageway  betweeu  the  pump  cylinder  and  the  air  cham- 
ber, facilitating  charging.  If  the  water  is  taken  by  the 
]5ump  from  an  open  heater  above,  pipe  0  must  be  made 
of  a  length  sufficient  to  place  the  check  valves  and  the  air 
inlet  X  above  the  water  level  in  the  heater.  If  this  is 
not  feasible,  an  air  connection  can  be  made  directly  to  N 
from  the  compressed-air  system,  assuming  that  there  is  a 
pressure  greater  than  that  due  to  the  head  of  water  in 
the  heaters  so  that  air  will  be  forced  into  pipe  0  upon  the 
opening  of  the  check  valve  A'. 

One  interesting  test  was  run  under  the  following  con- 
ditions: Single-cylinder,  single-acting  boiler-feed  pump 
direct  connected  to  a  pumping  engine;  discharge  line  2 
in.  in  diameter  and  about  250  ft.  long ;  water  pumped  in- 
to an  open  tank  through  throttling  valve  on  the  end  of 
the  discharge  line;  10-in.  by  10-ft.  air  chamber  located 
in  the  discharge  line  close  to  the  pump.  An  absolutely 
•Icady  flow  of  water  into  the  tank  was  obtained  with  the 
throttling  valve  partly  closed,  showing  that  the  air  cham- 
l)er  was  absorbing  the  extreme  pulsations  from  the  type 
of  i)ump  used. 

Air  C'HAMiiKK  DniExsioxs 
AVith  the  exception  of  the  single-cylinder,  single-acting 
direct-connected  pump,  which  is  not  often  found  in  power 
plants,  and  which  is  diminishing  in  favor,  the  dimensions 
of  the  air  chamber  should  be  sufficient  to  provide  an  air 
space  from  five  to  six  times  the  displacement  of  one  pump 
jdunger.  The  size  of  discharge  lines  bears  a  fairly  con- 
stant ratio  to  pump  capacity  and  satisfactory  results  have 
lieeu  obtained  from  air  chambers  of  the  following  dimen- 
sions : 

Size  of  Di.scharge  Line     Inside  Di.i.  of  Air  Cliambi 


In. 


In. 


It  will  i)e  noticed  that  the  height  in  feet  corresponds  to 
the  diameter  of  the  line  in  inches.  If  there  is  not  head 
room  enough,  the  chamber  may  be  reduced  in  height  and 
increased  in  diameter,  retaining  the  .<ame  volume  and 
nutking  the  neck  as  large  as  the  .second  column  of  the 
lalile.  '" 

It  is  hoped  that  other  contributions  to  this  subject  will 
follow  as  there  is  certainly  great  need  for  air-chamber 
standardization. 


Small  Vertical  Boiler  of  High  Capacity 

By  Charles  F.  Prescott 

The  writer  was  asked  to  install  about  80  commerciaJ 
boiler  horsepower  in  a  space  only  7  ft.  wide  by  10  ft. 
long  by  8  ft.  4  in.  high.  These  dimensions  were  much  tod 
small  for  any  usual  type  of  boiler  of  such  capacity. 

The  only  type  which  looked  at  all  feasible  was  the  ver- 
tical, tubular,  and  as  it  is  considered  to  he  troublesonu' 
when  of  large  size,  the  writer  hesitated,  but  finally  de- 
cided to  Iniild  one  for  the  work.  The  dimensions  haM' 
been  omitted  in  the  illustration  for  the  purpose  of  nunc 
clearly  bringing  out  the  fixtures  adopted  to  secure  a  good 
circulation  of  the  water  and  gases. 
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section  a.-b 

Showixg   General  Coxstructiox   of  High-Capacity 
Boiler 

The  boiler  was  72  in.  outside  diameter  and  8  ft.  IV2  ^'^• 
high,  and  contained  366  two-inch  tubes,  5  ft.  oi/o  in.  be- 
tween sheets,  the  heating  surface  of  the  firebox  is  50.9 
scj.ft.,  of  the  tubes  below  the  water  line  758.6  sq.ft.,  and 
above  the  water  line,  287.5  sq.ft.  Total  evaporative  heat- 
ing surface  809.5  sq.ft.  The  grate  surface  is  23.22 
sq.ft.,  giving  a  ratio  of  heating  to  grate  surface  3-i.9 
to  ]. 

To  secure  a  rapid  circulation  of  the  water  and  oifset  the 
tendency  of  vertical  boilers  to  accumulate  scale  on  the 
crown-sheet,  or  the  firebox,  the  writer  devised  the  pan 
shown.  This  was  made  of  steel  plates,  -^  in.  thick,  the 
circular  plate  extending  upward  to  a  point  18  in.  below 
the  water  line  and  downward  to  within  214  in.  of  the 
mud  ring. 

Tlie  flat  plate  was  drilled  for  the  tubes  using  the  fire- 
box plate  as  a  template  and  in  addition  to  the  tube  holes. 
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ad  a  7-iii.  hole  in  the  center.  The  pan  was  set  in  the 
oiler  with  the  flat  plate  2i/2  i"-  alcove  the  erown-.sheet 
nd  held  in  place  by  the  firebox  stay-bolts  which  passed 
lirough  the  lower  portion. 

With  this  pan  in  position  the  circulation  is  strong,  and 
ositive  as  the  intense  heat  from  the  firebox  will  cause  the 
ater  and  steam  to  rise  in  the  pan,  pass  rapidly  across 
he  crown-sheet  and  through  the  central  opening,  the 
ownward  flow  being  supplied  from  the  to|)  of  the  pan 
o  the  bottom  of  the  boiler  by  the  space  Ijctwecn  the 
an  and  the  shell. 

In  addition  to  this  natural  action  the  boiler  was  sup- 
)lied  with  feed  water  at  the  center  by  a  pipe  with  the 
!ud  upturned,  so  that  whenever  the  pump  was  running 
:he  rapidity  of  the  circulation  was  increased.  The  blow- 
)fE  pipe  was  turned  downward  into  the  central  opening 
md  when  used  caused  a  flow  of  water  from  the  firebox. 

It  will  be  noted  that  the  tubes  are  laid  oft'  on  triangles. 
[n  this  case,  this  arrangement  is  not  at  all  unfavorable 
IS  with  a  nozzle  turned  at  60  deg.  on  the  end  every  row 
3f  tubes  can  be  washed  tlioroughly.  I  ha\'e  known  tins 
Doiler  to  be  in  constant  use  for  eleven  weeks,  using  only 
the  blowofEs  for  cleaning,  and  when  opened  there  was  a 
very  small  quantity  of  soft  mud,  mostly  in  the  pan.  No 
provision  was  made  for  washing  the  crown-sheet  direct- 
ly as  the  movement  of  the  water  was  relied  upon  to  keep 
it  swept  clean. 

'  AVhen  first  put  in  service  there  was  no  retarder  in  the 
hood  and  the  firebox  ends  of  the  central  tuijes  leaked 
badly.  It  was  surmised  that  this  was  due  to  short-circuit- 
ing of  the  gases,  causing  most  of  the  heat  to  go  to  the  cen- 
ter. The  retarder  was  suspended  over  the  center  tubes, 
brackets  not  shown,  and  no  further  trouble  was  experi- 
enced. 

The  draft  was  supplied  by  a  stack  30  in.  in  diameter 
and  30  ft.  high  from  the  grates.  The  pressure  carried 
was  12.5  lb.  and  the  feed  water  was  supplied  at  155  deg. 
P.  The  coal  used  had  an  evaporative  efficiency  of  121/^ 
lb.  of  water  from  and  at  212  deg.  F.  Burning  370  lb. 
of  coal  per  hour,  the  eva]ioration  was  2020  lb.  ].ier  hour 
from  and  at  212  deg.  F.,  corres]iondiiig  to  84.6  com- 
mercial horsepower. 

Readers  will  find  that  some  very  inijujriant  ratios  are 
wrong  in  this  boiler,  when  compared  to  good  practice.  The 
boiler  would  have  been  a  failure  had  it  not  been  for  the 
circulating  pan,  which  not  only  kept  the  heating  surfac'cs 
clean,  but  by  rapid  movements  of  the  water  increased  the 
capacity  of  those  surfaces. 

There  is  no  doubt  that  tlie  retarder  did  its  share.  The 
steam  averaged  98  per  cent.  dry.  To  clean  the  flues  we 
threw  salt  on  the  fire. 

Ohio   Boiler-Inspection   Rules 

"In  compUanee  with  the  recently  amended  Ohio  steam- 
boiler-inspection  law.  the  Oliio  Board  of  Boiler  Rules  held  a 
special    meeting-   at    the   State   House.    Columbus,    on   July    7. 

The  purposes  of  the  riieetins'  were  to  formulate  rules  cov- 
ering the  construction  and  inspection  of  locomotive  boilers 
installed  and  operated  in  the  state  which  are  not  subject  to 
inspection  under  the  Federal  laws;  to  formulate  rules  gov- 
erning the  construction  of  furnace  flues  in  internally  flred 
boilers;  to  revise  the  safety-valve  rules  to  meet  the  require- 
ments  of  modern    steam-boiler   practice. 

Chairman  C.  H,  Wirmel.  of  the  state  board,  published  an 
announcement  of  the  above  object  of  the  meeting-  as  required 
by  l;iw.  An  early  issue  of  "Power"  will  contain  the  report  of 
t\u'    iiroceedings. 


Why  the  Chicago  Federal  Building  Is 
To  Have  Its  Own  Plant 

.So  raucli  prominence  has  been  given  to  the  decision  of  the 
present  administration  to  have  the  Chicago  Federal  BuildiuK' 
furnish  its  own  electric  current,  that  the  following  history 
of   the   events   leading   up    to   it   may   be   of    interest. 

The  first  important  move  was  the  investigation  by  Govern- 
ment engineers  to  ascertain  whether  or  not  an  isolated  plant 
would  pay.  Their  report  was  rendered  in  July  of  last  year 
and  showed  that  the  current  was  being  purchased  on  a  sliding 
s(  ale  tliat  made  its  average  cost  l.Oc.  per  kw.-hr.  It  was  es- 
timated that  with  its  own  plant  the  building  could  be  sup- 
plied with  current  at  a  cost  of  not  to  e.xceed  1.1c.  per  kw.-hr. 
The  building  already  contained  a  plant  for  steam  heating  and 
the  boiler  equipment  would  not  have  to  be  increased.  The 
help  employed  now  numbering'  22  men  would  have  to  be  in- 
creased by  only  four  men  and  the  additional  cost  for  labor 
would   be  less   than  17%    per  cent. 

■\There,  for  the  lieating,  ther«  had  been  consumed  about 
5600  tons  of  coal  per  year,  it  was  figured  that  2100  tons  more 
would  supply  lighting  and  elevator  power  as  well,  the  ex- 
haust steam  being  used  for  lieating.  Tliis  was  based  on  gen- 
erating as  much  current  as  has  been  used  per  year  recently, 
about    1,373,000    kw.-hr.    and    coal   costing   $3.15    a   ton. 

The  report  recommended  the  installation  of  a  plant  con- 
sisting of  two  200-lcw.  and  two  100-I<w.  generating  sets  and 
estimated  that  the  saving  would  pay  for  the  investmu.nt  iu 
three    years. 

Before  bids  wei'e  asked  tlie  central  station  was  advi;ie  1 
that  an  installation  was  contemplated  and  asked  to  make 
its  best  proposition  on  continuing-  to  furnish  current.  It  re- 
plied that  tlie  rate  then  (1.9c.  per  Ivw.-hr.)  was  the  best  it 
could  make.  Nevertheless  about  tlie  time  the  bids  were  oi>- 
ened  it  offered  to  reduce  the  rate.  This  offer  was  considered 
and  rejected.  The  central  station  then  criticised  the  esti- 
mated cost  for  the  building  to  furnish  its  own  current  as  in- 
accurate, claiming-  that  the  current  could  not  be  made  at  so 
low  a  price. 

Comparison  of  the  costs  at  other  Government  buildings 
furnishing  their  own  current  showed  all  to  be  below  the  rate 
offered  by  the  central  station.  To  be  sure  the  estimate  was 
not  too  low  it  was  checked  by  engineers  in  other  Government 
departments   and    confirmed. 

Negotiations  became  so  complicated  that  no  decision  was 
readied  during  the  last  administration  and  it  was  passed  on 
to  the  present  one.  It  was  not  until  April  that  any  important 
new  developments  occurred.  The  last  proposal  of  the  central 
station  was  rejected  as  it  was  still  above  the  estimated  cost  of 
the  current  generated  in  the  building's  own  plant,  and  Secre- 
tary McAdoo  ordered  the  contract  awarded  to  the  Harrisburg 
Foundry  &  Machine  Works,  which  was  low  bidder  on  the 
basis   of  an   evaluated   guarantee. 

The  clause  in  the  specifications  by  which  tlie  bids  were 
compared  is  an  interesting  one  and  is  in  effect  the  same  as 
has  been  incorporated  in  similar  bids  for  tlie  last  year  or 
so.  It  gives  the  Government  the  chance  to  close  with  the 
most  favorable  bid  rather  than  as  heretofore  taking  tlie  low- 
est bid  irrespective  of  value  received   as  a  whole.     Tt  follows: 
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vari.m-i    I. i, 1.1.  is    .liff.T    they    will    I 
the     |iur|"..s..    of    compai-ison: 

(\..st  t.)  l;.  uerate  steam  16  (sixteen)  cents  per  thousand 
pound.s.  an.I  steam  consumption  guaranties  will  be  evaluated 
at  this  rate.  Each  unit  will  be  assumed  to  opei-ate  S  hours  a, 
day,   31)5   days  per  year,   and  at  the  following-  load  factor: 

Percentage  of  load,  per  cent 25      50      75      100      125 

Loa.l   factor,   per  cent 10      20     50        15  5 

Th..  algebraic  sum  of  the  savings  at  various  loads  when 
operating  under  conditions  given  above  will  represent  the 
gross  savings  \}fr  year  effected  liv  the  units  with  the  lower 
stf-aiti   .■..)is.niii)li..ii    .,\.r  lli.-  units   witli  tli.'  hii;lu'r  g\iai;i  lit  ies. 

II     Ih.     ^M.ss    >..;,,|-.     s.i'iims    ;is    .oiiipu  I  .■.  I    nl...\-..    ..x.-.-.'.ls    10 

P>-i'..i.i     .1.  i:.( 111. I     ;    |..' Ill     int. T. -si    .•liiii-y.  s  ..n    the 

dilf.. .■    l,.iu,.,;i    111.,    iiiiiciiiil    n|-    til.,    hi. Is,    th..    bi.1    foi-    the 

units  with  the  lowej-  steam  consumption  will  take  preference 
in  the  award  over  the  bid  for  the  units  with  the  higher  guar- 
anties. 

Should  the  successful  bidder  fail  to  fulfill  his  contract 
guarantee,  the  Govei-nmeiit  is  protected  by  the  following 
clause: 


th.; 

emln 

will 


PEX.\rTT-It    iiuis 


.listi 


■tl'. 


i.l.-i 


Of 


'■V'lV      I  .■.Hill  .lii.'l;!      ,11       I  H.        -;..   '■iri.-, :,s      ;..|.l      the 

guai-;i;i(.'.-.;    ;iiii..iiiiis    r.ii     sl.'.iiii    .  ..iiwiii,i|.i  i.,,,     ..       i,  .1     bv    the 

bid. 1.1     nii.l,  r  v,-!ii.|i  ,■ liii-.i.s  Ih.'  .■..Ill  I illbe'paid. 

In. .\. -Ill    II...   uiiiis    iMil    I.!    II1...I    th..   sii.  III!      .     .1      ..inirements 

or  th.-  sleiuii   .■..iisuiii].ti..n   is   m^at..'   th.n i    -n.ranteed  by 

bidder,  the  department  shall  have  the  risht  t.i  i  eject  the  unit 
or  units  absolutely  and  require  the  supply  of  satisfactory  unit 
or  units  which  shall  comply  with  all  contract  requirements  in 
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rpKHi'd  thereto;  or  if  it  elects  to  accept  same  in  event  steam 
consumption,  at  any  load,  is  Kreater  irrespective  of  other 
loads  than  that  named  In  the  proposal,  then  the  contract  price 
shall  be  the  amount  named  in  the  contract  for  a  satisfactory 
plant  less  the  amount  of  deficiencies  shown  by  test  based  on 
the  following  schedule  for  each  pound  or  fractional  part  of  a 
pound    of   steam    per    kilowatt-hour; 


25 

50 

75 

100 

125 

per 
cent. 

per 
cent. 

per 
cent. 

per 
cent. 

per 
cent 

$30 
60 

$120 
240 

$420 
S40 

$180 
360 

150 

100-kilowatt-hour    unit 
200-kilowatt-hour    unit 

In  the  estimate  the  total  cost  of  operating  the  plant  for 
the  production  of  current  was  calculated  at  somewhat  less 
than  $15,000  per  annum,  which  would  be  a  saving  of  some 
$11,000  over  the  cost  of  purchased  current.  On  the  basis  of 
the  contractor's  guarantee  it  is  likely  that  this  saving  will 
be   considerably   exceeded. 


German     Excursion   of    the    American 
Society  of  Mechanical  Engineers 

Upon  the  invitation  of  the  Verein  Deutscher  Ingenieure 
seme  250  members  and  guests  of  the  American  Society  of  Me- 
chanical Engineers  left  New  York  on  the  "Victoria  Luise."  of 
the  Hamburg-American  Line  to  attend  the  annual  meeting  of 
the  Germany  Society  at  Leipzig  and  to  visit,  under  the  aus- 
pices of  that  society,  a  number  of  the  cities  and  industrial 
establishments  of  Germany.  The  first  stage  of  the  trip  ended 
wUh  the  arrival  of  the  steamer  at  Plymouth.  England,  one 
week   after  leaving  New   York. 

The  trip  was  exceptionally  quiet  as  regards  sea  and 
w-eather,  affording  the  fullest  opportunity  for  the  enjoyment 
of  the  program  provided  by  the  entertainment  committee. 
Every  hour  was  fully  occupied;  the  principal  evening  events 
being: 

Wednesday — Reception  by  the  officers  of  the  S.S.  "Victoria 
Luise"    and    of   the    Society,    followed    by    a   dance. 

Thursday — Lecture  on  German   history  by  Henry  Hess. 

Friday — Mock   trial. 

Saturday — Lecture   on    German   art   by   Prof.   H.   E.   Clifford. 

Monday — Lecture  on  German  cities  by  W.   R.   Warner. 

Tuesday — Cotillion. 

Wednesday — Lecture  on  German  educational  system  by 
Prof.   C.   R.   Richards,   and  a  cabaret  performance. 

In  addition  to  these  main  events  there  were  sports,  games 
and  contests  of  various  sorts.  On  Sunday  evening,  the  twenty- 
lifth  anniversary  of  the  accession  of  the  present  ruler.  Em- 
peror Wilhelm  II,  a  special  dinner  was  served  at  which  the 
captain  proposed  the  health  of  the  Kaiser,  and  Dr.  William  H. 
Carpenter,  vice-president  of  Columbia  University,  and  presi- 
dent of  the  Germanistie  Society  of  America,  made  appropriate 
remarks.  On  the  following  evening  a  special  dinner  was 
given  to  the  Society  and  on  Tuesday  evening  a  farewell  dinner 
to  those  who   were   to  leave  at  Plymouth. 

The  company  included  engineers  from  all  sections  of  the 
United  States,  representing  all  branches  of  engineering  and 
by  no  means  the  least  profitable  of  the  advantages  of  the 
voyage  were  the  impromptu  discussions,  not  programmed,  but 
always  in  order  and  in  process  in  every  saloon  and  upon  every 
deck. 

Representatives  of  the  Verein  met  the  boat  at  Cherbourg 
and  the  land  program  commenced  at  Hamburg,  where  the 
party    arrived   late   on    Thursday. 


RESUSCITATION.      Bv  Dr.   Chas.   A.  Lauffer.  Medical  Director, 
Westinghouse  Electric  &  Mfg.  Co.,  East  Pittsburgh,  Penn. 
Published  by  John   Wiley   &  Sons,   New  Y'ork.      Size,   4x6 Vs 
in.;   47   pages,   illustrated,   cloth. 
This    book    includes    a    reprint    of    a    paper    on    this    subject 
delivered    by    the    author    before    the    Philadelphia    Section    of 
the    National    Electric    Light    Association.      The    author,    after 
explaining   a    number    of    successful    results    which    have    been 
obtained   from   employing   resuscitation   methods   on    men    who 
were  supposedly  dead,  gives  a  clear  description  of  the   mech- 
anism of  respiration,   illustrating   it  by  a   number  of  views  of 
the   various   parts  of  the  anatomy. 

The  prone  pressure,  or  Schafer  method  of  resuscitation, 
which  has  been  adopted  by  the  National  Electric  Light  Asso- 
ciation, and  a  number  of  other  engineering  societies,  is  de- 
scribed in  detail. 


This  book  emphasizes  the  need  of  having   the  general  i. 
lie  acquainted  with  the  principles  of  resuscitation,  and  cb 
shows  how  they  can  be  learned  so  as  to  prove  of  valuabl. 
sistance   to  persr us  in   the  ordinary   walks  of  life. 


P  E  R  vS  O  N  A  L  vS 


B.   F.  Wilcox,  formerly  an  operating  engineer  in   the   In!, 
lie    Service    Corporation    plant,   at    Marion.    Jersey    City,    N 
has  been  appointed  chief  engineer  of  that  company's  Tn  i 
plant. 

Albert  Sheather.  assistant  chief  engineer  of  the  Pni 
Service  Corporation  power  plant,  Elizabeth.  N.  J.,  has  1 
awarded  the  gold  watch  fob  offered  by  the  state  educatio/iaj 
committee,  N.  A.  S.  E.,  of  New  Jersey,  for  having  given  the 
most  correct  answers  to  the  63  questions  recently  asked  by 
that  committee.  Mr.  Sheather  is  an  officer  of  Elizabeth  As- 
sociation No.   14. 


De  Laval  Steam  Turbine  Co..  Trenton.  N.  J.  Catal'i- 
Steam  turbines,  velocity-stage  type.  Illustrated,  lOS  \>:v^ 
6x9    inches. 

Henry  R.  Worthington,  115  Broadway.  New  Tork.  I'.n 
tin  No.  202.  Volute  centrifugal  pumps.  Illustrated,  62  p.i^ 
6x9  inches. 

The  Leavitt  Machine  Co.,  Orange,  M;  ss.  Catalog  Nn 
Improved  Dexter  valve  reseating  machine.  Illustrated 
pages,   71/2x9   inches. 

Sprague  Electric  Co.,  527-31  W.  34th  St..  New  Tork.  ( 
log  No.  521.  Flexible  steel-armored  hose.  Illustrated 
pages,  5%xS  inches. 

Chicago  Pneumatic  Tool  Co.,  Fisher  Building.  Chir 
III.  Bulletin  No.  127.  Pneumatic  drills,  reamers,  flue  mil 
and   tapping  machines,   etc.      Illustrated.   40    pages.   6x9   in, 

Sullivan    Machinery    Co..     122    S.    Michigan    Ave..    Chi.  : 

111.  Bulletin    No.    5S-M.       Cross    compound    power-driven 
compressors.      Illustrated,    20   pages,    6x9    inches.      Booklet 

112.  Air  compressors.     Illustrated.  32  pages.   3x5^   inches. 

The  Smooth-On  Mfg.  Co..  572-574  Communipaw  Ave., 
sey  City.  N.  J.,  has  just  issued  a  helpful  16-page  booklet, 
tracts  from  Smooth-On  Instruction  Book  No,  12."  which 
one  interested  in  economical  power-plant  repair  work 
have   by   writing    to    the    company. 

The  Nicholson  File  Co..  Proxidence.  R.  I.,  has  just  p 
lished  the  eighth  edition  of  "File  Filosophy" — "a  49  y.-; 
education  on  flies  in  an  hour."  "File  Filosophy"  is  a  h.i 
some  booklet  full  of  helpful  file  information — in  fact  i: 
used  as  a  textbook  in  many  colleges,  manual  training  sch- 
etc.      It    is  sent   free    on    request. 


BUSINESS     ITEMS 


The  firm  of  Barrett  &  Walsh  Co..  in  the  Chamber  of  C  mi 
merce  Building.  Detroit,  are  conducting  their  business  uiil' 
the  name  of  the  Power  Plant  Supply  Co..  with  James  E.  Wals 
as  manager.  Among  others  the  company  represents  the  Wn 
B.  Pierce  Co.,  G.  L.  Simonds  &  Co..  Laclede  Christy  Clay  Fr.>c 
ucts  Co.,  Martin   Grate   Co   and   Bonner  &   Barnewall. 

Wm.  B.  Merrill  &  Co..  manufacturers  of  the  well  kii 
Tripp  metallic  packing,  having  found  their  Boston  plant 
small  to  handle  the  growing  demands  for  this  packing.  Ii 
moved  to  Jamaica  Plain,  a  suburb  of  Boston.  They  now 
cupy  the  entire  brick  and  concrete  building  recently  l>u'. 
by  the  Leno.x  Automobile  Co..  where  they  have  ample  i "" 
and   facilities  for  handling  their  rapidly  growing  business. 

The    American    Engineering   Co..    Philadelphia,    has  receiul 
secured  orders  for  "Tavlor"  stokers  from  the  New  York.   N' 
Haven  &  Hartford   R.R.  Co..   Cos  Cob  Conn.;   the  Narragan.'j. 
Brewing  Co.,  Providence,  R.  I.;  the  General   Electric  Co..  W' 
Lvnn.   Mass.:    the    Boston    Woven    Hose    &    Rubber   Co..   Bo.^it 
Mass.;    the    Dominion    Iron    &    Steel    Co..     Sydney.     N.    C. ;     tl 
American    Brass    Co..    Waterbury.    Conn.;    the   Bay   State   Sti. - 
Ry.  Co..   Chelsea.   Mass.:   the  Tremont   &   Suffolk  Mills,   Low.  1 
Mass.:  the  Cochrane  Chemical  Co..  Boston.  Mass.;  the  Monti' 
Electric    Light    &    Power    Co..    Montreal.    Canada;    the    Unit' 
Illuminating  Co..  New  Haven  and  Bridgeport;  the  Detroit  IM 
son  Co..  Detroit.  Mich.;  the  Ehiladelphia  Electric  Co..  Philad.- 
phia.    Penn.;    The    Elmira    Wafer,    Light    &    R.R.    Co.,    Elmir 
N.  T. 
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Mixed-Pressure  Turbo-Generator  Installation 


liY  T.  w.  i; 


SYM^OPS/ S — As  a  resull  of  'nixlnlluifi  a  mlxtid-prcssiirc. 
strain  lurbine,  SOO  kw.  additional  ca/iacity  was  olitaincit 
from  exhaust  steam  wliicit  liad  preriousty  been  exliausled^ 
io  ttip  atmosphere.  Tliis  gain  was  obtained  iritlioiit  ad- 
ditional tabor  or  operating  costs. 

By  installing  a  turbo-generator  in  the  power  plant  of 
Arbuckle  Brothers,  sugar  refiners  and  coffee  roasters,  it 
has  again  been  proved  that  great  advantage  is  derived 
from  the  use  of  this  type  of  turbine  iu  the  industrial 
plant  as  a  recoverer  of  waste  steam,  thus  increasing  the 
generating  capacity  without  increasing  the  coal  consunij)- 
tion  and  obtaining  improved  overall  plant  economy. 

This  power  plant  is  located  on  the  Brooklyn  side  of  the 
East  River  and  on  tlie  water  front,  a  short  distance  north 
of  the  Brooklyn  Bridge.  During  the  year  1SU3,  it  was 
deemed  advisable  to  increase  the  maximum  capacity  of 
the  plant,  and,  at  the  same  time,  always  have  a  spare  unit 
in  reserve.  After  careful  consideration  by  the  purchaser's 
engineers  as  to  the  best  method  of  increasing  the  capacity 


which  control  the  admission  of  high-pressure  steam 
through  a  separate  set  of  nozzles  which  are  correctly  \ 
portioned  to  handle  the  steam  at  130  lb.  gage  pressure. 
i5y  this  scheme  of  utilizing  the  high-pressure  steam  con- 
siderable better  economy  is  obtained  than  by  the  use  of  a 
reducing  valve.  The  admission  of  steam  to  either  the 
low-  or  high-pressure  element  of  the  turbine  is  control  leil 
by  one  governor,  thereby  obtaining  close  speed  regula- 
tion for  any  condition  of  load  or  a  variable  supply  of  1(.)U'- 
pressure  steam. 

The  unit  as  a  whole  is  very  compact.  The  oiling  sys- 
tem is  entirely  automatic,  and  a  few  drops  of  oil  are  ap- 
plied once  or  t\rice  a  day  to  the  transmission  bearing  of 
the  governor. 

The  original  power  equipment  of  this  plant  consisted 
of  four  300-kw.  and  one  15()-kw.  generators,  which  are 
direct  connected  to  simple  noncondensing  engines.  These 
engines,  and  all  auxiliary  machinery,  including  boiler- 
feed  pumps  and  large  salt-water  circulating  pumps,  which 
are  used  for  \aeuum  pans,  exhaust  into  a  common  steam 
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and  to  determine  what  economies  could  be  effected,  a 
turbo-generator  was  recommended  and  purchased. 

The  turbine.  Fig.  1,  is  of  the  Curtis  horizontal-shaft, 
mixed-pressTire  type.  It  is  directly  connected  to  a  300- 
kw.,  direct-current,  250-volt  generator.  Fig.  3.  This  unit 
utilizes  the  exhaust  steam  from  reciprocating  engines  and 
auxiliary  apparatus  that  is  in  excess  of  steam  required 
about  the  plant  for  manufacturing  purposes  and  steam 
heating.  This  type  of  turbine  is  particularly  well  adapted 
for  the  indub'trial  plant  where  the  low-pressure  steam 
supply  is  a  variable  one,  inasmuch  as  it  can  operate  en- 
tirely on  low-pressure  steam  or  with  a  partial  supply  of 
low-pressure  and  high-pressure  .steam,  or  entirely  on  high- 
l>ressure  steam,  developing  its  full  rated  capacity  under 
either  condition  Avith  good  economies. 

Low-pressure  steam  is  supplied  at  approximately  7  lb. 
gage  pressure,  and  is  controlled  by  a  butterfly  valve  in 
the  low-pressure  line.  The  mixed-pressure  feature  con- 
sists of  a  separate  set  of  high-pressure  admission  valves, 


header  against  a  back  pressure  which  averages  between 
8  and  10  lb. 

Steam  from  this  header  is  drawn  off  and  distributed 
throughout  the  plant,  where  it  is  used  in  the  vacuum  pans 
for  boiling  sugar,  evaporators,  heating  water  and  building 
heating,  the  surplus  steam  above  jjlant  requirements  be- 
ing used  in  the  turbine. 

The  problem  of  installing  the  turbo-generator  was  a 
simple  one,  and  as  the  floor  space  required  is  small  as 
compared  to  units  of  the  same  capacity  in  the  plant,  the 
turbine  and  generator  were  placed  in  one  corner  of  the 
engine  room. 

Neither  the  original  exhaust-steam  piping  nor  head- 
ers required  any  marked  change  to  make  the  low-pressure 
steam  connections  to  the  turbine.  The  connection  be- 
tween the  steam  header  and  low-jiressure  inlet  to  the  tur- 
bine consists  of  a  lagged  pipe  line  approximately  75  ft 
long.  Between  the  common  exhau.st-steam  header  and  the 
low-pressure  line  to  the  turbine  a  regulating  valve  is  iu- 
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\|j  jailed,  whifli  iiiaiiitains  a  constant  liressure  at  the  tur- 
''  line  of  approximately  7  lb.  gage.  There  is  installed  in 
lie  low-pres.sure  line,  just  ahead  of  the  butterfly  valve, 
hich  controls  the  admission  of  low-pressure  steam,  a 
behrane  steam  separator  of  sufficient  capacity  to  supply 
ly  steam  to  the  turbine. 
The  top  of  the  turbine  foundation  is  at  the  level  of  the 
ligine-room  gallery  floor.  This  level  was  used  to  gain 
18  necessary  head  room  for  the  condensing  equipment 
ithout  going  to  any  greater  depth  than  that  of  the  origi- 
al  basement  floor.  Bec<\use  of  the  short  distance  to  the 
ver,  excellent  results  have  been  obtained  with  the  con- 
ensing  equipment,  and  during  the  winter  season,  when 
he  temperature  of  injection  water  is  low,  the  vacuum  has 
jveraged  very  close  to  39  in.,  measured  on  the  mercury 
lumn  and  corrected  to  30  in.  barometer. 
The  condensing  equipment  is  of  the  low-head  jet  type ; 
e  condenser  cone,  circulating  pump  and  air  pump  are 
11  mounted  on  a  common  bedplate  and  driven  by  a  steam 
rbine,  the  exhaust  from  this  turbine  being  so  arranged 


that  it  can  be  taken  into  the  low-pressure  turbine  or  car- 
ried to  the  feed-water  heater. 

The  turbo-generator  operates  in  multiple  with  the  en- 
gine-type generators,  and  the  conibified  capacity  of  the 
equipment  is  used  for  driving  motors  throughout  the 
sugar  and  coffee  houses,  and  also  furnishes  lighting  for 
the  office  and  plant  buildings.  The  unit  operates  con- 
tinuoush'  24  hours  per  day,  six  days  per  week,  and  the 
load  averages  very  close  to  its  rated  capacity. 

N'o  test  has  been  made  to  date  to  determine  just  what 
the  overall  economy  of  the  plant  is  since  the  installation 
of  the  turbo-generator,  but  benefits  that  have  beeu  de- 
rived from  the  installation  can  be  briefly  summed  up  as 
follows:  300  kw.  additional  capacity  is  obtained  from  the 
low-pressure  steam,  which,  in  the  past,  had  gone  to  waste ; 
no  additional  labor  or  operating  cost ;  no  additions  to 
building  or  boiler  capacity ;  better  operation  of  reciprocat- 
ing engines,  as  a  constant  back  pressure  can  be  main- 
tained, thereby  allowing  for  closer  setting  of  the  engine 
valves,  resulting  in  much  smoother  operation. 


Tom   Hunter,   Hoisting  Engineer 
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'^YNOl'SIS — In  irhlcli  Hunter  e.rjilains  siiniilh ln(/  alninl 
entrifugal  pumps  for  mine  service,  and  we  risil  a  mine 
0  see  one  in  operation.  Upon  emerging  ve  come  tipon  a 
■iiyl  culm  pile,  at  one  tinu'  tlnntghl  of  no  value. 

A  few  days  after  my  last  interview  with  Hunter  I 
strolled  down  to  the  depot  to  watch  the  trains  come  and 
go.  While  comfortably  seated  on  a  baggage  truck,  my 
idle  musings,  as  to  where  all  the  travelers  were  going, 
were  interrupted  by  a  terrific  slap  on  the  back,  the  force 
of  which  knocked  a  partly  consumeil  cigai'  onto  the  coal- 
dust-covered   platform. 

Turning,  I  found  my  assailant  was  Hunter,  who  was 
going  about  30  miles  down  the  line,  and  as  he  extended 
an  invitation  to  go  with  him,  I  gladly  accepted.  After 
getting  comfortably  seated  in  tlie  train  the  conversation 
drifted  from  one  topic  to  another,  until  Hunter  men- 
tioned that  he  was  going  to  witness  the  operation  of  a 
motor-driven  centrifugal  pump.     That  was  my  chance. 

"Can  centrifugal  puui|is  be  used  to  advantage  in 
mines?"  I  asked,  "if  so,  why  haven't  we  seen  them  m  the 
mines  we  have  visited  ?" 

"Because  most  of  the  mines  have  been  steam  proposi- 
tions from  the  start  and  it  would  mean  a  large  financial 
outlay  to  change  over  to  electricity.  Mines  having  al- 
ternating-current generating  machines  will  be  found  to 
have  part,  if  not  all,  of  the  pump  equipment  of  the  cen- 
trifgugal  type.  After  you  have  seen  one  of  these  units 
running  you  will  understand  that  it  is  a  comparatively 
simple  machine,  having  no  valves  to  keep  in  repair  and 
will  pass  a  large  amount  of  water,  in  fact,  it  will  deliver 
the  same  amount  of  water  under  the  same  conditions  of 
head  as  the  reciprocating  pump,  and  use  less  fuel  to  pro- 
duce the  power." 

"Isn't  the  speed  at  which  the  pump  runs  a  factor 
against  its  use?"  This  question  was  a.?ked  because  I 
had  visions  of  a  motor  driving  a  pump  at  high  velocity. 

"The  revolution  of  a  pump  is  dependent  on  the  head 


against  wliich  it  operates,  as  is  also  its  capacity,  for  a 
few  revolutions  faster  oi'  slower  will  considerably  vary 
the  amount  of  water  delivere<l.  It  won't  do  to  overspeed 
a  pump  and  the  best  results  are  obtained  when  the  veloc- 
ity through  the  discharge  is  between  8  and  12  ft.  per 
sec.  If  the  pump  is  crowded  beyond,  the  tendency  is 
toward  less  efficiency." 

"How  much  lift  can  be  given  to  a  centrifugal  pump, 
and  how  do  you  get  the  water  started  in  them  ?" 

Hunter  flicked  the  ashes  from  the  end  of  his  cigar  and 
said :  "It  will  lift  water  by  suction  as  high  as  any  pump, 
but  there  must  be  no  air  leaks  in  the  suction  pipe,  as  a 
small  amount  of  air  will  affect  the  working  of  the  pump 
and  sometimes  prevent  the  discharge  of  any  water. 

"As  with  any  other  type  of  pump,  it  should  be  placed 
as  close  to  the  sump  as  possible,  and  never  more  than  2-1 
ft.  above  the  surface  of  the  water  to  lie  pumped;  20  ft. 
would  be  a  better  maximum  lift. 

"A  mistake  is  sometimes  made  by  using  piping  smaller 
than  the  inlet  and  discharge  orifices,  and,  of  course,  the 
less  elbows  and  bends  in  the  pipe  the  better.  In  case  the 
discharge  pipe  is  long,  one  or  two  sizes  of  pipe  larger  than 
called  for  would  be  of  advantage.  Xow  for  your  seconil 
question. 

"All  centrifugal  pumps  placed  above  the  water  su])ply 
must  be  primed  before  starting.  Some  pumps  are  made 
with  a  priming  device  or  ejector.  Steam  is  turned  on  and 
the  suction  created  draws  the  air  out  of  the  suction  pipe, 
when  water  will  rise  in  it  to  the  pump.  If  the  suction 
pipe  has  a  foot  valve,  the  pump  can  be  filled  with  water 
by  means  of  pails  or  by  other  availalde  means.  In  some 
cases  a  small  motor-driven  pump  is  used  for  priming. 

"When  this  type  of  pump  is  used  for  mine  work  wliere 
the  head  is  necessarily  high,  a  multistage  unit  is  used, 
with  as  many  stages  as  may  be  necessary  to  elevate  tlu: 
water  to  the  surface." 

"Xow  just  hold  up  a  little  and  tell  me  what  a  multi- 
stage   ))ump    is,    Ijefore    you    go    on    any    fui'tber,"    and 
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I  hiindcd  Hunter  a  '-Lord  Sonu'lMidy"  t(i  ket'i)  him 
.-III  iablu. 

"Simply  two  or  more  single  pumps  combineil  within 
'ine  casing,"  replied  Hunter,  lighting  the  weed.  "Tlie 
water  is  delivered  from  the  runner  of  one  pump  to  the 
runner  of  the  second,  and  so  on  through  the  total  number 
of  stages  and  the  pressure  produced  increases  in  propor- 
tion. Every  pump  should  be  designed  for  each  individual 
case,  as  for  any  desired  capacity,  head  and  speed,  to  ob- 
tain the  best  results.  The  efficiency  varies  with  the  size  of 
the  unit,  the  average  for  medium-size  pumps  being  from 
GO  to  65  per  cent.  Large  pumjis  are  rated  as  high  as  80 
per  cent,  efficiency. 

"Like  everything  else  this  type  of  pump  is  made  good, 
]ioorly  and  indifferently.  The  better-class  ]>uraps  have 
shrouded  impellers." 

■'Shrouded  impeller,  what  ihi  you  mean  l)y  that?" 

"Wh}'  the  metal  is  carried  up  on  each  side  of  the  im- 
peller so  that  there  will  be  no  loss  from  friction  of  the 
rotating  water  against  the  inside  of  the  pump  casing. 
Xaturally  a  thin  film  of  water  will  exist  between  the  out- 
side surface  of  the  shrouds  ajul  the  inside  of  the  pump 


1.  Motor-Driven,  Four-Stage  Centrifugal  Pump. 
Concrete  Wall  in  the  Background 

casing.  This,  however,  can  be  reduced  to  a  minimum  if 
the  outside  of  the  impeller  and  inside  casing  are  ma 
chined." 

"Then,  as  I  understand,  only  such  mines  as  are  elec- 
trically equipped  operate  centrifugal  pumps,  and  that  is 
why  we  haven't  seen  more  of  them." 

"Xow  don't  jump  at  conclusions  before  you  know  where 
you  are  going  to  land,"  rejoined  Hunter.  "The  centrifu- 
gal pump  is  a  comparatively  recent  product  and  because 
other  types  of  pump  have  for  years  been  doing  the  work 
satisfactorily,  there  are  those  who  do  not  look  upon  it 
with  favor  for  underground  use.  Others,  however,  have 
looked  into  the  merits  of  centrifugal  pumps  and  back 
their  belief  by  operating  them.  Mo.st  are  motor  driven 
for  several  reasons,  but  that  is  a  cat  of  another  color." 

"That  means,"  said  L  "that  those  who  do  not  favor 
centrifugal    pumps    are    prejudiced    against    them." 

"Yes  and  no,  because  the  service  of  the  immp  depends 
somewhat  upon  the  shape  and  size  of  the  impeller  passages 
and  the  amount  and  size  of  foreign  matter,  such  as  chips, 
coal  and  small  pieces  of  rock  which  are  likely  to  be  picked 
u])  by  the  suction  and  pass  through  the  pump. 

"As  I  told  you  some  time  ago,  pumps  handling  mine» 


water  must  be  protected  from  the  acids  by  suitable  Im- 
Mig.s,  although  a  few  mines  are  fortunate  in  having  wni  i- 
that  does  not  attack  the  metal  of  the  pump." 

'•Well,  you  said  that  most  mine  pumps  are  wood  lin^  I ; 
why  can't  the  same  thing  lie  done  with  centrifiuil 
pumps  ?" 

''It  would  not  be  practicable  to  use  wood  because  o£ 
mechanical  and  operating  conditions,  but  all  parts  com-- 


Fig.  2.    Centrifugal  Pump  and  Pkimixc;  Outfit 

ing  in  contact  with  the  water  can  be  made  of  bronze, 
which  will  resist  the  corrosive  action  of  the  water." 

Just  then  the  train  slowed  down  at  our  destination,  and 
a  few  minutes  later  we  were  down  in  the  mine  pump 
room,  where  I  first  saw  a  motor-driven,  four-stage  cen- 
trifugal mine  pump.  It  had  a  capacity  of  800  gal.  of 
water  per  min.  with  a  640-ft.  lift.  Fig.  1.  Later  on  in 
the  day  I  saw  a  second,  but  smaller  single-stage  pump 
and  priming  outfit.  Fig.  2.  It  was  working  against  a 
low  head  and  wats  driven  by  an  induction  motor.  The 
priming  plunger  pump  was  driven  by  a  small  2-hp.  motor. 

Coming  up  out  of  the  second  mine  into  daylight  the 
view  was  one  not  often  seen.     Tons  upon  tons  of  culm 


Fig.  3.  We  Looked  Down  Upon  a  Vast  Field  of  Culm 
AND  Mine  Eefuse 

and  mine  refuse  partly  filled  the  valley  below  the  niim' 
shaft,  Fig.  3.  At  the  far  end  of  the  culm  pile  a  small 
jwashery  was  reclaiming  fuel  from  the  pile  of  refuse  that 
had  been  thought  of  no  value  when  taken  from  the  mine. 
In  the  distance  the  village  of  miners'  houses  could  be  seen, 
toward  which  we  made  our  way,  over  the  mass  of  dirt, 
coal  and  slate.  A  train  soon  brought  us  back  to  our 
starting  point,   where   we  parted   for  the   night. 
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The  Theory  of  Centrifugal  Pumps 


J!y    \l.    Ij.    DAUCiHUIiTY* 


lYNOPSIS — Tlie  various  dirisions  of  Jiead  entering  in- 
0  the  operation  of  a  centrifugal  pump,  and  I  hi'  rliar- 
cteristics  of  both  turbine  and  volute  pumps. 


Centrifugal  pumps  are  so  called  because  centrifugal 
'orce  or  tlie  variation  of  pressure  due  to  rotation  is  an 
niportant  factor  in  their  operation.  However,  as  will 
)e  shown  later,  there  are  other  factors  which  enter  into 
;heir  operation.  Centrifugal  pumps  are  broadly  divided 
into   two   classes:      Turbine   pumps   and   volute   pumps. 

In  the  turbine  pump  the  impeller  is  surrounded  by  a 
iiflPusion  ring  containing  diffusion  vanes,  whose  function 


Fig.  1.  Casing  Sukkounding 

DlFFUSKK 


Fig.  2.  Volute 
Casing 


is  to  gradually  reduce  the  velocity  of  the  water  leaving 
the  impeller  and  thus  efficiently  transform  the  kinetic  en- 
ergy into  pressure  energy.  The  casing  surrounding  the 
diffuser  may  be  either  circular,  as  shown  in  Fig.  1,  or  it 
may  be  of  a  spiral  form. 

The  volute  pump  has  no  diffusion  vanes,  but,  instead, 
the  impeller  is  surrounded  by  a  casing  of  spiral  form. 
(See  Fig.  2.)  This  spiral  is  known  as  the  volute,  from 
■which  the  pump  receives  its  name.  Some  pumps  nuiy 
have  a  circular  instead  of  a  volute  casing,  but,  as  this 
type  is  less  efficient,  it  will  not  be  considered  in  the  classi- 
fication. 

By  many,  the  term  ''centrifugal  pump"  is  understood 
to  mean  a  piunp  without  diffusion  vanes,  while  one  with 
diffusion  vanes  is  called  a  turbine  pump.  The  writer, 
however,  prefers  to  use  the  term  in  its  broader  sense  so 
as  to  cover  both  types. 

Head  or  Lift 

In  all  cases  the  head  developed  is  the  vertical  height 
to  which  the  water  is  lifted,  plus  the  velocity  head  at  dis- 
charge, plus  all  losses  in  the  suction  and  discharge  pipes. 
It  is  also  the  difference  between  the  total  head  on  the 
discharge  and  the  suction  sides  of  the  pump.  If  pressure 
and  vacuum  gages  are  used  to  determine  this,  then  the 
head  developed  equals  the  pressure-gage  reading  (in  feet 
of  water)  plus  the  vacuum-gage  reading  (in  feet  of 
water),  plus  the  difference  in  elevation  of  the  centers 
of  the  gages,  plus  the  velocity  head  in  the  discharge  pipe, 
minus  the  velocity  head  in  the  suction  pipe. 

•Assistant   Professor,    Sibli-y   College,    Cornell   University. 


HiCAD  OF  lilPKXDIXCi   DELIVERY 

The  head  developed  by  the  pump  when  no  discharge 
occurs  is  called  the  "shutoff  head"  or  the  "head  of  im- 
pending delivery."  We  are  then  concerned  only  with 
"centrifugal  head"  or  the  height  of  a  column  of  water 
sustained  by  centrifugal  force.  If  a  vessel  containing 
water  is  rotated  at  a  uniform  rate  the  water  will  tend  to 
rotate  at  the  same  speed  and  the  surface  will  assume  a 
curve  as  shown  in  Fig.  3.  This  curve  approximates  a 
parabola,  and 

/,  =  ,r„  fig 
where  ti..  =   Linear  velocily  of  (he  vessel  at  a   nidius.  ;•,,. 

If  the  water  be  in- 
closed so  that  its  sur- 
face cannot  change, 
the  pressure  will  fol- 
low the  same  law. 
If.  as  in  Fig.  i.  the 
water  is  set  in  motion 
by  a  paddle  wheel  in 
a  chamber  and  a  pres- 
sure chamber  sur- 
rounds that  contain- 
ing the  water  in  mo- 
tion, then  the  pressure 
in  the  outer  chamber 
will  be  greater  than  that  at  the  center  by  the  iiniounl 
u\_/2  g. 

Although  ideally  the  head  of  impending  delivery 
equals  u-„  /2g.  pumps  give  values  either  above  or  below 
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Fig.  3.  Parobolic  Form  of 
Water  Surface 


Fig.  4.  Illustrating  Pues.sure  at  Different   Points 

that  amount  in  many  cases.  This  may  be  accounted  for 
in  a  number  of  ways.  In  any  pump  there  is  never  a 
ease  of  zero  discharge ;  for  a  small  amount  of  water,  about 
5  per  cent,  of  the  total  rated  discharge,  will  be  short - 
circuited   through  the  clearance  spaces.     This  will   tend 


so 
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to  niiike  the  shulotT  licad  i;ii'iit«r  or  loss  tliaii  m'o  /2(/,  ac- 
cording to  whether  the  pump  has  a  rising  or  a  falling 
characteristic.  Also  the  more  the  vanes  are  directed  back- 
ward the  more  tendency  there  is  for  internal  eddies  to 
be  set  up,  which  tend  to  reduce  the  head.  This  is  one 
reason  why  different  angles  of  vanes  give  different  values 
of  shutoff  head,  and  another  is  that  tiie  more  the  vanes 
are  directed  backward  the  more  rapidly  will  the  pressure 
fall,  with  an  increase  of  discharge,  ivs  will  be  sliown  hiler. 


Fig.  -j.  Eklativk  Vm.oriTiKs  at  Entrance  and  Exit 

Furthermore,  if  the  water  in  the  eye  of  the  impeller  is 
not  set  in  as  rapid  rotation  as  the  impeller  itself  the  head 
may  be  further  reduced.  There  is  also  a  tendency  for  the 
water  surrounding  the  impeller  to  be  set  in  rotation  and 
this,  on  the  other  hand,  tends  to  increase  the  head  since 
the  effective  value  of  i^  and  thus  u.,  is  greater  than  the 
nominal  value  used.  However,  there  is  usually  little  de- 
viation from  the  ideal  case  with  most  pumps  and  the 
actual  head  of  impending  delivery  is  such  that  /(  equals 
from  0.9  to  1.1  of  u^i/2g. 

Head  Duiaxc;  Deliveky 

AVlien  flow  occurs  the  foregoing  relation  no  longer  holds, 
for  other  factors  besides  centrifugal  force  enter  in.  There 
may  be  an  increase  in  head  for  small  values  of  discharge, 
in  which  case  the  pump  is  said  to  possess  a  rising  char- 
acteristic. On  the  other  hand,  the  head  may  continually 
decrease  as  the  discharge  increases  above  zero,  in  which 
case  the  pump  is  said  to  have  a  falling  characteristic.  In 
the  equations  that  will  now  he  given  the  following  nota- 
tion will  be  employed  :* 

11  =  Velocity  of  point  of  impeller  in  feet  \yer  sec- 
ond ; 

relative  t( 


V  =  Velocity  of  watt 

per  second ; 

V  =  Velocity  of  wate 

second  : 
s  =  Tangential  comixment  of  T'  in  dirertion 

tation ; 
A  =  Angle  between  V  and  iij 
a  =  Angle  between  v  and  ii  =  vane  angle; 
.l' =  Angle  made  by  diffusion  vane  with  tangent; 


m[)cller  in   feet 

relative  to  eanli  in  feet  jinr 

f  ro- 


7^  =  Area  of  stationary  ]iassagcs   in   s(iu;ii'('   fi^ct    at 
right  angles  to  flow; 
/  =  Area   of    impeller   passages    in    square   feet   al 
right  angles  to  flow; 
//  =  Head  delivered  to  water  by  im])ellfr; 
/(  =  Head   developed   by  pump; 
/)'  =  Head  lost  in  pump  by  friction  anil  shock; 
q  =  Cubic  feet  per  second  ; 

w  =  Weight  of  a  cubic  foot  of  water  =  63. .5  lb. ; 
W  =  Pounds  of  water  per  second  =  «•  q. 
The  subscript  d)  denotes  entrance  to  the  impeller,  the 
subscript  {..)  exit  from  impeller,  and  subscript  (3)  a 
point  in  the  casing.  Briefly,  v  is  called  relative  velocity 
anil  V  is  called  absolute  velocity.  The  following  relations 
will  also  be  noted  : 

//  =^  /(  -|-  /('  and  s  =  y  cos  A  =  u  -\-  v  cos  a 
Diagrams  showing  relations  of  these  velocities  at  en- 
trance and  exit  for  several  values  of  discharge  are  .shown 
in  Fig.  5.  For  a  very  small  discharge  the  water  takes 
])ath  (1)  for  an  intermediate  discharge  path  (2),  and  for 
the  normal  discharge  for  which  the  pump  is  designed 
path   (3). 

Since  the  area  of  the  impeller  exit,  f„.  is  constant,  the 
discharge  is  proportional  to  v..  for 

q  =  h  '•. 
Although  the  velocity  T  „  decreases  as  V2  increases,  the 
area  of  the  stream  increases  as  the  angle  A„  increases  at 
such  a  rate  that  the  product  of  V.,  and  the  corresponding 
area  is  an  increasing  quantity. 

When  there  is  no  discharge  the  water  in  the  eye  of 
the  wheel  is  in  rotation;  as  the  discharge  increases  ex- 
])eriment  shows  that  this  rotation  decreases  until  at  nin-- 
nial  operation  it  is  nearly  zero.  Thus  there  appears  to 
be  no  sudden  deflection  of  the  water  at  entrance  for  any 
value  of  the  discharge.  The  slight  shock  loss  at  entraurc 
and  the  friction  in  flow  through  the  impeller  passa.i^is 
will  be  taken  as  proportional  to  the  square  of  the  veloi- 
ity  of  flow,  in  accordance  with  the  usual  custom  in  hy- 
draulics, and  will  be  represented  by  k  v'^.^/2g,  where  h 
is  a  coefficient  determined  by  experiment. 

With  the  turbine  pump  there  will  be  a  shock  loss  at 
discharge  for  all  values  of  discharge  except  one,  for  with 
only   one   value   of   the   discharge   will    the   angle   A^    = 
C  c 


i 


A'.,.  If  the  water  leaves  the  impeller  with  velocity  T',  di- 
rected at  angle  A^,  it  will  be  forced  by  the  diffusion  vanes 
to  take  the  direction  A\  and  another  velocity  T''2  (see 
Fig.  (1).  It  will  be  assumed  that  the  loss  due  to  this  sud- 
den change  is  (CC)-  /'Ig.   It  can  be  shown  tliat 

(CT")    =  M,  —  V  r, 
where 

,,       sill  («,  —  J',)* 

A'      =   r^ — — 

Sin  A '.J 

The  total  loss  of  head  for  the  turbine  pump  niav  now  be 
expressed  as 

"    "  *  "o~7  "I ^ — 5 ' —       (^^^  curves  Fig.  T) 

'See    "Textbook    on    HydrauHcs,"    by   L.   JI.    Hoskins. 
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AVith  tlie  volute  ])iinip  water  leaves  the  impeller  with 
a  velocity  V.  and  enters  a  body  of  water  iu  the  casincr. 
moving  with  a  lower  velocity  V^.  In  accordance  with  the 
usual  method  the  loss  due  to  the  sudden  reduction  of 
Telocity  may  be  assumed  as 

{V,~V,y/2g 
For  a  very  small  discharge  F,  will  be  large,  being  nearly 
equal  to  m,  and  V^  will  be  small.  Thus  the  loss  will  l)e 
large.  But  as  the  discharge  increases,  V„  will  decrease 
while  Vs  increases  and  thus  the  loss  decreases.  There 
will  also  be  a  slight  change  of  direction,  although  not  ab- 
rupt. The  water  in  the  case  flows  nearly  parallel  to  a 
tangent  to  the  impeller;  the  greater  the  discharge  the 
greater  the  angle  A.,  becomes,  so  that  any  loss  due  to  a 
change  of  direction  might  here  be  included  with  the  fric- 
tion loss  in  the  impeller  passages.  If  V„  be  expressed  in 
terms  of  u„  and  t»2,  and  V^  in  terms  of  lu  and  the  ratio 
of  areas  of  impeller  passage  and  volute  passage,  the  total 
loss  of  head  for  a  volute  pump  will  be 

(V  u'\+2  cos  a.^u.2V^+v^. 


h'  =  k    -  ■'  + 


if, IF,)  V.;)' 


(I 


Thus  the  losses  approximately  follow  the  same  law  iu 
the  two  cases.  In  the  turbine  pump  there  is  a  gradual 
reduction  of  velocity  but,  except  for  one  discharge,  a 
sudden  change  in  direction.  With  the  volute  pump  there 
is  no  abrupt  change  in  direction  but  a  sudden  change 
in  velocity.  The  transformation  of  kinetic  energy  into 
pressure  energy  is  incomplete  in  either  case,  but  it  is 
believed  that  it  is  more  nearly  complete  in  the  turbine 
pump  than  in  the  volute  pump.  In  spite  of  the  extra 
hydraulic  friction  produced  by  the  diffusion  vanes  it  is 
to  be  expected  that  the  efficiency  of  the  turbine  pump 
will  be  a  trifle  higher  than  that  of  a  good  volute  pump. 
To  secure  a  higher  efficiency,  other  things  being  equal, 
we  have  merely  to  assume  a  slightly  lower  value  of  k. 

The  head  input  to  the  water  from  the  impeller  is  given 
by  either  of  the  two  following  formulas:  By  the  flrst 
method 

(kntrifiujal  head  =  — -  ^     — - 

Then  considering  the  conditions  of  flow  through  the 
imjjeller  passage,  by  Bernoulli's  ihcoreni: 


+ 


or  the  change  in  pressure  due  to  change  of  relative  veloc- 
ity is 

P'i  ~  P^    ^  '--1  —  '''--i 
w  i  (J 

Also  the  change  of  energy  due  to  differeiue  of  kinetic 
energy  of  the  water  is 

Fa.,  —   V\ 

The  total  head  delivered  to  the  water  by  the  impeller 
is  the  sum  of  these  three  items  or 


H 


W.,  —  u^ 


■^g  -iu  '-y 

The  second  method  is  not  so  obvious  nor  so  easily  de- 
rived. Init  is  more  readily  used.  It  is  liascd  upon  the 
principle  of  angular  momentum.  (See  Iloskins'  "Hy- 
draulics.")    The  resulting  e(iuation  is 


Either  equation  will  give  the  same  results. 

With  no  discharge  the  water  in  the  eye  of  the  wheel 
will  be  in  rotation  so  that  the  effective  i\  is  zero  and  thus 
«i  =  0.  As  the  discharge  increases  this  rotation  de- 
creases and  when  the  discharge  is  that  for  which  the 
pump  was  designed,  then,  ideally,  there  is  no  rotation  in 
the  eye  of  the  wheel  and  the  entrance  velocity  is  radial, 
as  shown  in  Fig.  5  (3).    Thus  for  the  normal  delivery 

,>.■,  =  Fj  cos  90  =  0 
For  these  two  cases  the  second  term  in  the  above  ex- 
pression becomes  zero.  For  values  of  discharge  between 
these  two,  the  effective  value  of  r^  and  thus  u^  is  probably 
very  small,  due  to  the  rotation  of  water  iu  the  eye  of  the 
wheel  for  small  discharges  and,  although  this  rotation  be- 
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comes  less  for  greater  discharges,  s^  approaches  zero  for 
larger  discharges.  It  involves  little  error  to  omit  the 
second  term   altogether ;  then 


// 


('^..s-.,) 


-  (w.,  -h  r. 


a,) 


In  the  case  of  no  discharge  it  has  been  shown  that  u, 
=  0,  and  it  is  also  seen  that  Y „  =  u„  and  \\  =  0.  Thus 
by  either  of  the  preceding  formulas 


// 


■iff 


But,  as  has  been  seen,  the  ideal  head  at  no  delivery  is    ^— ^ 

■i  ij 

However,  referring  to  the  expressions  for  loss  of  head  in 
either  the  turbine  or  the  volute  pump  we  find  that  for  r. 
=  0  that 

7  /  "  ■  •> 

"      =     7 

The  loss  should  be  cx])ected  to  approach  this  value,  for, 
imagining  a  very  small  flow,  the  water  will  leave  the  im- 
peller with  a  velocity  nearly  equal  to  »,,  while  in  the  case 
it  enters  a  body  of  water  practically  at  rest,  so  that  its 
kinetic  energy  is  wholly  lost.     Thus  for  zero  discharge 
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consifloration  of 


IS  was  .sliown  in  the  lirsl  plaei" 
centrifugal  lorw  alono. 

The  ideal  charaeteristie  curves  of  a  turltiiie  i)um])  are 
ihowu  in  Fig.  8.  II'  o,  is  less  than  00  (leg.,  //  increases 
IS  r._,  increases.  If  a^  equals  90  deg.,  //  is  constant  for 
ill  values  of  lu.  If  a,  is  greater  than  90  deg.,  //  de- 
creases as  v.,  increases.  The  larger  the  angle  a,  is  made 
ihe  more  rapidl.y  will  //  decrease.  The  losses,  /;',  sub- 
tracted from  //  give  the  net  head  developed,  h.  The  hy- 
draulic efficiency  is  equal  to  /(///.  The  gross  efficiency 
?quals  the  hydraulic  efficiency  times  the  mechanical  effi- 
ciency, or  it  is  usually  the  relation:  water  horsepower 
divided  by  brake  horse])()wer. 

Actual  Hkad  DnitNG  Deliveky 

Actual  tests  show  that  this  theory,  while  giving  the 
general  nature  of  the  characteristics,  does  not  give  abso- 


D  i  sc  ha  rge 
ici.  8.  Ideal  I'hakacteristics  of  Tdrbixe  Pijii' 


lute  values  correctly.  Thus  a  test  would  show  that  the 
actual  head  developed  l)y  the  pump  was  less  than  is  shown 
by  Fig.  8.  But  it  would  also  be  found  that  the  efficiency 
would  not  be  correspondingly  reduced.  Since  E  =  h/e, 
it  is  seen  that  actually  //  must  be  a  curve  of  the  gen- 
eral form  shown  in  Fig.  9.  Several  reasons  account  for 
this  discrepancy.  The  theory  idealizes  the  conditions  by 
assuming  that  all  particles  of  water  leave  the  wheel  with 
a  velocity,  v^,  directed  at  angle  a„.  Actually,  the  velocity 
of  different  particles  will  vary  considerably  from  this  av- 
erage, and  there  is  no  assurance,  moreover,  th.at  the  aver- 
age direction  of  all  of  them  will  be  the  same  as  the  vane 
Jingle,  a«.  Also,  it  has  been  assumed  that  the  water 
flows  through  the  entire  impeller  passage,  but  there  is 
strong  evidence  to  show  that  there  is  a  "dead  water" 
space  on  the  rear  of  each   vane.      Some   designers  also 


maintain  that,  at  normal  discharge,  the  effective  value  of 
r„  is  not  the  value  of  the  impeller  radius  but  only  the  dis- 
tance to  the  center  of  the  impeller  passage  section  taken 
normal  to  the  vane  at  point  of  exit. 

The  more  vanes  the  impeller  has,  the  more  perfectly 
is  the  water  guided  and  the  more  nearly  do  the  actual 
characteristics  approach  the  ideal.  It  is  necessary  to  use 
sufficient  vanes  to  guide  the  water  fairly  well,  but  it  i- 
undesirable  to  use  too  many  because  of  excessive  hydraulir 
friction.  Within  reasonable  limit.s,  however,  the  efficienc  y 
is  but  little  affected.  If  the  real  H  is  lowered  by  fewn- 
vanes,  /(  is  lowered  at  about  the  same  rate,  and  the  ratio 
is  about  the  same. 

By  different  values  of  a^  and  different  numbers  of  vanes 
it  is  possible  to  produce  a  pump  with  .steep,  flat  or  rising 
characteristics.  A  steep  characteristic  is  one  where  the 
pressure  falls  off  rapidly  as  the  discharge  increases  above 
zero.  With  a  rising  characteristic  the  pressure  increases 
slightly  for  small  values  of  discharge.  A  flat  character- 
istic is  intermediate  between  the  two. 

The  value  of  the  head  developed-  by  a  pump  when  op- 
erating at  its  best  efficiency  depends  quite  largely  uiion 
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Fic;.  y.  Actual  Head  duiuxg  Delivery 

the  design  o.  the  pump.     Very  roughly,  the  most  effi- 
cient head  during  delivery  may  be  taken  as, 


h 


(».(■)  to  (1.8  — ^' 


Thus  the  best  lift  of  a  given  pump  will  vary  as  the 
square  of  the  pump  speed.  Also  the  best  value  of  the 
discharge,  which  is,  of  course,  obtained  with  this  best 
lift,  will  vary  directly  as  the  pump  speed.  Thus  the 
horsepower  will  vary  as  the  cube  of  the  speed. 

In  Fig.  10  is  shown  a  series  of  curves  for  different 
speeds.  If  it  is  desired  to  see  what  the  discharge  will  be 
for  different  speeds  at  a  constant  head  it  is  merely  neces- 
sary to  follow  along  a  horizontal  line  for  the  given  head. 
For  a  constant  discharge  follow  the  vertical  line,  and  for 
maximum  efficiency  follow  the  curved  line. 

General  Observations 

The  difference  between  water  horsepower  output  and 
water  horsepower  input  equals  the  hydraulic  losses.  As 
the  .speed  is  increased  these  losses  will  increase,  but,  as 
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I  the  watei-  horsepower  increases  at  the  same  rate,  it  is 
i  probable  that  the  maximum  hydraulic  efficiency  will  be 
'nearly  constant.  The  dirt'ereuce  between  water  horsepower 
input  and  brake  horsepower  equals  the  drag  of  the  im- 
peller (disk  friction)  and  the  friction  of  the  bearings.  For 
very  low  speeds  these  losses  do  not  increase  as  fast  as 
;the  water  horsepower  with  an  increase  in  speed;  hence 
the  ma.ximum  gross  efficiency  will  be  greater  as  the  speed 
and  consequently  the  head  increases.  But  when  the 
higher  speeds  are  reached  the  disk  friction  begins  to  in- 
crease faster  than  the  water  horsepower  and  the  maxi- 
mum gross  efficiency  begins  to  decline.  Thus  the  head 
that  may  be  efficiently  developed  by  a  single  impeller  is 
limited. 

The  siK'ed  and  head  are  thus  seen  to  exert  some  small 
inflnence  upon  the  efficiency  of  a  single  pump.    Assume, 


poJt,  Discharge  in  Cu.  F+.  per  Sec. 

Fic.  10.  Discharge  fok  Dikff.hknt  Speeds 

however,  a  series  of  pumps  of  the  same  diameter  of  im- 
peller and  running  at  the  same  speed.  They  will  all 
develop  the  same  head,  provided  the  vane  angles  are  the 
same.  But  suppose  that  they  are  made  with  the  impellers 
of  different  widths ;  the  discharge  areas  will  then  be  pro- 
portional to  the  widths  and  the  quantity  of  discharge  will 
vary  in  the  same  ratio.  The  friction  of  water  in  flowing 
through  a  large  passage  is  less  than  that  of  a  smaller 
quantity  of  water  flowing  with  the  same  velocity  in  a 

RELATION  BETWEEN  CAPACITY  AND  EFFICIENCY 


Capacity,  Kallnns 

Gr 

osH  Efficiency 

per  nuiiute 

per  cent. 

75 

55 

200 

65 

(100 

70 

5,000 

75 

10,000 

80 

smaller  passage.  Therefore,  the  hydraulic  efficiency  of 
the  pump  with  a  larger  capacity  would  be  somewhat 
greater  than  that  of  a  smaller  capacity.  But  the  water 
horsepower  of  this  series  of  pumps  varies  directly  as  the 
discharge  while  the  disk  friction  and  bearing  friction 
would  be  practically  constant  for  all.  The  result  of  these 
two  causes  is  to  make  the  efficiency  largely  a  function  of 
the  capacity.  A  general  idea  of  the  relation  between  ca- 
pacity and  efficiency  is  shown  by  the  accompanying 
table! 


Test  of  a  Two-Stage  Turbine  Pump 

By  a.   a.   POTTEI!   AND   \V.    \\ .   C'aklsox 

The  following  test  may  prove  of  value  to  those  inter- 
ested in  pumping  water  for  irrigation  or  other  purposes 
by  means  of  turbine  pumps  and  oil  engines. 

The  irrigation  plant  in  question  was  located  in  west- 
ern Kansas  at  an  elevation  of  about  3850  ft.  Water  was 
found  at  a  depth  of  65  ft.,  but  in  order  to  eliminate  some 
of  the  difficulties  encountered,  the  pump  was  set  at  a 
depth  of  123  ft.,  as  shown  in  the  sketch.  Power  was  sup- 
plied by  a  16x34,  single-cylinder,  four-s,troke-cyele  oil  en- 
gine using  43-deg.  Baume  oil.  The  pump  was  run  at 
nearly  800  r.p.in.  during  the  test,  and  the  water  was 
measured  by  means  of  a  trapezoidal  weir,  all  measure- 
ments being  checked  with  a  pitot  tube. 

The  data  of  the  test  are  given  in  the  table  and  it  is 
evident  that  for  every  gallon  of  fuel  used,  5400  gal.  of 
water  was  pumped.  Figuring  the  cost  of  oil  at  3c.  pei- 
gal.  gives  1800  gal.  for  Ic,  and,  as  shown,  617.5  gal. 
of  water  was  pumped  per  minute,  at  an  expense  of  about 
JjC.  An  acre-foot  would  be  pumped  in  701/^  min.  at  a  cost 
of  341/^c.  At  this  rate  about  10  acre-feet  could  be  pumped 
in  13  hr.  These  figures  are  for  fuel  oil  alone,  and  do  not 
include  any  of  the  other  charges. 

TEST  DATA  and  RESULTS 

Duration  of  test,  minutes 60 

Speed  of  engine,  r.p.m 184 

Speed  of  pump,  r.p,m 798 

Mean  effective  pressure  of  engine 60.0 

Indicated  horsepower  of  engine 67. 6 

Pump  suction  head,  actual  inches  of  mercury 6.416 

Barometer 27.01 

Pump  auction  head  reduced  to  30-in.  barometer,  feet 8,12 

Pump  discharge  head,  feet 127. (t6 

Total  head,  feet 135 . 1 8 

Head  on  weir,  inches 4.1 

Water  pumped  per  minute,  gallons , 617  5 

Fuel  used  per  hour,  pounds 46 . 5 

Fuel  used  per  minute,  gallons O.lHl 

Water  pumped  per  gallon  of  fuel,  gallons 5,400 

Work  aone  by  pump  per  minute,  foot  pounds 695,000 

Pump  horsepower 21.10 

♦Engine  horsepower 52 .  90 

Mechanical  efficiency  of  pump  per  cent 39 .  90 

Heat  value  of  fuel  per  pound,  B.t.u..  high 17,240 

Heat  value  of  fuel  per  pound,  B.t.u.,  low 16,322 

Heat  value  of  fuel  per  gallon,  B.t.u il7,100 

Duty  of  pump  per  1,000,000  B.t.u.,  loot-pounds 51.900,000 

*This  is  based  on  a  mechanical  efficiency  of  the  engine  i.[  85'^    and  belt 
losses  of  8%. 

The  duty  of  the  pump  was  obtained  by  multiplying  the 
foot-pounds  of  work  done  per  minute  by  1.000,000  and 
dividing  the  product  by  the  B.t.u.  in  the  fuel  used  per 
minute,  or 

„    ^         005,000  X  1,000,000       ,,  ,^, ,   ,    ,    ^.,    ,, 
"""'^^  =     0.n41  X  117,100     =  51,000,000  ./^-?/.. 


The  Pacific  Gas  &  Electric  Co.,  Calif.,  has  applied  to  the 
Railroad  Commission  for  a  certificate  of  public  convenience 
and  necessity  for  the  construction  of  three  additional  power 
plants  on  the  extension  of  Bear  River,  Placer  County,  and 
the  construction  of  a  transmission  line  from  the  Bear  River 
development  to  Nicolaus,  in  the  Sacramento  Valley.  The 
applicant  stated  that  the  construction  would  provide  for 
35,000  hp.  at  a  cost  of  $2,396,000.  A  supplemental  decision 
was  rendered  by  the  Commission  on  May  14  providing  that 
the  Northern  California  Power  Co.  should  make  returns  to 
its  patrons  of  all  money  previously  collected  in  excess  of 
the  established  rates. 


In  the  movement  for  better  efficiency,  many  men  and  firms 
are  placing  themselves  before  the  public  as  specialists  in  effi- 
ciency, and  those  who  wish  to  take  up  engineering  work, 
are  in  doubt  as  to  who  may  or  may  not  be  satisfactory.  Ak 
an  aid  to  those  seeking  work  in  efflcienc.v  organization,  and 
those  who  desire  to  employ  men  for  such  work,  the  secre- 
tary's office  of  the  Efficiency  Society,  29  West  Thirty-ninth 
St..  New  York,  has  become  a  clearing  house  where  advice 
may  be  secured  which  will  be  impartial  and  authoritative. 
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Lawrence  Improved  Stuffing-Box 

'J'liis  stuHing-box  is  designed  to  slip  on  over  the  piston 
icid  or  valve  stem  aaul  screw  into  place.  It  is  then  packed 
with  iiny  suitable  packing.    The  gland  is  held  against  the 
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Stuffing-Box 

packing  i)_v  a  i'oliuwcr  v.hich  sc'rews  up  un  the  external 
threaded  })ortiou  of  the  base.  The  gland  of  the  stuffing- 
box,  which  is  manufactured  by  the  Lawrence  Manufac- 
turing Co.,  Key  West,  Fla.,  is  thus  forced  against  the 
packing  without  being  turned. 

A  locking  device,  consisting  of  a  lug  which  extends 
through  an  opening  in  the  follower,  fits  in  one  of  the 
grooves  in  the  base.  This  locks  the  follower  and  prevents 
it  from  working  loose.  The  locking  lug  is  held  in  place 
bv  cither  a  spring  or  screw. 

Haulage-Engine  Repairs 

Hy   T.    1).   P.\1(FITT 

Some  time  ago  a  serious  accident  occurred  to  a  main 
haulage  engine  used  on  an  endless-rope  haulage  system. 
One  of  the  foundation  bolts  that  held  down  the  base  plate 
under  the  pedestal  of  the  main  drum  broke  off  close  un- 
der the  nut,  permitting  that  end  of  the  bearing  to  lift.  At 
the  same  time  one  of  the  arms  of  the  main  drum  cracked 
close  to  the  rim. 


worked  in  the  foundation,  cutiiiig  a  rouiid  hole  in  the  bii-c 
plate,  until  nearly  half  of  a  nut  hold  was  had  ou  tin' 
foundation  bolt,  then  a  clamp  was  placed  over  the  engim- 
foundation  bolt,  to  which  two  turnbuckles  were  attached. 
The  other  end  of  each  eye-bolt  was  made  with  a  large  eye 
on  one  end  through  which  a  8-in.  rod  wa.s  run  and  placed 
behind  the  bolts,  holding  the  pedestal  to  the  base  plate. 
This  will  finish  the  day's  work  without  loss  of  tonnage. 
We  then  went  to  work  and  drilled  two  3-in.  holes  in 
the  concrete  foundation  about  3  ft.  deep.  A  bolt  made 
with  gr(K>ves  cut  around  it  was  inserted  in  each  hole, 
which  were  then  filled  in  with  babbitt  metal.  Then  two 
clamps  were  made  and  placed,  as  shown  in  Fig.  2,  reach- 
ing from  the  base  of  the  engine  to  the  ba.se  plate  of  the 
drum  pedestal.  They  were  then  drawn  tight.  The  engine 
lias  been  in  constant  use  for  nearly  a  year  since  the  repair 
and  has  not  given  any  trouble,  and  at  present  it  looks  as 
lliough  it  Avoiild   run   indcfinitclv. 


New  Method  of  Boiler  Cleaning 

A  new  method  of  boiler-scale  removal  has  been  recently 
invented  and  placed  upon  the  market  in  England  by 
.\dolph  Schror,  says  Coal  Age.  This  method  is  radically 
different  from  those  common  in  this  country,  which  are 
strictly  mechanical   in   their  action. 

The  principle  of  the  new  apparatus  is  simple.  It  con- 
sists in  the  employment  of  an  oxyacetylene  flame  of  high 
temperature,  but  of  moderate  pressure,  which  is  rapidly 
played  upon  the  scale.  The  effect  is  to  disintegrate  and 
break  down  the  deposits,  and,  notwithstanding  the  high 
temperature  of  the  flame,  the  makers  claim  that  there  is 
no  cause  for  anxiety  on  the  score  of  nndue  heating  of  the 
boiler  tubes,  and  that  the  apparatiis  may  be  used  to  re- 
move the  thinnest  scale. 

Contracts  under  this  system  are  undertaken  on  the  ''no 
cure,  no  pay"  principle.  l>y  the  I'yro  l-Soilcr  Cleaning  Co., 


Tkmpor.^hy    iii:p.\iR 


A  strong  chain  and  turidjuckle  were  rigged,  as  shown 
in  Fig.  1,  a  small  nick  was  cut  in  the  arms  of  the  drum 
to  hold  it  in  place  and  then  the  turnbuckle  tightened.  A 
hole  was  also  drilled  in  the  crack  and  tapped  for  a  %"'"• 
bolt,  which  was  screwed  in  place  to  prevent  the  crack  from 
extending  through  the  arm. 

While    one   gang   was   working    ou    this   job,    another 


Fig. 
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of  London,  and  it  is  understood  that  thus  far  the  result< 
obtained  have  been  entirely  satisfactory. 


Half  a  million  dollars  is  to  be  spent  for  a  power  plant  pro- 
ject to  supply  electric  light  and  power  to  Las  Vegas.  Nev., 
and  adjoining  valleys.  The  water  for  developing  the  power 
is  to  come  from  the  Charlestown  mountain  range  above 
Indian   Springs,   its  source  being  11   small  springs. 
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Development  in  V-Notch  Recording  Meter 


By  Joseph  Eshi:i!1i'K 


^SYNOPSIS — The  advantages  of  this  form  of  V-notch. 
ttipe  of  iheler  are  brought  out,  which  consists  of  the  tong 
storage  chamtier,  new  ii/pe  of  ctock-driven  integrator,  and 
simple  nietliod  fur  testing  irlien  tlie  meter  it:  in  operation. 

Tliere  are  vai'iou.s  methods  for  measuring  water  and 
other  liquids,  sueli  as  by  the  pitot  tube,  veiituri  meter 
and  the  V-noteh  weir,  all  of  which  have  found  favor  with 
tile  users.  The  advantages  claimed  for  the  latter  method 
are  increased  accuracy  at  high  and  low  rates  of  flow, 
depending  as  it  does  upon  the  law  of  gravity,  water  fall- 
ing over  a   !)(1-dee:.   V-notrh,   ihc   amount  of  which   is  a 


Fiii.  1.  ExTHA  Stokaok  Typk  of  MiiTici: 

kiuiuii  quantity  (Tliompsou's  formula).  Further,  its 
accuracy  is  unaffected  by  temperature  or  velocity  changes, 
and  the  flow  may  be  checked  at  any  time. 

IXCRKASKD    StOHAGH    SpACK   AJiOVK   AND    lilvLOW    WeIK 

Chambei: 

The  \'-notch  weir  type  of  meter  is  indejiendent  of  tem- 
perature and  velocity  changes,  because  the  design  per- 
mit.s  of  a  storage  space  where  water  or  liquid  being  meas- 
ured can  accumulate  before  passing  over  the  weir.  Al- 
Ihcjugh  the  flow  into  the  tank  of  the  recorder  may  fliu-tu- 
ate,  its  irregularities  are  absorbed  by  this  stored  volume, 
lesulting  in  a  perfectly  steady  flow  over  the  weir. 

In  the  accompanying  drawing.  Fig.  1  illustrates  a  new 
patented  extra  storage  t3'pe  V-notch  recording  meter.  The 
advantage  of  this  type  of  tank  is  found  in  the  long  still- 
water  chamber  above  the  weir,  and  an  even  longer  storage 
chamber  below  the  weir.  It  is  found  in  practice  that  the 
longer  these  surfaces  can  be  made,  the  steadier  the  chart 
record,  and  hence  the  more  accurately  will  the  meter  re- 
cord fluctuating  rates  of  flow. 

The  lower  storage  surface  below  the  weir  controls  the 
opening  and  closing  of  the  inlet  valve,  and  the  advantage 
of  increased  storage  at  this  point  is,  that  the  larger  this 
surface,  the  smaller  will  be  the  vertical  change  for  a  given 
change  of  volume  flowing  over  the  weir,  affording  a 
smoother  chart  and  one  more  easily  planimetered. 

Tests  of  this  type  of  meter  operating  the  inli't  valve 
from  the  short  water  surface  below  the  weir,  nnd  tbeii 
v.ith  the  same  load  conditions  lowering  the  surface  until 


it  extends  the  length  of  the  tank,  as  shown,  result  in 
widely  different  curves.  The  curve  recorded  when  the 
control  valve  is  operating  on  the  long  .'torage  surface  is 
very  much  smoother  than  when  the  valve  is  operating  on 
the  short  storage  surface. 

Another  advantage  of  this  new  design  is  fnund  in  the 
ease  with  which  the  shape  of  the  tank  lends  itself  to 
peculiar  installations.  Some  cases  require  a  very  much 
larger  storage  space  than  others.  In  these  cases  it  is  ea.«y 
to  increase  the  depth  of  this  storage  space,  by  making 
the  tank  deeper  the  desired  amount,  at  the  same  time 
keeping  the  same  length  of  tank.  This  design  seems  to 
give  maximum  storage  space  fur  minimum  floor  space. 

For  plants  where  the  head  room  is  limited  there  is  a 
low-head  type  of  recorder.  Fig.  3.  The  tank  is  longer 
than  in  the  new  type,  but  the  distance  from  the  zero 
liiu'  to  the  storage-water  level  below  the  weir  is  less. 

New  Type  Clock:- Dkivicx    Ixti^guatot) 

In  the  ]jast  the  \'-n(ilih  [\\iv  (jT  recorder  has  been 
equipped  with  a  clock  mechanism  for  driving  the  recorder 
chart,  and  a  constant-speed  motor  for  driving  an  in- 
tegrator. Under  extreme  conditions  where  the  instru- 
ment was  subjected  to  severe  heat,  the  clock  mechanism 
has  maintained  perfect  accuracy,  but  the  motor  has  not 
proved  quite  so  satisfactory.  The  heat  sometimes  so  af- 
fects the  lubrication  of  the  motor  that  frequent  oiling  is 
required. 

Although  tliis  was  not  so  much  a  mechanical  ililHcultv 
as  lack  of  attention  I'l'om  Ihc  (ipei'ator.  it  has,  neverlhe- 
less,  seemed  wi.se  to  avoid  it. 

Guided  evidently  by  the  success  of  the  idock  mechanism 
driving  the  chart  drum,  the  manufacturer  has  developed 


Fi(i.  2.  Li)\v-llt:\ii  Ti  I'li  of  ^MtrrEH 

the  clock-driven  type  of  integrator  shown  in  Kig.  '.i.  It 
consists  of  a  clock-driven  aluminum  disk  which  revolves 
about  four  times  an  hour.  Across  the  radius  of  this 
disk  a  friction  wheel  moves,  which  is  attached  to  and 
drives  a  counter  mechanism,  and  as  this  wheel  luoxcs 
farther  and  farther  from  the  center  (if  the  aluminum 
]ilate  the  counter  adds  up  more  and  incii'c.  The  c(uinter 
itself  is  supported  on  a  frame  attached  to  the  boi-izontal 
slider  bar,  which  in  turn  is  moved  Intei-allv  by  the  pointer 
arm,  which  engages  the  cam  surface.  The  pen  arm  is 
also  attached  to  this  same  slider  arm.  This  arrangement 
makes  it  ])nssible  for  the  operator  to  obtain  a  reading  ou 
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MiiTiioD  i.'oii  Testing  AYi-iile  in  Opeb.vtion 

.V  (lisiulvantage  to  all  types  of  recorders  and  meters  has 
been  the  impossibilit-y  of  testing  them  without  trouble 
iiiiil  expense.  The  most  positive  method  has  been  the 
election  of  ail  ehiborale  outfit  of  tanks  on  scales  for  test- 
ing,' by  weight. 

In  Fig.  4  is  illustrated  what  is  known  as  the  "hook 
gage"  by  which  the  V-noteh  type  of  meter  seems  to  lend 
itself  to  a  test  of  great  simplicity,  as  it  can  be  tested  at 
the  normal  rate  of  flow,  whether  fluctuating  or  not,  and 
at  the  highest  rate,  corresiionding  with  the  peak  load  of 
the  plant. 

The  "hook  gage"  is  illustrated  at  the  right  of  the  tank. 
It  consists  of  a  glass  water  gage  containing  a  hooked 
vertical  rod  inside.  It  has  been  attached  to  the  V-notcb 
tank  in  the  middle  weir  section,  and  the  hook  is  set  on 
the  water  line,  which  is  the  height  of  the  water  falling 
over  the  V-noteh. 

The  hook  is  adjustable  up  and  down,  and  has  a  scale 
with  a  vernier  attached,  so  that  the  height  can  be  read 
to  hundredths  of  an  inch. 


Fici.  3.  Clock-Driven  Type  of  Integrator 

In  testing  a  V-notch  meter  this  hook  gage  is  used  in 
taking  readings  every  three  minutes  for  two  or  three 
hours,  and  these  values  of  the  head  of  water  flowing  over 
the  V-notch  are  substituted  in  Thompson's  formula  for 
the  flow,  and  a  value  obtained  of  the  quantity  which  has 
passed  over  the  V-notch  in  this  time.  This  quantity  is 
now  compared  with  the  quantity  which  the  recorder 
shows  by  planimetering  the  chart  in  the  same  time. 

For  users  who  prefer  not  to  purchase  a  gage  for  test- 
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Fi(i.   4.   Meter  axu   Hook   (Iahi; 

Proliably   the   largest  application   of   water-metering  ap- 
pliances has  been  in  steam  plants  for  the  measuring  of 
boiler  feed,  although  its  possibilities  are  almost  unlimitcil, 
and  hundreds  are  in  use  for  a  wide  variety  of  other  pur-  . 
poses. 

Chimney  Damaged    by  Lightning 

By  a.  D.  Williams 

The  5xl35-ft.  beautiful  tapestry-brick  chimney  serving 
the  heating  plant  of  the  two  factory  buildings  of  M.  T. 
Silver  &  Co.,  and  the  Sunshine  t'loak  &  Suit  Co.,  Cleve- 
land, Ohio,  was  struck  by  lightning  during  a  heavy  thun- 
der storm  that  passed  over  the  city  on  the  night  of  June 
19.  The  storm  came  from  the  northwest  and  the  light- 
ning struck  the  north  side  of  the  chimney  just  below 
the  brick  astragal,  cutting  a  gash  about  3  ft.  wide  at  the 
widest  point  and  opening  a  crack  in  the  shaft  that  ex- 
tends from  the  second  course  of  brick  in  the  astragal 
down  to  a  point  just  below  where  the  men  are  standing, 
a  distance  of  about  60  ft.  '  The  major  portion  of  the 
wreckage  fell  through  the  roof  of  the  Silver  &  Co.  factory 
within  a  few  feet  of  the  stack,  but  some  pieces  of  brick- 
work were  thrown  from  20  to  30  ft.,  breaking  .skylights, 
while  a  small  part  was  thrown  out  into  the  street  in  front 
of  the  building,  a  distance  of  about  70  ft.  A  loose  piece 
of  brickwork  hangs  in  the  gash  just  above  the  small  hole 
in  the  shaft.     A  scaffold  was  erected  around  tl:e  cliimney 
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so  that  tlu'  upper  60  ft.  can  hv  Umi  down.  The  (laina,i;i' 
is  estimated  at  $5000. 

One  of  the  interesting  features  of  this  wreck  is  that  the 
radial  brick  of  which  the  chimney  is  built  were  cut 
through  and  the  mortar  seams  were  not  followed.  In 
some  places  brick  were  cut  within  an  inch  of  the  end  and 
still  adhered  tightly  to  the  mortar.  The  mortar  dowel 
was  shown  at  nearly  every  horizontal  seam.  Pieces  com- 
prising parts  of  several  brick  with  the  mortar  between 
them  held  together  after  their  tumble.  The  chimney 
was  built  by  the  Alphons  Custodis  ("liimney  Construc- 
tion Co. 

[This  accident  serves  lo  shnw  what  a  radial,  tongue- 


IIow    LuiiiTxixG   (jAsiieu  the   Chimxey 

and  grooved-brick  chimney  will  withstand  without 
crumbling.  Had  the  chimney  been  of  ordinary  solid 
brick  it  would  undoubtedly  have  fallen  when  it  was  hit. — 
EniToi;.] 


It  is  estimated  that  investment  in  the  central-station  in- 
dustry is  capitalized  today  at  about  $2,500,000,000,  and  that 
the  earnings  are  apparently  around  $350,000,000.  Quoting 
from  the  report  of  the  Committee  on  Progress  before  the  1912 
convention  of  the  National  Electric  Light  Association,  "There 
can  be  no  great  exactness  to  these  estimates,  as  the  general 
census  of  the  central  stations  will  not  be  taken  until  next 
year,  and  the  last  United  States  report  is  that  of  1907."  It  is 
apparently  estimated  by  those  who  ought  to  know  that  the 
central  station  income  is  somewhere  around  $400,000,000.  The 
"Electrical  World"  gave  the  following  data  on  the  electrical 
industry: 

Value   of  electrical   apparatus   made $350,000,000 

Electric    railway    earnings 635,000,000 

Central-station   earnings    450,000.(100 

T'  I'  rihone    earnings     350,000,000 

T    1.  uraph    earnings     85,000,000 

l-"l:.t.-d-plant  service    125,000.000 

in-    .Haneous    electric    service 125,000,000 

Jlaliing  a  grand    total  of  approximately   $2.120. 000. 000. 


Chain-Grate  Stoker  Which  Returns 
Its  Ashes 

At  the  new  power  station  of  the  combined  municipal 
system  of  Burslem,  Teuton,  Hanley,  Longton,  Stoke  and 
Tunstall,  in  the  Staffordshire  pottery  area  of  England, 
water-tube  boilers  have  been  equipped  with  a  chain  grate 
of  new  type,  recently  developed.  This  is  shown  in  sec- 
tional elevation  in  the  accompanying  figure  from  Lon- 
don EJectririan,  Apr.  11.  1913.  The  device  consists  es- 
sentially of  an  endless  chain  of  L-shape  gi-ate  bars 
mounted  (inverted)  on  chains,  the  links  of  which  run 
over  sprocket  wheels  driven  from  a  countershaft.  The 
tops  of  tlie  grate  bars  are  perforated  and  slotted  for  the 
jiassage  of  air  through  the  fuel.  This  air  supply  enters 
fi'om  two  rectangular  conduits,  one  at  each  side  of  the 
stoker  near  the  front  end,  opening  into  side-wall  recesses 
of  graduated  height.  This  allows  automatic  variation  of 
the  quantity  of  air  to  the  different  parts  of  the  tire;  the 


A  Chain-Grate  Stokek  and  Ash  Conveyor 

back  receiving  the  smallest  quantity  where  the  fire  is 
ihinnest.  Conduits  also  supply  air  to  the  front  and  back 
of  tlio  furnace  through  suitable  control  dampers.  For 
the  three  boilers  in  this  plant  (each  with  a  steaming  ca- 
]>acity.of  18,900  lb.  per  hr.)  two  fans  are  employed,  each 
delivering  118  cu.ft.  of  air  per  minute. 

As  shown  in  the  accompanying  figure,  the  shape  of  the 
bars  is  such  that  when  the  chain  passes  over  the  rear 
sprocket  the  ashes  left  on  top  of  one  bar  drop  to  the  inside 
angle  of  the  next  forward  bar,  to  be  carried  along  and 
dumped  out  of  that  place  when  the  bars  are  again  sepa- 
rated at  the  front  sprocket.  Tn  this  way  continuous  re- 
moval of  ashes  is  secured.  These  grates  were  made  liy 
the  I'nderfeed  Stoker  Co.,  Coventry  House,  Scmih  Phiee, 
Eondoii.  E.  C,  England. 


A  large  hoist  has  been  erected  in  the  shop  of  the  Nord- 
bcrg  Manufacturing  Co.  and  will  soon  be  shipped  to  the  In- 
verness Ry.  &  Coal  Co.,  of  Inverness,  Cape  Breton  Island. 
This  hoist,  which  is  claimed  to  be  the  largest  of  its  kind  in 
the  world,  has  two  34x34x72-in.  cylinders  and  two  10-ft. 
drums,  clutched  to  the  shaft.  Each  drum,  according  to  the 
"Engineering  and  Mining  Journal,"  is  capable  of  handling 
10,000  ft.  of  IJ^-in.  rope.  The  load  consists  of  12  cars  weigh- 
ing altogether  40,680  lb.  loaded.  The  rope  weighs  35,500  lb. 
The  hoist  will  be  used  in  an  Inclined  shaft  dipping  16  deg. 
at  the  surface  and  35  deg.  at  the  bottom.  The  present  depth 
is  about  6000  ft.  The  starting  stress  on  the  rope  will  prob- 
ably be  Ml)nut   41,000   lb. 
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Installation  and  (^are  of  Storage 
Batteries — I 

I'.i    11.  M.   .Xii'Hoi..-; 

Xearly  every  eU'ctric-geiieratiiig  plant,  from  the  modest 
iii.stallation  used  for  lighting  summer  residences  to  the 
large  central  stations,  has  its  equipment  of  storage  bat- 
teries. Sometimes  the  batteries  are  intended  to  help  carry 
the  peak  load ;  sometimes  their  function  is  to  furnish 
pciwer  during  certain  periods  of  the  day  when  the  de- 
mand for  current  is  light:  or  they  may  be  the  chief  de- 
liendence  for  current  as  in  the  case  of  private  lighting 
plants,  where  the  dynaiud  is  i-un  a  few  hours  each  day  to 
charge  the  battery,  which  is  then  called  upon  to  furnish 
all  the  current  used  during  the  evening.  But  no  matter 
under  which  one  of  these  heads  the  battery  falls,  it  is 
frequen-tly  placed  in  some  dark  inaccessible  and  ill-venti- 
lated corner,  and  the  care  it  receives  is  of  the  most  per- 
functory kind. 

It  is  not  surprising  under  these  conditions  that  the 
i)attery  soon  begins  to  give  trouble,  and  plays  out  in  a  few 
years,  entailing  a  heavy  expense  for  the  replacement  of 
plates,  etc.  On  the  other  hand,  if  the  battery  is  properly 
installed  and  is  given  the  proper  care  the  depreciation 
can  be  rendered  very  snuill. 

The  present  discussion  will  lirst  consider  the  layout 
and  installation  of  storage  Ijatteries.  then  the  oj.ieration 
and  maintenance  will  be  taken  up. 

The  battery  room  should  always  be  separated  from  the 
rest  of  the  plant  as  the  acid  fumes  are  very  destructive 
to  the  generating  machinery,  their  action  on  the  insvda- 
tion  of  generators  aJid  wiring  being  particularly  destruc- 
tive. The  fumes  also  corrode  the  switchboard  connec- 
tions, cable  sheaths  and  any  other  exposed  parts.  More- 
over, the  fumes  if  breathed  are  poisonous  and  are  likely 
to  cause  a  very  disagreeable  cough.  The  battery  room 
should  be  located  as  near  the  main  switchboard  as  pos- 
silile,  thereby  reducing  the  cost  of  the  connecting  con- 
ductors. 

The  walls  and  tloor  of  the  room  should  preferably  be 
of  brick  or  tile.  IT  wood  is  used  it  must  be  protected 
with  several  coats  of  acid-re.sisting  paint.  Also  protect 
all  exposed  metalwork  in  a  similar  manner.  The  floor 
should  pitch  toward  a  central  point,  having  a  drain  con- 
nected with  the  sewer  through  a  lead  trap. 

The  room  .should  be  well  lighted  and  ventilated  and 
the  window  panes  must  be  either  ground  glass  or  painted 
glass  in  order  to  keep  the  direct  rays  of  the  sun  from 
striking  the  batter-v.  If  the  sun's  rays  fall  directly  on 
the  battery,  it  will  cause  loss  of  charge  by  local  action, 
and  also  cause  the  electrolyte  to  evaporate  quickly. 

In  the  case  of  large  installations  where  lead-lined 
tanks  are  used  in  place  of  glass  jars,  the  sun's  rays  arc 
not  so  objectionable,  provided  they  are  not  directed  into 
the  top  of  the  tanks. 

In  large  installations  exhaust  fans  are  often  provided 
for  carrying  off  the  acid  fumes.     The  hatterv  room  should 


be  so  designed  that  the  battery  will  not  be  exposed  to 
either  extreme  heat  or  cold,  and  consequently  it  will  be 
necessarv  to  provide  some  means  for  heating  in  cole! 
weather. 

In  small  installations  where  it  is  not  ])ossible  to  lia\e 
a  .-icparate  room  for  the  battery  it  should  be  hou.sed  on 
shelves  jdaced  against  one  of  the  walls  of  the  generating 
room.  These  shelves  should  be  entirely  encased  "nli 
close-fitting  matched  boards  so  as  to  form  an  air-ti^ii 
closet.  The  front  should  be  provided  with  large  tiulii 
fitting  doors,  which  when  opened  expose  the  entire  Ikh 
tery.  The  acid  fumes  are  carried  off  to  the  ouImh- 
through  a  wooden  or  fiber  conduit.  The  entire  iniin 
surface  of  the  battery  closet  and  all  exposed  ironwnik 
should  be  given  several  coats  of  asphaltum  or  other  ai  i^t- 
proof  paint.  Iir  cold  localities  the  ventilating  duct  mn-i 
be  provided  with  a  wooden  damper  which  can  be  ki|ii 
closed  ill  cold  weather  except  when  the  battery  is  being 
charged. 

Skttixg  Up  axi)  C'oxxkctixg  thic  Cells 

The  cells  are  sometimes  supported  by  shelving  alon] 
the  walls,  or  more  often  by  benches  that  rest  on  the  flooi 
The  shelving  and  benches  should  be  shellacked  and  thei 
coated  with  paraffin  to  protect  them  from  the  unavoid 
able  acid  drip  and  spray.  Or  they  may  be  covered  witl 
asphaltum  or  other  acid-resisting  paint.  In  the  case 
large  installations  the  tanks  are  sometimes  set  direct! 
on  the  floor.  In  any  instance  the  cells  must  be  easil; 
accessible  for  inspection  and  the  replacement  of  plates 
There  should  be  sufficient  headroom  to  take  out  the  plate 
without  removing  the  cells. 

Care  must  be  taken  to  insulate  the  cells  from  th 
ground  as  a  frequent  cavase  of  trouble  is  due  to  leai 
of  the  current  over  the  surface  of  the  cells  and  the  sup 
ports  to  the  ground.  The  acid  fumes  keep  the  surface 
of  the  cells  and  supports  sufficiently  moist  to  render  then 
good  conductors.  Because  of  this  danger  from  curren 
leakage  it  is  necessary  to  set  the  cells  on  glass  or  porce 
lain  insulators.  The  best  plan  is  to  stand  each  individua 
cell  on  four  insulators  of  the  common  petticoat  type 
since  the  method  will  prevent  current  leakage  betweei 
the  individual  cells  as  well  as  lietwecn  the  cells  and  the 
ground. 

Sometimes  a  double  system  of  insulators  is  used.  In 
small  installations,  however,  where  it  is  not  desired  to  ;^  > 
to  the  expense  of  supporting  each  cell  separately  the 
lienches  on  which  the  cells  set  can  be  insulated  from  the 
ground  instead.  Lead-lined  tanks  are  usually  set  directly 
on  the  insulators  but  sometimes  glass  cells  are  set  on 
wooden  trays  that  rest  on  the  insulators.  The  trays  are 
filled  with  sand  to  equalize  the  strain  and  alisorii  the  acid 
drip. 

The  cells  are  usually  connected  in  series  and  great 
care  must  be  taken  to  join  the  positive  terminal  of  one 
to  the  negative  terminal  of  the  next,  and  so  on.  If  a 
mistake  is  made  in  connecting  a  cell  it  will  be  ruined 
when  the  charsiiiir  current  is  turned  on.     The  best  iudi- 
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;atiuii  dl'  llic  polarity  of  the  l)lat(■^^  i.<  their  (/olwr.  The 
positive  ]■  lutes  are  a  light  hrown  when  discharged  and  a 
hoeolate  I'olor  when  eharged,  while  the  negative  jjlates 
,ary  from  a  light  to  a  dark  gray. 

Before  placing  the  plates  in  tiie  cells,  carefully  examine 
ind  remove  any  foreign  substances  that  may  have  lodged 
between  them.  See  that  the  hard-rubber  insulators  are 
pro]ierly  spaced  and  that  the  positive  plates  do  not  come 
in  contact  with  the  negative  ones.  Also  inspect  the  Jars 
for  cracks  that  might  allow  the  electrolyte  to  leak  out. 
The  cells  should  be  perfectly  clean  and  tlie  plates  should 
clear  the  bottom  from  one  to  six  inches,  depending  upon 
the  capacity. 

If  the  cells  are  tilled  with  electri)lyte  before  they  are 
permanently  connected  together,  it  is  a  good  plan  to  test 
the  polarity  of  each  cell  with  a  low-reading  voltmeter  be- 
fore making  the  permanent  connections.  Or  the  polarity 
can  be  determined  by  dipping  wires  leading  from  the  two 
terminals  in  dilute  sulphuric  acid,  the  one  from  which 
the  most  Inihblcs  of  gas  arise  being  the  negative. 

In  small  cells  the  connections  are  made  by  clamping 
or  bolting  the  projecting  lugs  together.  The  connections 
should  be  scraped  bright  and  clean  and  the  bolt.s  set  u]) 
as  tightly  as  possible.  Then  ]iaint  with  asphaltnm  to 
prevent  corrosion,  and  cover  with  okonite  tape.  A  better 
method  is  to  weld  or  "burn"  the  lugs  together.  It  the 
terminals  are  to  be  burned  together  they  should  first  be 
scraped  free  from  dirt  and  oxide.  A  convenient  scraper 
can  be  made  by  fa.stening  a  triangular  piece  of  sheet  steel 
to  a  suitable  wooden  handle.  For  soldering  flux,  use  or- 
dinary tallow.  Xcver  use  acid  or  soldering  salts,  as 
joints  made  with  these  tliixes  are  likely  to  corrode  in  the 
course  of  time. 

The  method  of  weldtng  the  lugs  together  will,  of  course, 
depend  somewhat  on  their  size  and  shape.  A  convenient, 
method  on  moderate-sized  eel's  is  to  butt  the  two  connect- 
ing lugs  that  are  to  be  w;i.';>d  together.  These  lugs 
shoitld  be  chamfered  off  on  their  top  edge  so  as  to  leave 
a  ^'-shaped  channel  where  tliey  Inttt  together.  A  sheet- 
iron  trough  is  then  bent  up  having  a  cross-section  the 
same  as  that  of  the  terminals.  This  trough  is  then 
slipped  over  the  lugs  from  the  bottom  side,  is  held  in 
place  with  a  clamp  and  serves  to  keep  the  molten  lead 
in  |ilace  while  the  lugs  are  being  burned  together. 

Hydrogen  gas  gives  the  best  results,  but  if  it  is,  not  ob- 
tainable, ordimiry  illuminating  gas  may  be  used.  If 
hydrogen  gas  is  used,  make  sure  that  all  of  the  air  has 
been  expelled  from  the  generator  before  attempting  to 
light  it,  sitice  if  there  is  any  air  present  there  is  danger 
of  an  explosion.  The  hydrogen  gas  is  tested  for  the  pres- 
ence of  air  by  tilling  a  test  tube  with  water  and  invert- 
ing it  in  a  dish  of  water.  The  test  tube  is  then  filled 
with  gas  by  means  of  a  rulilier  tube  which  is  connected 
to  the  hydrogen  generator,  the  free  end  being  pushed  up 
into  the  mouth  of  the  test  tube.  As  the  gas  tills  the  tube 
it  will  force  out  the  water.  When  the  te,st  tube  has  been 
completely  filled,  remove  it  from  the  basin,  keeping  )t 
inverted  all  the  time,  as  hydrogen  is  much  lighter  tlian 
air,  and  te.st  with  a  lighted  match.  If  the  gas  is  free 
from  air  and  safe  to  use  it  will  burn  with  a  steady,  almost 
colorless  flame.  If  there  is  air  present,  however,  the  gas 
will  explode  with  a  sharp  noise  when  the  match  is  ap- 
plied. 

The  solder  slnjuld  be  pure  lead,  as  tin  is  attacked  by 
the  acid  fumes.     It  should  be  melted  off  the  sticks  aiul  al- 


lowed to  flow  into  the  \-sluiped  trough  between  the  enils 
of  the  terminals.  At  the  same  time  the  ends  of  the  lugs 
should  1)6  kept  near  the  melting  point.  Great  care  must 
l>e  taken  not  to  entirely  melt  the  ends  of  tlie  lugs. 

Another  method  of  connecting  the  terminals  is  to  wrap 
a  strip  of  lead  anuind  the  terminals  and  put  a  sheet-iron 
mold  or  trough  outside  of  this  and  then  {)our  in  melted 
leail.  The  lead  sti-i])s  must  be  sci-ai)ed  clean  to  insure  a 
good  joint. 

The  wiring  foi'  the  battery  room  should  be,  preferablv. 
lead-covered  cable.  If  this  is  not  used  there  is  danger  of 
corrosion,  and  liability  of  some  of  this  corroded  copper 
falling  into  the  cells,  which  would  be  \ery  injurious. 

Care  should  be  taken  not  to  have  any  iron  hooks,  braces 
or  other  pieces  of  metal  project  over  the  cells,  as  there 
is  great  danger  of  contamination  by  the  falling  of  cor- 
roded material  into  the  cells. 

For  convenience  in  ins])erting  \]\v  cells  a  small  port- 
able incandescent  lamp  may  be  provided.  Special  lamps 
are  obtainable  for  this  purpose  which  are  flat  so  that  they 
may  be  inserted  into  the  electrolyte  between  the  plates 
and  the  jar.  This  lamp  -liould  ha\e  sutticient  rubber-in- 
sulated flexible  cord  to  ivacli  to  all  parts  of  the  battery 
room. 

The  battery  switchboard,  wiiuli  must  be  located  out- 
side the  battery  room  usually  forms  a  panel  of  the  main 
switchboard.  It  should  be  equipped  with  a  voltmeter, 
ammeter  and  device  for  regulating  the  charging  voltage. 
In  installations  where  it  is  not  convenient  to  regulate  the 
charging  voltage  by  varying  the  dynamo  \'()ltage,  resist- 
ance boxes  are  used  for  that  ]ini'pose.  Or  in  large  in- 
stallations a  motor-generator  set  may  be  tised,  this  being 
the  most  efficient  form  of  i-egulation. 

It  is  also  essential  to  pr(i\ide  both  overload  and  reverse- 
current  circuit-breakers.  In  case  of  a  hea\y  overload  or 
short-circuit  the  battery  would  be  ii.jui-ed  if  there  were 
no  protecting  devices  present.  In  small  installations  in- 
closed fuses  may  be  siibsiituteil  for  the  oxerload  circuit- 
breaker.  The  function  of  the  ivxerse-current  circuit- 
breaker  is  to  prevent  the  battery  current  from  flowing 
back  o\er  the  charging  ciri  uit  in  ca.<e  the  generator  volt- 
age .should  fall  below  that  of  the  battery  during  the 
charging  period. 

Electrolyte 

Concentrated  suliihuric  acid  (oil  of  vitriol)  is  much 
too  .strong  for  use  in  storage  batteries  and  it  is,  there- 
fore, necessary  to  dilute  it  with  water  in  the  ratio  of 
about  live  i)arts  of  water  to  oiu>  pari  of  acid. 

('(numercial  sulphuric  acid  will  not  do  for  battery  wcr''; 
as  it  contains  nuiny  nn|in;il  ics.  s\uli  as  ii'on,  arsenic,  cop- 
]icr,  chloi'ine,  etc.  L'se  criily  chemically  pin'c  acid  (.symbol 
C.r.i.  Tile  water  iiseil  iiiiisi  lie  distilled  as  ordinary 
fixer  (U'  well  water  contains  injiii-ioiis  impurities.  Both 
water  and  acid  should  be  kept  in  tightly-stoppered  glass 
carboys,  to  prevent  the  introduction  of  impurities.  If 
the  distilled  wafer  is  stored  in  bai'i'cls  there  is  danger  of 
its  absorbing  organic  material  from  the  barrels.  Mix 
the  electrolyte  in  a  large  eai'l  bell  ware  or  glass  receptacle. 
I'oiir  the  acid  \ery  slowly  into  the  water  as  there  is  con- 
siderable beat  generated.  Xi'm-  pmir  iraler  into  the 
tttrmni  acid,  as  there  is  great  danger  of  the  operator  being 
burned  with  the  acid  which  will  lly  in  all  directions.  Al- 
irai/s  iiiiiii-  f/if  mid  iiilii   flic   iciilcc. 

The   proper   >pecilic   gravity   of   the  electrolyte   will   de- 
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]<vnd  suiiu'what  on  the  typo  of  Imttcry  aiul  ihe  purpoi?e 
for  which  it  is  to  be  \ised.  In  ordinary  stationary  in- 
5tallation.s  a  specific  gravity  of  1.200  is  used  while  in  au- 
tomobile and  portable  batteries  the  specific  gravity  goes 
as  high  as  1.300.  The  advantage  of  a  high  specific  grav- 
ity is  low  resistance,  but  there  is  great  danger  of  the 
plates  being  injured  by  suli)luiting  if  the  gravity  is  run 
too  high. 

The  nii.xture  should  bo  allowed  to  cool  to  60  deg.,  and 
then  be  brought  to  the  proper  specific  gravity  by  the  ad- 
dition of  a. small  quantity  of  acid  or  water  as  the  case 
may  require.  Always  see  that  the  electrolyte  is  cool  (60 
degrees  F.)  before  pouring  into  the  cells,  it  being  a  good 
plan  to  carefully  prepare  the  mixture  twenty-four  hours 
before  it  is  wanted. 

Tests  von  IjErriiixncs  ix  Electrolyte 

It  is  very  important  that  the  aiid  for  making  the  elec- 
trolyte be  chemically  pure  and  it  is  recommended  tliat 
each  carboy  of  acid  be  tested  for  impurities.  It  is  also 
a  good  plan  to  test  the  electrolyte  in  the  cells  once  a 
month,  as  it  may  have  been  contaminated  by  the  corrosion 
of  iron  fittings  near  the  cells. 

Copper  salts  also  find  their  way  into  the  cells  in  a  sim- 
ilar manner.  Nitric  acid  and  chlorine  may  be  present 
in  the  new  plates  in  small  quantities. 

In  ease  any  impurities  are  found  in  the  electrolyte  it 
should  be  drawn  off,  the  cells  and  plates  washed  out  with 
pure  water  and  fresh  electrolyte  added. 

Test  for  Hydrochloric  Acid  (Chlorine) — To  a  small 
quantity  of  the  diluted  electrolyte  add  a  few  drops  of 
nitric  acid  (HNO,)  and  then  add  two  or  three  drops 
of  silver  nitrate  (AgNOg).  The  formation  of  a  white 
cloudy  precipitate  indicates  the  presence  of  chlorine  in 
some  form. 

Test  for  Nitric  Acid — A  very  sensitive  test  for  nitric 
acid,  is  to  mix  a  solution  of  diphenylaniiue  (  NH(CgIl5)2) 
in  concentrated  sulphuric  acid  (H^SO^)  and  add  it  to 
the  sample  under  test,  the  presence  of  nitric  acid  will  be 
indicated  by  a  blue  color. 

Test  for  Iron — Fill  a  test  tube  with  the  diluted  elec- 
trolyte and  heat  it  to  the  boiling  point,  add  several  drops 
jf  concentrated  nitric  acid  (HNO3)  and  boil  again.  Re- 
peat this  operation  two  or  three  times.  When  the  solu- 
tion is  cold  add  a  few  drops  of  potassium-sulphocyanide 
( KCNS)  which  will  color  the  solution  a  deep  red  if  there 
is  any  iron  present. 

Test  for  Copper — To  a  diluted  solution  of  the  electro- 
lyte add  ammonium  hydrate  (NH^OH  or  common  am- 
monia) until  the  resultant  mixture  gives  an  alkaline  re- 
action. A  deep-blue  color  indicates  the  presence  of  cop- 
per. 

Test  for  Arsenic — To  a  diluted  solution  of  the  elec- 
:rolyte  add  an  equal  portion  of  hydrogen-sulphide  soiu- 
:ion  (H„S).  A  yellow  precipitate  indicates  the  presence 
)f  arsenic. 

If  the  electrolyte  has  been  previously  used  in  batteries 
here  is  likely  to  be  a  black  precipitate,  due  to  the  pres- 
■nce  of  lead,  and  often  the  commercial  acid  contains  a 
ittle  lead  which  does  no  harm.  In  making  the  fore- 
roing  tests,  it  should  be  kept  in  mind  that  the  reagents 
ised  must  necessarily  be  pure  or  the  results  obtained 
vill  be  unreliable.  Use  only  those  reagents  that  are  labeled 
■hemically  pure. 


Transformer  Frequencies 

Any  transformer  designed  for  a  given  output  and  fre- 
quency can  be  operated  on  a  higher  frequency  with  a 
slight  increase  in  efficiency.  On  a  lower  frequency  the  etli- 
ciency  is  decreased  and,  therefore,  the  output  for  a  given 
size.  Transformers  of  modern  design  usually  have  sutli- 
cient  capacity  to  be  operated  on  half  frequency  at  full-loaii 
rating  without  overheating.  This  is  effected  to  a  large 
extent  by  the  location.  If  the  transformer  is  locatcil 
where  the  surrounding  temperature  is  high  and  has  pooi 
ventilation  it  might  reach  a  dangerous  temperature,  n 
if  the  surrounding  temperature  is  normal  and  the  venti- 
lation is  good  the  transformer  may  operate  satisfactorily 
so  far  as  being  affected  by  excessive  heating. 

If  the  frequency  is  reduced  from  60  to  25  cycles  a  safe 
practice  would  be  to  work  the  transformer  at  about  90  per 
cent,  full-load  rating  for  J  kw. ;  sizes  from  4  kw.  up,  aboiu 
95  per  cent,  of  their  full-load  rating.  A  better  method 
would  be  to  run  a  heat  test  for  about  8  or  10  hr.  at  the 
reduced  load,  the  rise  in  temperature  of  the  coils  shouM 
not  exceed  104  deg.  F.  by  thermometer,  or  122  deg.  F 
by  resistance  rise. 

A  transformer  working  continuously  under  the  aboxe 
conditions  will  soon  use  enough  power  to  pay  for  nc\- 
apparatus,  due  to  the  lower  efficiency. 

Static  Charges  on  Belts 

In  the  June  10  issue,  Mr.  Chase  states  in  a  letter  that 
he  has  had  much  to  do  with  belts  in  the  past  16  year- 
but  has  never  known  a  case  where  static  electricity  couM 
not  be  cured  by  treating  with  "Cling-Surface."  It  is 
very  evident  from  this  statement  that  his  experience  with 
different  conditions  has  been  limited ;  for  I  have  seen 
several  cases  of  static  electricity  that  Cling-Surface  would 
not  touch. 

Wlien  the  static  charge  is  caused  by  slipping  of  the 
belt,  then,  oil,  Cling-Surface,  or  anything  else  that  will 
remove  the  cause,  will  also  remove  the  effect.  Under  other 
conditions,  however,  it  is  of  no  benefit,  wliatever.  For  in- 
stance, I  ran  a  high-speed  engine  and  generator  having 
two  belts,  one  running  on  top  of  the  other,  which  neces- 
sitated a  certain  amount  of  slippage;  this  and  the  belts 
flapping  together  running  at  a  very  high  speed  caused 
them  to  carry  a  heavy  static  charge  that  Cling-Surface 
would  not  cure  but  made  all  the  worse. 

In  another  case,  I  ran  a  high-speed  engine  belted  to  a 
shaft  that  passed  very  close  to  the  boiler  safety  valve. 
when  the  boilers  were  blowing,  the  belt  would  become 
heavily  charged  and  the  only  cure  for  this  case  was  to 
ground  it  or  to  stop  the  boilers  from  blowing. 

Stockett,  Mont.  E.  S.  Haet. 


The  following  communication  was  received  by  a  La  Crosse 
(Wis.)  electrical  firm  from  a  farm  customer.  The  son  of  the 
soil,  it  seems,  had  ordered  a  lamp  fitting  while  under  an  im- 
pression some'w^hat  similar  to  that  of  the  Kansas  farmer  who 
bought  a  motor  to  do  his  farm  work,  although  there  wasn't 
a  power  wire  within  25  miles.  The  Wisconsin  agriculturist 
"came  back"  as  follows:  "Dear  Sir  this  letter  is  to  acknolage 
to  you  of  the  recept  of  your  two  ball  adjusters  but  in  ad- 
dition I  will  make  you  understand  that  I  misunderstand  you. 
I  thought  that  it  was  a  lamp  by  itselph  and  not  a  aparatus 
which  is  of  no  use  to  me  as  T  have  no  curent  of  electrice  so 
you  see.  I  want  to  send  them  back  to  you  again  and  you 
send  my  money  back  to  and  nothing  more  to  say  your  trully." 
— "Electrical    World" 


July   15,   li)i:3  POWEE  9] 

|iiiiiiiiiiiiii!i«iiii:iiiiiiiii iiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinii I Ill iiini nm niiiiinii iiiiiiiiiiiiiiiiiiiiiniiiniiiiiiiii iiiiiniiiiiiiiiiiiiiiiiii iimi iiiiniiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiniiiiiiii iiiiiiii;| 

GAS     POWER     DEPARTMENT  I 


jniiiininiiiiiiiiiiiniiiiiiiiiiiiiiiii iniiiiiniiiiiiiHiiiiiiiinniiHiiiiniiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiin iiiiiiiiiiiiin i iimi iiiiiiiiiiiniii niiiiiiiin iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnu i i iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiri 


Lignite   Suction-Producer   Troubles 

By  (Ieokge  \V.  Muexcii 

The  operation  of  a  producer  is  difficult  compared  with 
the  operation  of  a  steam  plant,  because  a  producer  does 
not  allow  the  operator  to  watch  his  fire,  and,  therefore, 
he  does  not  know  what  is  going  on  inside,  except  through 
the  action  of  the  engine  and  the  appearance  of  the  gas 
flame  .at  the  try-cock.  The  anthracite  producer  is  the 
smiplest  to  handle.  The  lignite  producer  requires  more 
skillful  handling  because  of  the  poor  grade  of  fuel,  large 
amount  of  ash,  and  the  auxiliary  apparatus  which  sep- 
arates the  tar  from  the  gas. 

The  following  troubles  and  their  remedies  have  come 
within  the  experience  of  the  writer  and  may  help  op- 
erators who  are  having  their  troubles  and  who  may  not 
have  had  the  opportunity  to  study  the  producer  in  de- 
tail. 

Lignite  being  an  extremely  low-grade  fuel  is  high  in 
volatile  matter,  and  usually  high  in  ash.  These  two 
items  must  be  kept  in  mind  continuously  when  operating 
a  lignite  producer.  The  ash  may  be  as  low  as  3  or  i 
per  cent,  or  it  may  be  as  high  as  50  per  cent.  Western 
lignites  especially  adapted  to  producer  use  average  about 
12  to  18  per  cent.  ash.  However,  lignites  with  ash  as 
high  as  40  per  cent,  have  been  used  successfully.  Be- 
ing high  in  ash  this  fuel  must  be  worked  frequently  while 
the  plant  is  in  operation  to  prevent  the  ash  bed  from 
getting  too  deep. 

It  is  practically  impossible  to  tell  an  operator  how 
often  his  producer  must  be  worked,  as  it  depends  on  the 
load,  the  kind  of  fuel  and  the  type  of  producer.  Again, 
some  plants  operate  24  hr.  per  day  every  day  in  the 
month,  while  others  operate  only  8  to  10  hr.  and  give 
plenty  of  opportunity  on  Sundays  for  general  overhaul- 
ing and  repairiilg.  It  is,  of  course,  the  continuously  op- 
erated plant  that  requires  the  most  skillful  and  careful 
handling.  The  lignite  siiction  producer  operating  24  hr. 
continuously  for  some  weeks  or  months,  using  lignite  that 
does  not  clinker  badly,  need  not  be  worked  oftener  than 
once  every  5  to  8  hr.,  depending  on  the  variation  in  the 
load.  Where  possible,  it  is  well  to  work  the  producer  dur- 
ing those  periods  when  the  load  is  a  minimum.  Work- 
ing the  producer  with  full  load  must  be  done  carefully, 
as  too  much  air  will  weaken  the  gas  so  much  that  the 
engine  will  slow  down.  It  often  helps  to  slightly  advance 
the  spark  on  the  engine  while  working  the  producer,  as 
the  advanced  spark  will  take  care  of  the  weakened  gas. 
This,  of  course,  applies  to  cases  where  by  "working  the 
fire"  is  meant  slicing  across  the  grates  with  bars  through 
the  poke  holes.  Where  a  producer  is  equipped  with  shak- 
ing grates  it  may  not  be  necessary  to  work  the  fire  other- 
wise than  merely  shaking  the  grates,  and,  therefore,  no 
air  will  enter  to  weaken  the  gas. 

Handling  of  the  ash  can  ordinarily  lie  accomplished 
■without  much  trouble,  yet  the  writer  knows  of  cases 
where  the  air  entering  through  the  ash  dour  while  remov- 


ing the  ashes  would  weaken  the  gas  enougli  to  cause  the 
engine  to  slow  down.  If  such  is  the  case  the  ashes  must 
be  removed  as  rapidly  as  possible  and  a  small  amount  at 
a  time.  When  operating  only  part  of  the  day  ashes  had 
best  be  removed  after  shutting  down  in  the  evening. 

The  common  trouble  with  many  lignites  and  the  trouble 
that  causes  the  hardest  labor,  unless  prevented  in  time, 
IS  elinkering.  Lignites  vary  greatly  as  to  their  clinkcring 
qualities,  even  though  their  proximate  analyses  be  prac- 
tically the  same.  Some  require  very  little  steam  while 
others  require  considerable  to  keep  the  clinkers  soft.  It  is 
of  the  most  vital  importance  to'  give  a  producer  the  neces- 
sary amount  of  steam,  yet  it  is  of  Just  as  great  import- 
ance to  prevent  an  excess  of  steam.  An  excess  will  cause 
too  low  a  fire  temperature,  and  also  often  too  much  hy- 
drogen in  the  gas,  which  will  cause  premature  ignition 
in  the  engine.  In  case  of  decidedly  varying  loads  the 
steam  should  be  watched  unless  supplied  automati- 
cally. 

\\'hen  clinkers  form  and  fuse  to  the  firebrick  lining  of 
the  producer,  they  must  be  loosened  by  poking  from 
the  top,  and  broken  up  as  much  as  possible,  so  that  they 
will  readily  work  down  to  the  grate.  In  poking  from  the 
top  care  must  be  taken  not  to  injure  the  lining.  When 
the  clinkers  have  been  loo.sened  and  worked  down  to  the 
grate,  they  must  be  removed  by  working  through  the  poke 
holes  at  the  grates.  All  this  poking  and  drawing  clink- 
ers off  the  grate  must  be  done  very  carefully  as  a  slight 
excess  of  air  will  decidedly  affect  the  running  of  the  en- 
gine. In  case  the  producer  is  so  badly  clinkered  that  it 
will  require  several  hours  of  hard  work  to  remove  them, 
it  usually  pays,  where  possible,  to  shut  down  the, engine 
and  work  at  the  clinkers  until  removed;  then  a  few  min- 
utes blowing  of  the  fire  will  put  the  producer  in  good 
condition  for  satisfactory  operation.  Care  must  be  taken 
not  to  work  the  fire  too  much,  as  most  of  the  fire  may  be 
worked  oft'  the  grates  before  all  the  clinkers  have  been 
removed. 

One  result  of  elinkering  is  the  formation  of  holes  in 
the  fire.  These  cause  burning  of  the  gas  in  the  producer, 
due  to  excess  of  air  in  this  part  of  the  fuel  bed.  This, 
of  course,  causes  weak  gas  at  the  engine  on  account  of 
too  much  carbon  dioxide  (CO,).  Holes  may  be  formed 
by  a  caking  coal,  but  this  trouble  is  not  so  common  with 
lignites.  Both  elinkering  and  caking  can  often  be  re- 
duced to  a  minimum  by  working  the  fire  oftener.  Still 
another  cause  of  holes  is  the  use  of  coal  which  consists 
of  too  large  lumps.  When  this  is  the  case,  the  fuel  has 
a  tendency  to  hang  in  the  producer  and  not  feed  down 
as  readily  as  it  should. 

The  writer  recalls  an  instance  where  such  large  lumps, 
were  used  that  the  fuel  would  not  feed  through  the  charg- 
ing hoppers.  The  firemen  were  in  the  habit  of  filling  the 
hoppers  with  the  lid  open,  then  lower  the  bell,  and  ram 
the  lumps  into  the  producer  with  a  rod.  This  not  only 
weakened  the  gas  on  account  of  too  much  air  getting  in, 
but  in  one  instance  a  flame  sliot  out  tlii-inigh  (he  lHi|)|)er 
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wliilc  roriiiii;-  thnnitili  the  hir<re  lum])s  ;ui(l  l>;iilly  luiriicil 
the  operator. 

Tlie  l)e.st  size  when  usiiiji  lignites  is  either  mit  or  pen. 
ini.xed  nut  and  pea  gives  very  good  results,  and  is  read- 
ily handled  in  the  produeer.  Pea  alone  has  the  disad- 
^■antage  of  paeking  more  than  the  nut  coal,  and,  there- 
Fore,  puts  the  entire  system  under  a  greater  suction.  Un- 
less handled  carefully  the  ])ea  coal  will  not  give  as  eco- 
nomical results  as  nut  loal,  as  considerable  unburned 
;-oa!  will  run  through  the  grates  or  otf  the  edges  of  the 
5;rates  with  the  ash. 

Two  low  a  f'.ro  will  cause  the  grates  to  overheat.  The 
iish  bed  should  he  (l('c|i  cmnigli  to  keep  the  high-tempera- 
ture zone  away  from  the  grates.  Too  hot  a  fire  at  the 
[jrates  may  also  eau.se  elinkering  between  the  grate  bars 
iind  thus  prevent  the  free  shaking  of  the  grates  as  well 
as  prevent  the  ash  from  working  through.  The  usual 
cause  of  too  low  a  fire  is  overworking  the  fuel  bed. 

The  fire  being  too  high  causes  overheating  of  the  pro- 
ducer, which  in  turn  causes  the  elinkering,  and  burning 
of  the  gas  inside  the  producer.  The  innnediate  remedy 
is  a  thorough  working,  especially  at  the  grate,  to  remove 
enough  ashes  to  lower  the  hot  zone.  Too  high  a  fire  is 
also  often  caused  by  an  overload  on  the  producer.  If  the 
fire  continuously  gets  too  high  the  produeer  must  be 
worked  oftener  at  the  grates;  usually  if  the  fire  is  in 
good  condition,  merely  rocking  the  grates  occasionally 
will  keep  the  fire  low  enough. 

The  proper  depth  of  the  fire  varie.s  with  difiierent  plants, 
depending  on  the  length  of  the  working  day,  the  type  of 
producer,  the  load  ou  the  producer,  the  quality  of  the  coal 
and  the  method  of  working  the  producer.  A  careful  and 
wide-awake  operator  will  soon  determine  what  depth  of 
fire  gives  the  best  results  for  his  plant. 

An  occurrence  which  may  iJuzzle  the  operator,  is  the 
ash  piling  up  in  the  ashpit,  deep  enough  to  block  the 
air-in<ake  pipe  opening.  AMien  this  happens  the  air  sup- 
ply t  )  the  producer  is  shut  ofl  and  will  cause  the  engine 
to  gradually  slow  down,  and  unless  remedied  will  finally 
stop  it.  If  the  plant  is  equijiped  with  water-column  gages 
the  ti'ouble  can  immediately  be  located  at  the  producer 
itself  by  the  high  suction  shown  by  the  gage  column. 
This  is  not  a  common  occurrence,  however,  and  in  many 
types  of  ])roducers  eonld  not  happen. 

The  one  thing  which  nuiy  cause  more  worry  with  a 
lignite  producer  than  any  of  the  aforesaid  troubles  is  tar. 
At  the  engine  this  is  a  serious  matter  and  must  be  reme- 
died. The  gas  at  the  engine  slunild  not  contain  more 
than  0.0205  gr.  of  tar  ])er  cu.ft. 

The  first  place  one  would  naturally  look  for  trouble 
when  too  much  tar  get-  to  the  engine,  is  the  washing 
ap])aratus.  Tower  scrubbers  are  simple  in  operation,  but 
must  be  furnished  with  plenty  of  water.  The  operator 
must  watch  this  water  sui)ply  closely.  The  same  holds 
true,  with  rotary,  or  centrifugal,  gas  washers.  The  amount 
of  water  necessary  In  thoroughly  wash  the  gas  is  about 
2  gal.  ]>er  hj).  per  hour.  When  rotary  washers  above  arc 
used,  the  power  necessary  to  wash  the  gas  is  about  i  to  .") 
per  cent,  of  the  load  on  the  producer.  Dirty  gas  may 
be  due  to  insuffieient  power  for  cleaning.  The  gas  washer 
may  run  too  slow,  due  to  improper  pulley  sizes  or  too 
small  a  driving  motor:  the  higher  the  speed  of  the  washer 
the  more  efficient  will  be  its  operation. 

Tar  ill  excess  mav  also  be  due  to  iioor  condition  of  the 


liri'.  The  lire  should  be  hot  enough  to  change  much  of 
the  tarry  matter  into  fixed  gases  and  thus  prevent  the 
scrubbing  ap]>aratus  from  being  overworked. 

In  regard  to  producer  plants  which  do  not  give  2i-hr. 
service  but  shut  down  for  the  night  and  Sundays,  several 
])oints  of  special  note  are  worth  mentioning.  Of  course, 
the  gas  forming  escapes  through  the  purge  wdien  not  op- 
erating. A  slight  draft  should  be  maintained  through 
the  producer  and  up  through  the  purge.  If  shut  otf 
entirely  it  will  require  loo  much  time  for  blowing  the 
lire  when  gas  is  wanted  for  running.  The  amount  the 
air  valve  should  be  kept  open  can- only  be  determined  by 
trial:  if  kept  open  too  much  the  standby  loss  will  be 
too  great.  This  must  be  avoided,  as  one  of  the  strong 
arguments  in  favor  of  gas  power  is  the  small  standby  loss 
(•(unparcd  with  steam. 

If  steam  be  supplied  to  the  producer  from  some  outside 
source,  it  should  be  shut  oil  after  shutting  down  the  plant 
(or  the  night.  This  should  not  be  forgotten  as  the  steam 
will  deaden  the  fire  and  may  e.xtinguish  it  entirely. 

It  may  not  be  good  policy  for  an  operator  to  be  con- 
tinuously looking  for  trouble,  yet  the  operator  who  is  al- 
ways on  the  lookout  for  weak  gas  at  the  engine  and 
poor  fire  conditions,  is  the  one  who  will  have  the  best 
operating  plant. 

Power  from  the  Exhaust 

That  the  present-day  automobile  engine  has  reached  a 
high  state  of  perfection  is  generally  conceded ;  hence  fur- 
ther improvement  must  be  sought  outside  of  the  design 
of  the  engine  itself.  The  idea  of  utilizing  the  high  veloc- 
ity and  pressure  of  the  exhaust  gases  from  a  gasoline  en- 
gine for  producing  additional  power  has  been  worked  out 
by  Michael  M.  Sullivan,  of  Poughkeepsie,  X.  Y.  His 
scheme  consists  in  replacing  the  flywheel  with  a  turbine 
wheel  similar  in  many  respects  to  that  of  a  single-phase 
steam  turbine.     The  shape  of  the  blading  is  such,  how- 
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ever,  as  to  utilize  both  the  impulse  and  the  reaction  ef- 
fects. The  casing  surrounding  the  runner  is  bolted  to 
the  engine  frame. 

The  pipe  which  conducts  the  exhaust  gases  to  the  tur- 
bine attaches  to  the  engine  cylinders  at  a  point  near 
the  end  of  the  piston  travel,  and  the  gases  pass  through 
]iorts  in  the  cylinders  at  this  point.  Valves  .1.1.  working 
off  the  Tegular  camshaft,  are  provided  so  as  to  shut  ofT 
commiiiiication   with   this  pipe  on  the  suction   and   com- 
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(.■^ioii  stroko8.  In  (inli-r  to  nvoid  any  back  pressun? 
the  engine,  the  regular  exhau.-it  valve  and  exhaust 
iianifokl  B  are  provided,  so  that  o;i  the  upward  stroke 
he  engine  exhausts  against  the  atmosphere.  The  valves 
[A  are  timed  to  open  earlier  than  the  regular  exhaust 
alve.  A  spherical  chamber  is  provided  in  the  pipe  lead- 
Qg  from  the  engine  to  the  turbine  and  serves  in  the  ca- 
)acity  of  a  receiver. 

A  brake  test  of  a  small  four-cylinder  engine  fitted  in 
his  manner,  which  the  writer  witnessed,  indicated  that 
he  turbine  added  from  15  to  30  per  cent,  tci  the  power, 
lepending  upon  tiie  speed. 

At  present  the  arrangement  lacks  refinement,  Init  bet- 
;er  results  could  undoubtedly  be  obtained  by  employing 
'several  nozzles  through  which  the  gas  could  be  distributed 
around  the  periphery  of  the  wheel.  This  would  tend  to 
'equalize  the  thnist  and  give  a  more  uniform  turning 
nidiiient.  It  is  understood  that  the  inventor  contem- 
plates doing  this  in  his  next  machine,  which  will  comprise 
ja  much  larger  engine  and  which  no  doubt  will  give  more 
conclusive  results. 


I  CORRESPONDENCE  I 

Saving  in   Power  Cost  with  a  Gas 
Engine 

The  choice  of  motive  power  for  a  moderate-sized  drug 
anifl  spice  mill  located  in  this  city,  has  just  been  decided 
after  over  a  year's  experimentation  and  investigation.  A 
25-hp.  reciprocating  steam  engine  which  previously  ran 
the  freight  elevator,  mills,  grinders,  etc.,  became  so  ob- 
viously uneconomical  and  in  need  of  extensive  repairs 
that  the  owners  decided  to  scrap  it.  Temporarily,  a  5- 
hp.  electric  motor  was  installed  to  run  the  freight  ele- 
vator and  carry  on  the  most  essential  parts  of  the  plant. 
The  building  itself  contains  six  stories  with  shafting  and 
machinery  on  the  third,  fourth,  fifth  and  sixth  floors. 
Connection  with  the  old  steam  engine  in  the  basement 
was  obtained  through  belting  with  a  jackshaft  located 
on  the  second  floor.  The  motor  was  installed  on  the 
fourth  floor  and  the  greater  part  of  the  shafting  was  cut 
off  so  that  only  enough  remained  for  driving  the  ele- 
vator, a  tablet  machine  and  a  few  other  small  machines. 

The  motor  remained  in  operation  for  four  months, 
during  which  time  the  cost  for  electricity  was  $96.60. 
The  charge  was  based  on  a  rate  of  12c.  for  the  first  23  hr. 
use  of  the  maximum  demand  and  9c.  for  all  power  used 
in  excess  of  23  hr.  and  not  exceeding  103  hr.  use  of 
the  maximum  demand.  Further  deductions  were  in  order 
for  greater  amounts  of  jjower,  but  were  not  applicable  for 
the  small  amount  of  power  actually  used  in  this  installa- 
tion. The  average  maximum  demand  amounted  to  about 
5  kw.  during  this  time  and,  as  it  will  he  noted,  was  rather 
high  for  the  total  amount  of  energy  consumed.  The 
high  demand  charge  was  brought  about  by  the  large 
amount  of  ])ower  needed  for  starting  the  shafting  and 
in  running  the  elevator  for  short  intervals. 

It  was  finally  decided  that  a  gas  engine  would  be 
preferable  for  supplying  permanent  motive  power.  Con- 
sequently, a  20-hp.  second-hand  gas  engine  in  excellent 
condition   was   in.sfalled    on   the   second   floor  to   replace 


the  old  jackshaft  previously  driven  by  the  steam  ciigiiu'. 
The  entire  equipment  was  belted  to  the  gas  engine  and 
the  new  installation  .started  ou  Oct.  16,  1912.  By  Mar. 
27,  1913,  the  amount  of  gas  used  amounted  to  122,000(1 
cu.ft.  At  the  prevailing  rate  of  80c.  per  1000  cn.ft.,  the 
cost  f(jr  gas  was  $97.60.  The  cooling  water  used  was 
obtained  from  the  city  mains  at  a  cost  during  the  specified 
time  of  $20.  This  cost  for  water  is  not  chargeable  to  the 
engine  cost  alone,  inasmuch  as  the  hot  water  from  the 
engine-cylinder  jackets  was  used  in  carrying  on  other  op- 
erations connected  with  the  establishment.  The  average 
cost  per  month  for  gas  and  cooling  water  was  therefore 
]iot  over  $31  ))cr  month  against  $21  for  electric  power. 
The  work  done  during  this  time  with  the  gas  engine  was 
as  follows : 

At  least  double  the  tablet  work  and  press  work  were 
]iut  through;  1200  lb.  of  herbs  were  cut  in  a  macliine 
which  bad  never  been  operated  at  all  by  the  motor:  10,- 
000  lb.  of  material  was  finely  ground  and  these  grinders 
alone  took  at  times  over  12  hp.  Moreover,  the  elevator 
was  necessarily  run  considerably  nmre  during  this  time 
for  conveying  these  materials  from  floor  to  floor. 

The  rate  schedule  for  the  electric  energy  places  the 
motor  under  a  considerable  disadvantage  because  the  de- 
mand charges  constitute  such  a  large  proportion  of  the 
total  cost.  Had  the  actual  energy  used  been  considerably 
greater,  that  is,  if  there  had  been  a  steady  load  for  long 
hours  without  a  considerably  greater  increase  of  power 
required  for  starting  the  nuuliinery,  the  motor  coulil 
have  competed  with  the  gas  engine  on  a  more  com])arable 
basis.  The  owners  al.so  claim  tliat  the  gas  engine  is  less 
expensive  than  the  steam  engine.  However,  as  the  build- 
ing requires  a  boiler  installation  for  heating  purpo.ses  and 
as  the  old  steam  engine  was  in  such  poor  condition  there 
is  no  fair  basis  on  which  to  judge  the  merits  of  the  gas 
engine  and  an  uptodate  steam  engine. 

F.    I\.    LlFKIN.. 

Boston.  Jfass. 

Dust  Determinations  for  Blast-Furnace 
Gases 

As  an  interesting  addition  to  the  article  in  Power  of 
May  13,  1913,  on  taking  dust  samples  in  gases,  it  may  be 
noted  that  in  the  tests  made  in  the  South  African  mines 
by  A.  McArthur  Johnston  (Journal  of  the  Chemistry, 
Metallurgy  and  Mining  Society  of  South  xifrica,  May, 
1912),  it  was  decided  that  powdered  sugar  made  the  best 
dust  collector.  The  filter  bed  was  made  by  coarsely  crush- 
ing lump  sugar,  and  using  that  which  failed  to  pass 
through  a  90-mesh  (0.006-in.  aperture)  sieve.  The  filter- 
ing layer  was  made  about  two  inches  thick  and  was  held 
in  place  in  a  glass  tube  by  coppei  or  brass  gauze.  It 
should  be  slightly  moistened  to  aid  in  the  retention  of 
dust,  but  not  sufficiently  to  cause  caking.  This  poini, 
however,  must  be  learned  by  experience. 

To  estimate  the  dust,  after  the  air  was  aspiratcif 
tiirough  the  sugar,  the  sugar  was  dissolved  in  distilled 
water,  and  then  the  solution  filtered  tbroiigh  a  tarred  fil- 
ter, or  on  an  asbestos  mat  in  a  gooch.  The  weight  found 
after  drying  represents  the  total  dust  present.  Incinera- 
tion will  then  give  a  loss,  the  organic  mattci-. 

DoNALn  M.  IjI1)I)i:i.i,. 

Klizabcth,   X.  J. 
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Waste  Heat  from  Gas  and  Oil  Engines 
for  Heating  Buildings 

In  the  rGi)ort  of  tliu  coiiiiiiittee  on  steam  heating  pre- 
sented to  the  National  Electric  Light  Association,  E.  F. 
Tweedy  showed  that  the  heat  available  from  gas  and  oil 
engines  is  only  about  5  per  cent,  of  that  from  the  ex- 
haust of  ordinary  high-speed,  single-cylinder  engines. 

Several  facts  have  militated  against  the  more  extended 
use  of  this  waste  heat  for  building  heating.  One  diffi- 
culty has  been  the  serious  corrosion  of  the  heaters  used 
for  extracting  the  heat  in  the  exhaust  gases,  by  the  sul- 
phurous-acid gas  and  moisture  present  in  the  exhaust. 
In  certain  later  types  of  heater,  however,  cast  iron  has 
been  substituted  for  steel,  with  the  result  that  this  cor- 
rosive action  has  been  lessened. 

On  account  of  the  high  temperature  of  the  exhaust 
gases — usually  ranging  from  600  to  1000  deg.  P. — it  is 
desirable  to  place  the  exhaust  heater  or  boiler  as  near 
as   possible  to  the   exhaust   outlet   of  the  engine   to  re- 


kilowatt-hour  for  gas  engines  of  various  sizes,  as  given 
in  a  paper  read  by  E.  D.  Dreyfus  before  the  Pittsburgh 
Railway  Club.  Curve  C  is  derived  from  a  test  made  upon  I 
two  Diesel  engines.  The  points  shown  by  circles  are  for 
a  300-hp.  engine  operating  on  fuel  oil  of  19,419  B.t.u. 
per  lb.  The  points  shown  by  crosses  are  for  an  engine 
of  225  lip.  The  heat  inputs  per  brake  horsepower  have 
been  multiplied  by  1.5  to  give  the  heat  inputs  per  kilo- 
watt-hour. 

Fig.  2  shows  the  distribution  of  heat  in  a  225-hi). 
Diesel  oil  engine,  the  input  of  heat  to  which,  at  vari- 
ous loads,  is  given  in  Fig.  1.  From  Fig.  1  it  would  ap- 
pear that  in  the  Diesel  engine  of  medium  size  an  aMi- 
age  heat  input  may  be  expected  from  50  to  100  per  cent, 
of  rating,  of  about  13,500  B.t.u.  per  kilowatt-hour  of 
output ;  while  for  the  gas  engine  the  average  heat  input 
through  this  range  of  load  is  probably  in  the  neighbor- 
hood of  18,000  B.t.u.  Individual  engines  of  both  ty]ii> 
may  vary  considerably  from  these  average  figures.  Filt. 
2  shows  that   the  heat  represented   in   the   exhaust,   to 
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Fig.  2.  Distribution  of  Heat 

IN  225-Hp.  Diesel 
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duce  the  length  of  exhaust  piping.  It  is  not  practicable 
to  lag  the  exhaust  piping  with  heat-insulating  material, 
as  overheating  of  the  engine  would  usually  result;  as  a 
matter  of  fact,  it  would  be  desirable  in  most  instances 
to  water-jacket  the  exhaust  piping  between  the  engine 
and  the  heater. 

Another  reason  for  the  limited  extent  to  which  the 
heat  in  the  exhaust  and  in  the  jacket  water  has  been 
utilized  for  building  heat  is  the  comparatively  small 
amount  of  heat  available  from  these  sources  as  compared 
with  the  amount  present  in  the  exhaust  of  a  steam  en- 
gine carrying  a  similar  load. 

In  Fig.  1  curves  are  given  showing  the  approximate 
input  of  heat  to  gas  and  oil  engines  per  kilowatt-hour 
of  output.  In  this  figure,  curve  A  is  derived  from  a  test 
made  upon  a  7'5-hp.  low-pressure  oil  engine,  operating  on 
solar  fuel  oil  of  17,240  B.t.u.  per  lb.  (high).  The  heat 
inputs  per  brake  horsepower  at  various  loads  have  been 
multiplied  by  1.5  to  obtain  the  heat  inputs  per  kilowatt- 
hour.     Curve  B  represents  the  average  heat  economy  per 


gether  with  that  lost  in  radiation  and  friction,  averatiis 
about  50  per  cent,  of  the  total  heat  input  from  one-liMlf 
to  full  load  for  this  particular  Diesel  engine.  Probably 
a  figure  of  40  to  45  per  cent,  for  the  heat  in  the  exhaust 
alone  would  represent  a  fair  average  value  for  the  Diesel 
engine  in  ordinary  operation.  The  percentage  of  lu;it 
in  the  exhaust  of  the  average  gas  engine  may  probably 
be  taken  at  from  30  to  40  per  cent,  of  the  total  heat  sup- 
plied to  the  engine.  The  relative  amounts  of  heat  car- 
ried away  by  the  exhaust  and  by  the  jacket  water  nuiy 
vary  to  a  considerable  extent,  in  either  type  of  engine, 
with  tlie  method  of  operation.  Based  upon  the  forego- 
ing figures  with  either  of  these  two  types  of  engine  there 
would  be  in  the  neighljorhood  of  6000  B.t.u.  available 
in  the  exhaust  per  kilowatt-hour  of  output. 

The  jacket  water  ordinarily  carries  away  from  20  to  30 
per  cent,  of  the  total  heat  supplied  to  the  Diesel  engine 
and  from  25  to  40  per  cent,  of  the  total  heat  of  the  aver- 
age gas  engine.  These  percentage  figures  will,  of  course, 
vary  to  a  considerable  extent,  according  to  the  amount 
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i)f  cooling  water  supplied  and  according  to  its  tempera- 
ure. 

Two  distinct  methods  of  utilizing  the  waste  heat  of 
tas  and  oil  engines  present  themselves: 

1.  Heating  water  by  means  of  exhaust  gas  either  by 
(a)  raising  the  temperature  of  the  water  discharged  by 
he  Jacket  of  the  engine,  or  (b)  raising  the  temperature 

>f  other  water,  such  as  that  in  a  clased  hot-water  heating 
lystem,  without  making  any  use  of  the  heat  in  the  jacket 
ivater. 

2.  Raising  steam  by  means  of  the  exhaust  gases,  using 
IS  boiler  feed  either  (a)  the  jacket  water,  or  (b)  other 
,water,  with  no  attempt  to  utilize  the  heat  contained  in 
the  jacket  water. 

Where  large  quantities  of  hot  water  are  required  for  in- 
idustrial  purposes  1.  (a)  affords  a  means  of  utilizing  a 
'large  percentage  of  the  waste  heat  of  a  gas  or  oil  engine. 
^\'h(•n  a  building  is  to  be  heated  by  means  of  hot  water, 
this  method  would  not  be  practicable,  and  1.  (b)  would 
jbe  the  method  employed. 

If  it  were  desired  to  generate  steam  in  small  amounts 
for  industrial  purposes,  the  method  shown  under  3.  (a) 
might  be  used,  although  it  would  entail  considerable  com- 
plication and  materially  increase  the  cost  of  installation. 
Moreover,  the  saving  in  heat  would  not  be  great,  inas- 
much as  only  a  small  percentage  of  the  jacket  water  may 
be  evaporated  by  the  heat  in  the  exhaust  gases.  When 
steam  is  to  be  employed  as  the  medium  for  heating  a 
building  2.  (b)  affords  the  most  practical  method  of 
utilizing  waste  heat,  and  this  system  would,  under  or- 
dinary circumstances,  be  the  most  desirable  one  to  adopt. 

Fig.  3,  which  is  reproduced  from  an  article  in  Power 
(issue  of  Apr.  11,  1911),  by  E.  D.  Dreyfus,  gives  the 
results  of  a  test  upon  an  exhaust  heater  connected  to  a 
200-hp.  gas  engine.  The  amo\int  of  heat  reclaimed  by 
this  heater  for  the  generation  of  steam  was  shown  by  this 
test  to  be  in  excess  of  20  per  cent,  of  the  heat  supplied  to 
the  engine  at  all  loads.  This  would  be  sufficient  in  amount 
to  generate  about  3  lb.  of  steam  per  kw.-hr.  at  full  load, 
and  approximately  -1  lb.  per  kw.-hr.  at  50  per  cent,  of  full 
load. 

The  approximate  pounds  of  steam  per  kw.-hr.  available 
in  the  exhaust  of  a  steam  engine  and  that  available  from 
heat  in  the  exhaust  of  a  gas  or  oil  engine  are  as  follows : 

Simple    automatic    engine 60 

Sing-le-cylinder     CorMss     engine 42 

Corliss    noncondensing    compound    engine 33 

Gas  or   oil   engine,   exhaust   used   for   raising  low-pressure 

steam     3 

Accordingly,  it  will  be  seen  how  insignificant  is  the 
amount  of  steam  that  may  be  generated  from  the  waste 
heat  in  the  exhaust  of  the  average  internal-combustion 
engine  when  compared  with  the  amount  of  exhaust  steam 
obtainable  from  the  ordinary  simple  automatic  engine. 

Possibilities  of  Hot-Water  Heat* 

Hot-water  heat  has  many  possibilities  from  a  financial 
standpoint,  but  many  things  affect  the  earning  power  of 
the  plant,  among  which  are  the  design  of  the  plant,  the 
way  it  is  put  together,  the  relation  between  the  elec- 
trical load  and  the  heating  load,  the  particular  way  tliat 
the  bookkeeper  figures  the  profits  or  keeps  the  books,  the 
rate  charged  for  heat,  the  method  used  in  figuring  radia- 
tion and  the  condition  of  the  pipe  lines. 

•Abstract  of  paper  read  by  N.  M.  Argabrite  before  the  Na- 
tional District  Heating  Association.  Indianapolis,  May  27.  1913. 


Some  engineers  turn  tlie  exliaust  from  an  engine  into 
an  open  heater  or  drum  equipped  with  spill  pans,  and  by 
splashing  the  return  water  of  the  heating  system  down 
over  these  pans  absorb  the  heat  in  the  steam.  Another 
method  is  to  use  a  set  of  small  upright  inclosed  heaters 
with  copper  or  brass  tubes,  passing  the  steam  into  the 
chamber  and  the  circulating  water  through  the  tubes,  and 
allowing  the  condensate  to  run  out  through  a  drain  line. 

An  improved  method  over  the  first  mentioned  is  to 
exhaust  into  a  jet  condenser,  thus  forcing  the  water  to 
take  up  the  exhaust  steam  and  oftentimes  giving  a  fair 
vacuum  on  the  prime  mover. 

A  better  method  is  to  exhaust  the  steam  from  the  prime 
mover  into  an  oversized  heating  condenser.  The  heating 
water  is  circulated  through  the  cooling  chamber  and  a 
dry-vacuum  pump  and  hotwell  pump  are  used  to  ob- 
tain all  possible  vacuum  on  the  prime  mover.  The  con- 
densate is  saved  for  boiler  feed. 

The  way  a  hot-water  heating  plant  is  put  together  has 
much  to  do  with  its  success.  Many  spill-pan  systems 
come  to  grief  from  cylinder  oil  working  its  way  into 
ihe  heating  mains,  then  into  the  services  and  radiators 
and  eventually  clogging  up  the  system,  although  an  effi- 
cient oil  separator  will  tend  to  eliminate  the  trouble. 
This  same  objection  may  be  offered  to  jet-condenser  sys- 
tems. 

The  relation  between  the  electrical  load  and  the  heat- 
ing load  greatly  affects  the  earning  capacity  of  a  hot- 
water  plant.  To  say  the  least  there  is  no  large  amount 
of  money  in  the  hot-water  heating  business — or  steam 
either,  for  that  matter — when  the  plant  has  no  other 
product,  such  as  electricity.  It  stands  to  reason  that  the 
more  heat  that  can  be  obtained  from  exhaust  steam  the 
better  from  a  financial  standpoint.  It  then  becomes  a 
question  of  proportioning  the  heating  plant  to  the  elec- 
trical load,  or  vice  versa. 

A  heating  system  designed  to  absorb  all  the  exhaust 
in  November  will  surely  have  three  months  of  live  steam 
use.  A  certain  amount  of  live  steam  is  not  a  bad  thing 
when  its  use  does  not  come  too  often,  and  still  allows 
the  spring  and  fall  steam  to  be  turned  into  more  money, 
but  the  best  advice  to  the  man  with  a  hot-water  plant 
requiring  too  much  live  steam  is  to  get  busy  and  load 
down  the  electric  end.  It  is  jjossible  at  this  day  and  age 
to  put  one  electric  consumer  on  the  lines  for  every  five 
people  in  the  city. 

The  objection  might  be  raised  that  the  lighting  load 
gives  peak  customers  who  would  furnish  relief  only  for  a 
few  hours  per  day,  but  right  here  is  one  of  the  main  ad- 
vantages of  hot-water  heat;  namely,  that  the  heat  does 
not  pass  off  immediately  as  with  steam.  The  pumps  can 
be  stopped  in  the  dead  of  winter  for  several  hours  and 
the  customers  will  not  suffer.  The  author  had  one  line 
off  last  winter  from  2  \).m.  to  (!  ii.m.  and  nobody  on  the 
line  had  complained  ii])  to  15  niiii.  of  the  time  service 
was  resumed. 

The  ideal  relation  between  electric  and  heating  loads 
is  found  in  larger  cities,  where  there  are  one  or  several 
other  plants  working  in  connection  with  a  heating  plant 
or  plants.  With  these  conditions  the  electric  load  be- 
comes elastic  and  can  be  made  to  fit  the  heating  load. 

The  particular  way  that  the  books  are  kept  has  much 
to  do  with  the  plant  earnings,  and  can  in  many  ca.ses 
make  the  hot-water  plant  a  paying  or  losing  investment. 
Is  the  heating  plant  charged  with  all  coal  and  all  plant 
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lalior.  Eciviiij:  credit  for  current  at  wliolesale  or  retail 
rate!-'  Some  may  think  the  coal  cost  for  summer  months 
.should  be  wholesale  and  others  that  it  is  only  fair  to 
ehar£;e  heating  with  all  above  tlie  summer  kilowatt  cost. 
If  tliis  is  done,  then  what  about  the  larger  peak  in  win- 
ter calling  for  more  engine  units  which  often  raise  the 
cost  per  kilowatt-hour?  Also,  what  about  the  hot -water 
plant  which  really  reduces  the  cost  ])er  kilowatt-hour  by 
making  an  otherwise  noncondensing  ])lant  condensing? 
Tliis  is  another  important  advantage  of  a  hot-water  .sys- 
tem. 

Hot-water  heat  generally  sells  liy  the  square  foot  of 
radiation  per  season,  and  the  rates  for  this  service  range 
from  15  to  25c.  per  sq.ft.  per  season.  Naturally  a  great 
deal  depends  upon  this  rale  and  upon  how  fair  a  rate  a 
company  has  for  its  location.  A  25c.  rate  in  Minnesota 
is  no  better  than  a  20c.  rate  in  Ohio,  all  other  conditions 
being  equal. 

The  condition  of  the  |)ipe  lines  lias  much  to  do  with 
the  overall  economy.  A  .small  leak  in  a  hot-water  main 
will  eat  up  many  feet  of  pipe  each  .reason.  Most  of  the 
pipe  depreciation  takes  etiect  on  the  outside  and  is  caused 
either  by  leaky  pipes  or  by  outside  water  getting  into  the 
bo.xing,  principally  the  former.  Many  hot-water  men 
brag  about  doing  heating  with  water  at  the  temperature 
at  which  the  steam  man's  condensate  is  going  to  the  sewer, 
but  that  .same  man  may  have  a  make-up  pump  in  his 
]ilant,  supplying  as  much  make-up  water  as  is  going  into 
the  boilers  or  even  more. 

In  the  opini(ui  of  the  writer,  the  greatest  possibilities 
in  hot-water  heating  lie  in  improving  and  bringing  upto- 
date  the  present  systems. 

Among  the  po.ssibilities  referred  to  are  the  following: 
Cleaning  out  some  of  the  wasteful  auxiliaries;  getting 
rid  of  open  heaters  and  installing  heater  coinlensers,  thus 
making  the  plant  condensing;  installing  thermostatic  con- 
trol on  the  services;  improving  the  pipe  insulation;  re- 
ducing excessive  circulating  pressures:  closing  every  leak 
on  the  system,  and  many  others. 

In  looking  over  the  pump  room  of  a  hot-water  company 
the  author  counted  ten  steam  pumps  going  at  one  time. 
Some  of  the.se  pumps  could  have  been  easily  eliminated. 
It  is  on  this  point  that  most  companies  make  their  great- 
est mistake.  The  man  in  charge  of  the  above  mentioned 
plant  said  that  the  extravagance  of  these  pumps  made 
no  difference  as  they  needed  the  steam  for  the  heat  any- 
way. A  test  upon  his  circulating  pum]is  showed  a  steam 
consumption  of  about  I5l1  lb.  per  hp.-hr.  How  many  op- 
erators would  run  a  generating  set  very  long  if  it  took 
half  as  much  steam?  It  takes  between  25  and  -10  hp. 
to  circulate  water  for  a  system  of  100,000  sq.ft.  Suppose 
the  pumps  were  changed  to  electric  drive.  Motors  would 
then  be  employed  requiring  about  40  lb.  of  .steam  per 
kw.-hr.,  or  30  lb.  per  hp.-hr.  This  would  save  about  120 
lb.  of  steam  per  hp.-hr.,  meaning  for  an  ordinarv  100,000- 
ft.  system  using  30  hp.  al)out  3(>00  lb.  of  steam  per  hour. 
This  quantity  of  steam  will  make  in  the  average  small 
plant  about  90  kw.  per  hr..  which  will  mean  in  200  days, 
432,000  kw.-hr..  Kilowatts  have  a  market  at  some  price. 
If  the  wastted  steam  mentioned  above  is  needed  on  the 
heat  peak  it  will  not  be  required  during  the  remainder 
of  the  season.  Taking  the  average  income  from  power  at 
about  3c.  per  kw.-hr.,  432,000  kw.-hr.  at  3c.  would  bring 
$12,960,  6  per  cent,  interest  on  $216,000.  ■  In  coal  alone 
at  $2.10  ]i(.r  ton  the  change  would  save  $2000. 


There  may  be  many  chances  almost  as  good  as  tli 
above  for  making  large  savings.  It  is  desirable  to  sjim- 
the  condensate  for  boiler-feed  water,  to  run  the  engines 
condensing  and  perhaps  circulate  the  water  in  the  system 
more  slowly.  All  of  the.«e  things  can  be  done  by  install- 
ing a  large  oversized  heater  condenser  with  a  vacuum 
pump  and  iiotwell  pump,  allowing  about  5  ft.  of  con- 
densing surface  per  kilowatt  of  maximum  load. 

Assume   an   engine  drive  taking  10  lb.   of  steam   jam- 
kw.-hr.,  and  a  daily  load  of  5000  kw.-hr.  supplying  bent 
to  100,000  sq.ft.  of  radiation.  Surely  a  vacuum  averagn  - 
21  in.  will  save  at  least  15  per  cent,  of  the  steam  neeil- 
to  drive  the  engine.     At  40  lb.  of  steam  per  kilowaii 
hour  and  200  days  per  season,  5000  kw.-hr.  jjer  day  wouM 
require  40,000,000   lb.  of  steam.     An  evaporation   of   > 
lb.  would  call  for  2500  tons  of  coal,  which  at  $2.10  pci- 
ton  would  cost  $5259.     Then  15  per  cent,  of  this  figure  , 
would  be  $7S7.50,  the  amount  actually  saved  in  coal.  I 

The  condensers  previously  referred  to  are  on  the  mar- 
ket and  what  is  more  they  will  do  what  is  claimed  fdr 
them.  It  is  po.ssible  to  get  an  outboard  temperature  nf 
130  deg.  with  115-deg.  return  water  and  have  a  2o-iii. 
vacuum;  140-deg.  water,  120-deg.  returns,  23i^-iii.  \ai- 
uum  :  ioO-deg.  water,  130-deg.  returns,  2iy2-m.  vacuuih 
160-deg.  water,  140-deg.  returns,  18iA-in.  vacuum;  K' 
deg.   water,   150-deg.   returns  and  a  15-iu.  vacuum. 

These  figures  can  be  bettered  by  slowing  down  the  in 
culation  and  bringing  the  returns  back  colder. 

Heating  and  Ventilating  in  Europe 

In  (ieniiany,  slates  a  consular  report,  during  the  la>i 
10  years  the  installation  of  hot-water  and  steam  heatiii::. 
and  for  large  buildings  the  necessary  ventilating  facilities 
in   conjunction   therewith,   has   made   enormous    stride>. 

The  high  cost  of  raw  materials,  both  for  combustion 
and  the  heating  plant  itself,  has  necessitated  greater  econ- 
omy in  installing  and  daily  operation;  hence  the  obvious 
reason  for  their  greater  advance  along  the.se  lines.  Scien- 
tific study  has  enabled  Germany  advantageously  to  com- 
pete with  all  foreign  competitors,  not  only  in  their  own 
country  but  in  most  others  where  tariff  restrictions  aie 
not  too  great. 

The  fuels  mostly  in  use  are  coke  and  a  noncoking  brown 
coal  (lignite),  the  former  being  a  byproduct  of  gas  works 
and  reducing  ovens  and  the  latter  a  very  cheap  form  '<( 
.«oft  coal  low  in  heat  units.  The  cheapness  of  this 
fuel  has  resulted  in  overcoming  the  difficulties  of  obtain- 
ing efficient  combustion  with  such  a  poor  class  of  fuel. 

All  towns  and  cities  are  governed  by  a  general  ami 
very  strict  smoke  ordiiiaiue.  which  applies  to  house  heat- 
ing as  well  as  power  boilers.  At  the  saiue  time  all  cheaper 
classes  of  fuel,  especially  of  the  lignite  variety,  tend 
to  give  a  noxious  and  easily  detected  smoke  when  the  ccnn- 
bustion  is  not  complete.  Hence  great  difficulties  have  liail 
to  be  overcome  in  manufacturing  boilers  to  give  satisfai  - 
tory  and  economical  service  and  at  the  same  time  to  com- 
ply with  the  laws  governing  their  operation. 

House-heating  boilers  for  both  steam  and  water  systems 
are  sold  on  a  basis  of  heating  .surface,  the  average  prii  e 
being  50  to  70  marks  ^$11.90  to  $16.67)  per  sq.m.  (lo:'' , 
sq.ft.)  heating  surface,  depending  on  the  size  and  quality. 
Eadiation,  on  the  same  basis,  costs  6  to  7  marks  ($1.43  to 
$1.67)  per  sq.m.  heating  surface.  It  is  usual  to  assume 
an  additional  20  per  cent,  to  cover  the  cost  of  installation. 
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The  Steam  Turbine  for  Auxiliaries 

Time  was — and  not  loii"-  a^o — when  the  iiso  of  stoam 
iirbines  for  driving  auxiliaries  was  coiisidei'ed  to  be  ]iiiiir 
ngineeriiig  because  of  tlie  high  steam  eonsumptioii  of 
hese  units.  There  are  those  who  still  believe  that  the 
mall  turbine  is  too  wasteful  of  steam  to  warrant  its  use. 
The  experience  of  engineers  in  large  plants  where  the 
Auxiliaries  are  numerous,  leads  them  to  favor  the  tur- 
)ine  for  auxiliary  drive  because  its  overall  economy  is 
jetter  than  is  practically  jiossibk^  with  reciprocating  en- 
i'Lnncs.  AVhile  tiie  steam  consumption  of  the  turbine  is 
iisii;illy  greater,  its  low  cost  for  maintenance,  oil  and  re- 
paiis.  and,  consequently  the  lesser  amount  of  skilled  at- 
tention required  for  its  siuccssrul  operation,  offset  the 
Iiigher  water  rate.  It  iiiiist  he  remembered,  too,  that  the 
ixhaust  steam  from  these  small  turbines  is  returned  to  the 
'eed-water  heater,  and  thus  much  of  the  heat  supplied  to 
he  machines  is  returiUMl  to  the  boilers  without  an  ap- 
preciable dead  loss. 

The  development  of  the  modern  centrifugal  pump  is 
having  a  marked  influence  on  tlie  field  of  the  small  tur- 
bine. Centrifugal  circulating  and  boiler-feed  pumps  that 
may  be  easily  accommodated  to  turbine  speeds  are  liecom- 
ing  more  and  more  poptilar,  not  solely  because  of  the  little 
floor  space  occupied,  but  because  they  ai'e  not  so  subject 
to  disorders,  as  those  of  the  reciprocating  type. 

It  is  known  that  the  efficiency  of  steam  turbines,  large 
or  small,  decreases  as  the  blades  are  worn  by  erosion.  It 
is  important,  therefore,  that  small  turbines  as  well  as 
large  ones  be  supplied  with  steam  that  is  reasonably  dry. 
Troubles  due  to  the  erosion  of  turbine  blades  are  not  so 
numerous  or  costly  now  as  they  wci-e  a  few  years  ago, 
owing  to  the  use  of  metals  that  better  resist  the  erosive 
action  of  the  water. 

Some   Causes    of  Flywheel  Explosions 

Every  little  while  an  account  is  published  of  a  flywheel 
explosion,  the  cause  of  which  is  unknown.  Neverthele.ss, 
no  flywheel  will  burst  without  a  cause.  If  it  is  discovered 
a  second  accident  from  the  same  source  is  not  likely  to 
occur;  if  the  real  cause  is  not  ascertained  another  fly- 
wheel accident  may  take  place. 

Few  engineers  realize  that  the  rims  of  most  engine 
flywheels  have  a  velocity  of  approximately  one  mile 
per  minute,  which  is  considered  safe.  If  the  engine  speeds 
w])  a  few  revolutions  the  rim  velocity  exceeds  the  safe 
limit  and  approaches  the  bursting  point. 

Tlie  energy  stored  up  in  a  revolving  flywheel  is  tre- 
mendous and  if  suddenly  released,  will  result  in  wide- 
spread Iiavoc.  Under  ordinary  bursting  conditions  the 
rim  of  a  flywheel  has  a  velocity  of  approximately  three 
miles  per  minute,  which  accounts  for  the  fact  that  most 
bursting  flywheels  are  completely  demolished  upon  ruptur- 
ing and  the  pieces  are  thrown  through  thick  walls  and 
for  considerable   distances. 


The  menace  from  flywheel  explosions  is  unfortunately 
not  conflned  to  destruction  to  property,  hut  generally  iii- 
volvt  s  the  death  oi-  injury  of  one  or  more  of  the  em- 
ployees idxnit   the  phiiit. 

CoveiiHir  dei-aiigeiiieiil  el'  (ine  kind  or  another  is  ]n'ob- 
ably  the  direct  cause  cif  r.iore  flywheel  accidents  than  can 
lie  attributed  to  any  other.  It  may  be  that  the  governor 
licit  broke  or  I'an  otf  the  pulleys,  and  the  governor  was 
prexeiited  from  operating  the  safety  cams,  because  the 
■-top  ])in  had  been  left  in  ])osition. 

-Vii  exhibition  of  this  kind  of  earelessness  was  witnessed 
just  recently.  The  engine  was  new,  and  equipped  with  a 
safety  stop,  but  notwithstanding  the  ingenuity  of  the  in- 
\eiitor  and  I  lie  expense  of  making  it,  so  that  the  engine 
would  be  safeguarded  against  overspeed.  the  running  en- 
gineer had  ]>lugged  the  stop  with  a  piece  of  wood,  making 
it  inoperative  and  defeating  the  purpose  for  which  it  was 
intended. 

Overload  is  another  cause  of  Hywlieel  ru]nure,  when 
tin'  engine  is  belt  edunected.  (ieiuM-aliy  the  rim  of  the 
wheel  is  made  thin  and  is,  therefore,  likely  to  fail,  not 
only  fnim  eeiitrirugal  force,  but  from  a  short-circuit  of 
the  electric  generator,  if  used,  a  sudden  stoppage  of  the 
engine,  or  the  sudden  throwing  on  uf  lunivy  machines  in 
the  mill. 

The  greater  the  velocity  of  the  rim  of  a  flywheel  the 
lighter  it  can  be  constructed  and  still  prevent  fluctua- 
lions  in  engine  speed.  There  is  a  tendency  on  the  part 
of  file  engineer  to  run  an  engine  to  high  rim  speed  in 
order  to  obtain  adiJitional  power  fi'oni  an  engine  ami 
wheel  designed  to  do  less  work.  Such  a  wheel  is  more 
likely  to  rupture  from  overload  than  if  it  had  been  de- 
signed wifli  a  Iieaxicr  rim.  When  si)eeding  up  an  engine 
to  obtain  more  W(U'k  the  engineer  should  not  neglect  to 
take  the  strength  of  the  rim  of  tlie  flywheel  into  con- 
siifei-atiiui. 


Public  Service  Commission's  Power- 
Plant  Rules 

On  .July  1,  the  rules  drawn  u]i  by  the  Public  Service 
Commission  for  the  protection  of  employees  of  public- 
service  plants,  for  the  Fir,st  District  of  N"ew  York  State 
(New  York  City)  went  into  effect.  A  list  of  these  rules 
was  published  in  Power  for  June  17,  page  880. 

.Vmong  tlie  rules,  five  are  especially  important,  namely: 

(S)  All  sto]i  valves  on  steam  boilers  shall  be  of  tlie 
automatic  self-closing  type. 

(10)  All  furnace  doors  on  liaml-lired  bctilers  shall  lie 
fitted  with  latches  or  catches  to  in-event  them  from  being 
blown  open. 

(12)  All  large  main  cutout  stop  valves  shall  be  pro- 
vided with  means  whereby  the  same  may  be  closed  from 
the  boiler  or  engine-room  floor  or  other  remote  point. 

(^^^)  All  large  steam  units  .sliall  lie  filfed  with  auto- 
matic self-closing  valves. 
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(l-t)  All  liigli-s|)i'(<(l  fiigiiies  shall  bo  fitted  willi  aulo- 
matic  safety  stops. 

These  rules  are  indeed  e.xcellent.  It  is  to  be  regretted 
that  their  api)lieatioii  is  so  limited.  As  is  generally 
known,  they  apply  only  to  public-service  corporations,  for 
the  Public  Service  Commission  has  no  jurisdiction  over 
private  plants.  Steam  boilers  or  engines  and  their  piping 
carrying  high-pressure  steam  are  no  less  dangerous  be- 
cause they  are  in  a  plant  other  than  a  public-service  plant. 
In  fact,  the  opposite  is  true,  as  a  comparatively  greater 
number  of  serious  accidents  happen  in  manufacturing 
than  in  large  power-house  plants,  chiefly  because  manu- 
facturers are  so  reluctant  to  equip  their  plants  with 
safety  and  labor-saving  devices. 

There  is  strong  opposition  to  these  rules  in  some 
quarters,  and  there  are  likely  to  be  interesting  develop- 
ments before  the  commission  succeeds  in  enforcing  them 
in  all  public-service  plants  in  the  First  District.  Some 
of  the  more  modern  plants  have  automatic  stop  valves  on 
boiler  leads  and  on  steam  lines  to  the  main  units ;  the 
high-speed  and  other  engines  have  automatic  stops.  Plants 
so  provided  will  not  be  under  heavy  expense  to  meet  the 
requirements  of  the  commission's  rules.  But  companies 
that  have  several  plants  aggregating  one  or  two  hundred 
boilers,  none  of  which  have  automatic  stop  valves,  will 
have  to  spend  a  goodly  sum  to  comply  with  the  rules. 
The  expense  of  furnishing  automatic  valves  to  the  boil- 
ers is  not  all  that  must  be  met,  but  it  is  the  largest  item. 

It  would  not  surprise  us  if  some  of  these  la.st  named 
companies  should  object  to  the  rulings  on  the  ground 
that  they  are  discriminatory.  Their  logical  contention 
would  be,  as  we  stated,  that  high-pressure  boilers  and 
piping  are  no  more  dangerous  in  one  place  than  in  an- 
other and,  therefore,  the  rules  relating  to  automatic  stop 
valves  and  furnace  doors  should  apply  to  all  plants  or 
to  none. 

Such  a  controversy  would  undoubtedly  lead  to  the  com- 
mission recommending  a  state  law  embodying  their  rules 
that  would  apply  to  all  plants. 

A  few  months  ago  we  recommended,  editorially,  that 
states  or  municipalities  creating  laws  enforcing  the  use 
of  automatic  nonreturn  stop  valves,  should  make  it  com- 
pulsory to  put  in  these  valves  in  new  installations  or 
when  remodeling  an  old  plant  or  renewing  a  stop  valve. 
At  least  they  should  allow  a  reasonable  time  within  which 
the  change  from  the  old-type  valves  must  be  made.  In 
this  way  no  undue  hardship  would  be  worked  on  any 
plant,  all  would  be  equitably  treated  and  the  old  valves 
would  slowly  but  surely  become  obsolete. 

Over-Specialization 

More  than  in  many  other  callings,  the  fascinating  de- 
tails which  form  so  large  a  part  of  the  engineer's  work 
tend  to  make  him  an  extreme  specialist.  The  economical 
production  and  utilization  of  power  is  in  itself  a  broad 
and  rich  field  in  which  to  turn  one's  best  energies  to  use- 
ful account;  but  important  as  is  this  branch  of  engi- 
neering, it  is  a  means  to  an  end,  and  a  keen  perception  of 
that  end  forms  a  mighty  good  platform  iipon  which  to 
stand  in  looking  toward  larger  responsibilities  and  greater 
rewards. 

In  these  days  it  is  needless  to  dilate  upon  the  value  of 
the  specialist  in  the  doing  of  the  world's  work — the  ne- 
cessity for  the  man  with  deep,  acute  knowledge  in  par- 


ticular and  often  difficult  branches  is  self-evident.  But 
the  world  also  needs,  and  finds  none  too  common,  the 
man  with  the  analytical  power  of  the  specialist  and  tiif 
constructive  ability  of  the  able  technical  executive.  Thos- 
W'ho  can  qualify  seldom  remain  on  jobs  with  no  futures. 
How  to  qualify  is  the  big  problem. 

A  technically  trained  engineer  has  constantly  to  com- 
bat a  tendency  toward  narrowness  of  viewpoint  if  he  de- 
sires to  cultivate  a  wide  mental  horizon.  He  has  to  avoid 
a  complete  absorption  in  detail  to  the  exclusion  of  the 
larger  relations  of  his  work  if  he  will  advance  along 
broad  lines,  and  still  he  must  not  neglect  details  whieii 
are  essential.  The  man  with  the  capacity  to  see  the  un- 
usual and  the  significant,  the  chap  with  imagination  and 
enterprise  enough  to  look  at  the  relations  of  his  own  duties 
to  the  welfare  of  the  concern  as  a  whole  is  the  one  selected 
to  go  higlier  when  the  inevitable  changes  of  indu^■trial  life 
come. 

Over-specialization  often  leads  to  undue  emphasis  upon 
the  importance  of  individual  tasks  in  given  departments  ; 
to  a  lack  of  interest  outside  immediately  vital  responsi- 
bilities; to  long  continued  employment  at  stated  com- 
pensation perhaps,  and  not  seldom  to  final  replacement 
before  middle  age  is  past  by  men  with  less  experience  in 
single  grooves  but  with  better  comprehension  of  inter- 
departmental relations  and  the  ability  to  make  effective 
use  of  men  with  limited  ideas. 

The  engineer  should  regard  his  department  as  a  link 
in  the  chain — a  mighty  important  link,  but  a  part  in  the 
whole  scheme  of  organization,  representing,  in  the  case 
of  a  power  plant,  probably  not  over  five  per  cent,  of  the 
total  cost  of  production,  and  the  less  this  percentage  the 
better,  by  the  way.  While  keeping  up  an  intense  interest 
and  activity  in  the  detailed  work  of  each  day,  he  should 
look  for  their  significance  in  the  mass.  If  his  company 
is  given  a  hearing  upon  its  rates  or  a  stock  issue  before 
the  state  commission,  he  should  try  to  secure  the  record 
of  the  testimony  and  study  the  company's  operations  from 
a  new  viewpoint.  These  records  are  practically  always 
open  to  public  use  at  the  commission's  office,  but  no  liberal 
manager  will  deny  his  employees  the  opportunity  to  read 
such  records  within  the  plant  itself,  if  the  request  is  made 
in  good  faith.  The  engineer  should  make  as  careful  a 
study  as  possible  of  the  workings  of  all  departments,  the 
public  policy,  commercial  methods  and  general  adminis- 
tration of  his  organization ;  the  time  required  will  be 
well  spent  in  the  interests  of  a  larger  efficiency  and 
broadened  outlook. 

In  the  past  year  an  investigation  has  been  made  of 
every  accident  that  occurred  on  the  Pennsylvania  Rail- 
road. To  give  all  employees  the  benefit  of  this  investi- 
gation, a  book  has  been  compiled,  "Safety  Hints  and  Sug- 
gestions for  the  Prevention  of  Personal  Injury  Acci- 
dents," and  copies  distributed  among  them. 

It  would  be  splendid  if  some  such  service  could  be 
done  for  power  plants  generally.  At  least  they  may 
profit  by  this  thought  that  is  expressed  in  a  message  from 
the  general  manager  accompanying  the  book: 

"Safety  in  railroad  operation  is  not  a  question  of  safe- 
guards, but  of  intelligent  caution  constantly  exercised. 
The  ultimate  aim  of  the  safety  work  is  to  develop  in  each 
employee  a  sense  of  personal  responsibility,  not  alone  in 
taking  measures  for  his  own  safety,  but  for  that  of  his 
fellow-  employee  as  well." 
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Baffles  Save  Much  Oil 

In  marine  practice  one  has  more  or  less  trouble  with 
oil  that  runs  from  the  bearings,  etc.,  down  the  outside  of 
the  machines,  then  to  the  deck  and,  unless  the  oil  is 
kept  wiped  up,  it  makes  an  objectionable  mess.  Our  worst 
trouble  was  with  eight  force-draft  blowers ;  they  were  in- 
closed in  an  oil-tight  casing  so  that  the  cranks,  main 
bearings  and  crossheads  were  oiled  by  the  splash  sys- 
tem. These  engines  ran  nicely,  seldom  needing  any  un- 
usual attention,  but  oil  would  get  through  the  sides  of 
the  main  bearings  and  besmear  the  blower  with  oil,  be- 
sides crawling  along  the  shaft  at  both  ends  and  when  it 
reached  the  starting  wheel  it  would  fly  off  in  all  direc- 
tions with  considerable  force  as  the  blowers  ran  at  800 
r.p.m.     This  was  partly  overcome  by  fitting  hoods  over 


Ckankcase  Fitted  To  Avoid  Oil  Leakage 

the  starting  wheels.  The  fan  end  was  more  difficult  to 
control  as  the  oil  would  get  through  the  fan  casing  where 
the  shaft  went  through,  and  the  fan  ivould  throw  it  all 
over  the  top  of  the  boilers.  This  wasted  -4  gal.  of  oil  a 
week  for  each  blower  and  the  trouble  lasted  for  a  long 
time,  during  which  many  devices  were  tried  but  without 
satisfactory  results. 

An  oiler  said  that  he  had  solved  the  oil  problem  and  he 
produced  the  sketch  shown.  Both  oil  guards  A  and  oil 
baffles  B  were  made  in  halves  so  that  they  could  be  bolted 
together  without  removing  the  shaft  fittings.  The  bot- 
toms of  the  guards  were  connected  to  the  bottom  of  the 
oil  well.  We  had  patterns  made  and  received  four  sets 
of  castings  before  sailing,  fitting  them  up  on  board,  as  il- 
lustrated. This  ended  our  troubles,  besides  saving  nearly 
a  barrel  of  oil  each  trip. 

K.  D.  Granger. 

Philadel]ihia,  Penn. 

[This  same  arrangement  of  baffle  and  casing  is  appli- 
cable to  any  shaft. — Editor.] 


Pump  with  Hydraulically  Operated 
Suction  Valves 

Discussions  relative  to  troubles  attendant  upon  hand- 
ling hot  water  with  direct-acting  steam  pumps,  recalls 
an  experience  which  resulted  in  disappointment  to  the 
inventor  of  a  hot-water  pump.  An  engineer  had  in  ser- 
vice a  duplex  steam  pump  and  receiver,  handling  heat- 
ing returns  to  the  boiler  on  a  closed  system.  Under  or- 
dinary circumstances  the  mechanism  operated  perfectly, 
but  peculiarly  enough,  with  a  falling  boiler  pressure,  a 
condition  sometimes  existed  which  caused  the  pump  to 
become  vapor-bound,  run  away  and  almost  pound  itself 
to  pieces.  This  trouble  invariably  occurred  at  night,  dur- 
ing the  engineer's  absence. 

After  much  thought  and  some  experiment,  it  was  de- 
termined that  a  vacuum  was  formed  in  the  receiver  when 
a  small  quantity  of  cold  condensate  was  returned  to  the 
receiver.  This  prevented  the  water  from  flowing  down 
into  the  pum]i  cylinders,  for  some  reason  or  other,  which 


Fig.  1  Pig.  2 

.Section  of  Pump  and  Details  of  Suction  Valve 

in  turn  caused  the  pump  to  become  vapor-bound.  It  was 
reasoned  that  if  the  suction  valves  of  the  pump  were  au- 
tomatically operated,  this  condition  could  not  occur. 

A  manufacturer  was  finally  found  who  built  a  pump 
to  the  inventor's  design,  as  shown  in  Fig.  1,  equipping 
the  pump  with  automatic  suction  valves,  as  shown  in 
detail  in  Fig.  2.  The  suction  valves  are  hydraulically 
actuated,  being  lifted  off  their  seat  by  the  pressure  in 
the  discharge  space  at  the  opposite  end  of  the  cylinder, 
water  under  pressure  entering  at  A,  Fig.  2,  and  flowing 
into  the  cored  ports. 

Strange  to  say,  even  this  arrangement,  presenting  a 
free  port  through  which  the  water  from  the  receiver  could 
flow  to  the  cylinders  by  gravity,  failed  to  prevent  the 
pounding.  The  pump  operated  just  as  badly  with  the 
automatic  valves  as  with  the  ordinary  pump  valves, 
though  the  reason  for  the  failure  has  always  remained 
unknown.  An  itinerant  "'pump  doctor"  suggested  piping 
a  cold  water  injection  line  to  the  cylinders  to  condense 
the  vapor  and  ]irevent  the  pump  from  slamming.     This 
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expedient  proved  entirely  satisfactory,  the  introduction 
of  a  very  small  quantity  of  water  proving  entirely  ade- 
quate to  stop  the  pump's  running  away. 

X(i  pump  and  receiver  can  he  operated  on  a  closed 
.system  without  dangei'  of  heeoniing  vapor-bound,  no  mat- 
ter where  tlie  receiver  may  be  located  in  i-efereuee  to  the 
pump.  As  a  matter  of  experiment,  a  receiver  15  ft.  above 
the  pump  has  been  tried,  and  it  has  been  found  thai  the 
l)ump  could  be  made  to  run  away  by  the  injection  of  a 
small  spray  of  cold  water  into  the  receiver.  Tn  prac- 
tically every  case,  an  injection  of  cold  water  into  the 
jnim))  cylinders  entirely  prevents  tiiis  trouble. 

li.  ]').  GooowiN'. 

Ilolyoke.  :\hiss. 

Pitting  of  Boilers  Due  to  Furnace? 

The  i)itting  of  Ixiilers  in  Chicago  seems  to  be  quite 
characteristic  tci  boilers  having  the  dutch-oven  type  of 
furnace.  The  (ibjeci  (if  installing  this  type  of  furnace  is 
to  eliminate  the  sninkc.  which  it  iloes  after  the  furnace 
gets  hot. 

Thci-e  ai-c  alioul  llii-ee  Tli<iusand  firebricks  use<l  in  the 
c<instructi(in  nf  such  furnaces,  .so  it  is  readily  realized 
how  much  heat  they  retain  after  the  fires  are  drawn  or 
luii-ncd  (lut.  Oil  cxaniinatidii  n[  the  inside  of  the  tioilers 
the  next  day  or  so  after  the  tires  have  been  drawn  and 
the  steam  is  down,  it  will  he  found  that  the  heat  from  the 
furnace  generates  a  vapor  in  the  boiler  and  wluMi  the 
vapor  conden.ses  on  striking  the  top  plates  it  forms  small 
drops  of  water  which  cling  to  the  shell  until  they  become 
heavy  and  drop  on  the  bottom  plates.  During  the  time 
the  ilrop  is  forming  a  chemical  action  seems  to  take  place. 
This  chemii'al,  which  seems  to  be  heavier  than  the  water, 
and  wherever  it  drops  settles  on  the  Hues  or  shell  and  pit- 
ting takes  })lace.  This  action  does  not  occur  in  other 
boilers  that  use  distilled  water,  but:  have  not  that  kind 
of  a  furnace. 

E.  lIi:i;zoG. 

ChicaiTo.    111. 

A  Unique  Explosion 

Two  boilers,  60  in.  by  16  ft.,  of  the  horizontal  return- 
tubular  type,  each  rated  at  <S()  hp.,  were  recently  installed 
in  the  basement  of  a  new  addition  to  a  building  in  (.'hat- 
taiiooga,  Tenn.  The  settings  were  of  the  steel-cased  type, 
,111(1  the  boilers  were  set  entirely  independent  of  each 
other. 

Boiler  No.  :i  was  tired  nj),  and  after  the  setting  had 
time  to  get  hot,  an  explosion  occurred,  supposedly  in  the 
setting.  Very  little  apparent  damage  was  done.  The 
fire-doors  were  blown  open,  the  rear  soot  door  blown  out 
of  position,  the  ashpit  torn  up  to  a  depth  of  2  or  3  in. 
and  the  grates  disarranged.  No  careful  examination  was 
made,  as  the  attentlants  .supixi.sed  the  explosion  was  the 
result  of  the  sudden  ignition  of  a  collection  of  gas  in  the 
furnace.  As  tbe  fire  had  been  started  merely  for  the  jnir- 
pose  of  drying  out  the  setting,  it  was  not  restarted. 

On  the  following  day,  the  damper  and  draft  doons  of 
lioiler  No.  1  were  opened  and  the  setting  carefully  ex- 
amined to  prevent  a  recurrence  of  the  accident  of  the  day 
previous.  A  fire  was  then  started  under  this  boiler,  and 
after  the  setting  had  become  hot  and  ashes  and  hot  coals 


had  deposited  in  the  ashpit  in  sullicieiit  (piantity  to 
thoroughly  heat  it,  an  exjdosicui  occurred  similar  to  iln' 
one  that  hail  occurred  under  boiler  No.  2,  but  of  nmin 
serious  moment.  The  fire-doors  were  blown  o])en,  ri'nr 
soot  door  blown  out  of  position,  ashpit  torn  up  to  a  dcpili 
of  ()  or  8  in.,  and  the  grates  were  hurled  u])  against  the 
boiler  and  fell  down  in  disorder  into  the  ashiiit. 

.V  boiler  inspector  was  notified  of  the  explosions  ami 
hastened  t  the  scene.  He  proceded  immediately  to  ninki^ 
a  thorough  examination,  and  found  that  the  explo.vions 
were  not  from  gas  in  the  furnaces,  but  that  they  had  oc 
ciirrcd  under  the  ashpit,  tiie  bottoms  of  which  were 
formed  by  the  concrete  floor  of  the  ba.sement.  The  coii- 
chisioii  wiis  that  the  steam  had  been  generated  from  the 
c\ccssi\cly  (lamp  soil  under  the  concrete,  or  from  water 
that  had  soaked  through  cracks  or  apertures  which  had 
been  closed  by  the  expansion  of  the  concrete  as  it  became 
liot,  and  there  was  left  no  avenue  of  escape  for  the  steam. 
As  water  had  stood  in  the  basement,  both  before  and  after 
the  concrete  floor  had  been  put  in,  the  conclusion  »a? 
logical,  and  at  once  accepted  by  all  concerned. 

D.  A.  Simpson. 

Chattanooga,  TcJin. 

Repairs  to  Link  of  Pump 

A  bolt  broke  on  one  of  our  air  jnimps,  and  caused  a 
shutdown  duriii;.  ■  time  the  repairs  were  being  made. 
The  holt  was  of  pi'culiar  construction,  as  shown  at  .-1,  ami 


SiiowiNo  .\'i;w  AND  Olu  Bolts  foi;  IjINK 

to  remove  it  we  had  to  disconnect  the  pump.  It  was  the 
first  of  its  kind  to  be  broken,  and  none  were  in  stock. 

We  made  an  improvised  bolt  with  a  piece  of  pipe  and 
started  the  pump.  We  made  new  liolts,  hut  of  a  different 
design  than  tho.se  furnished  by  the  pum]i  makers.  The 
old  bolts  A  were  in  one  piece,  large  in  the  middle  to  inn- 
vide  shoulders  on  which  the  bottoms  of  the  hearing  laps 
could  rest  while  the  nuts  BBB  were  tightened.  The  con- 
struction of  these  old  bolts  made  it  necessary  to  take  the 
link  apart  when  a  bolt  broke. 

To  avoid  doing  this  the  new  holts  were  made  of  the 
same  diameter  throughout  their  entire  length  and  a 
sleeve,  made  f  a  piece  of  pipe  through  which  the  bolt 
was  inserted,  provided  the  necessary  shoulders. 

Fall  River,  Mass.  liorKnv  C'olbeim'.    J 
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Rubbish  as  Fuel 

In  the  isMUf  of  Maj-  :i7,  there  appeared  on  Page  745 
editorial  on  burning  of  waste  materials  M-here  coal 
I'as  the  principal  i'licl.  On  the  other  luiml.  I  lia\e  burned 
iiousands  of  c(U'ils  ul'  waste  material  whcic  ilic  latter  cnn- 
tituted  the  main  fuel,  and  where  coal  was  advantageuus- 
f  used  for  improving  the  combustion  of  the  waste  ma- 
erial.  For  this  purpose  a  few  shovelfuls  of  coal  spread 
vej  the  fire  and  worked  below  (he  hi^l  cf  waste  fuel  have 
proved  very  satisfactory  in  preventing  line  material  like 
awdust  from  falling  through  the  grates  and  in  ventilat- 
ug  the  bed  of  fuel.  Quite  large  lumps  of  coal  may  be 
ised;  in  fact,  old  fireliriek  or  large  clinkers  from  the 
ish  pile  can  be  used  in  the  same  way  to  good  advantage. 

In  my  opinion  the  old-style  straight  grates  with  %-  to 
/^-in.  openings  and  a  layer  of  clinker  spread  over  the 
;rate.s  to  keep  the  waste  fuel  from  falling  through  are 
ar  better  than  any  of  the  .special  designs  of  grates  for 
kirning  sawdust  that  have  come  under  my  notice.  Saw- 
lust  laid  on  a  bare  grate  makes  too  close  a  bed  for  ob- 
:aining  a  good  dral't  and  will  only  burn  from  the  venti- 
ated  surface  inward.  It  therefore  needs  to  be  broken  up 
:o  expose  as  large  a  stirface  to  draft  as  possible,  but  the 
Ded  should  not  be  disturbed  any  oftener  than  necessary 
)r  the  fire  becomes  smothered.  All  the  cleaning  that  is 
lecessary  is  to  take  a  single-pronged  hook  laid  Hat  on  the 
grates  and  rake  it  back  and  forth  a  few  times  during  the 
run.  After  cleaning  a  sawdust  fire  iti  this  manner  the 
leated  clinker  or  lumps  of  coal  will  cause  the  bed  of  fuel 
;o  be  quickly  ignited  and  for  the  same  reason  that  com- 
justion  of  a  sawdust  fire  is  always  active  next  t(i  the  hot 
B-alls  of  the  furnace. 

V.     L.     B-U>LOL'. 

Xoi'tli  Adams,  Mass. 


Water-Column  Blowoff  Piping 

In  the  June  3  issue  appears  an  editorial  note  attached 
to  the  article  of  Edward  T.  Binns,  a  part  of  which  reads, 
"It  is  hardly  to  be  recommended  that  the  column  blowoff 
be  piped  elsew^here  than  to  the  ashpit." 

I  wish  to  take  exception  to  this  statement.  It  is  true 
that  it  is  con'.mon  practice  to  run  a  ^-in.  pipe  from  the 
column  to  the  ashpit,  to  be  used  as  a  column  blowoff,  but 
this  is  not  good  practice,  for  several  reasons :  First,  the 
function  of  this  blowoff  is  to  keep  the  lower  connection 
from  the  boiler  to  the  colunni  free  from  sediment.  With 
a  small  pipe  this  cannot  be  effectually  done  as  the  amount 
of  water  passing  through  the  small  pipe  is  not  sufficient 
to  move  the  water  in  the  larger  pipe  (wliiili  is  usually 
11/4  ill-)  fast  enough  to  thoroughly  clean  it. 

My  practice  is  to  make  the  column  blowoff  e(pial  in 
size  with  the  lower  connection  and  to  connect  it  around 
into  the  boiler  blowoff  pipe.  In  this  way  a  full  A^^-m. 
opening  can  be  had,  and  things  have  got  to  move  when 
the  valve  is  opened.     My  method  of  eoluinn  hlowfilf  con- 


nections meets  with  the  hearty  .-ipproxa!  of  all  bniler  in- 
spectors who  visit  the  ])lant. 

There  are  other  inincn'  reaxms  why  this  blowoff  pipe 
should  be  kept  out  nf  the  aslipit.  such  as  the  possibility 
of  accidents  such  as  haiipejieil  to  Mr.  liinns;  the  de- 
terioration of  the  hridue-wall  caused  hy  the  lihiwing  of 
steam    and    hot    water    I'oreiiilv    against    it,   etc. 

K.  H.  i;oiii:i;T.s. 

East   ^l^lrwalk.   Cimn. 

Engine-Cylinder  Lubrication 

In  reading  the  article  on  the  alMJ\c  subject  by  Willis 
Lawrence  in  the  ilay  Id  issue  of  I'owEE,  I  was  deeply 
interested  in  noting  the  beneficial  effect  of  the  graphite 
in  the  oil.  It  woulil  Ije  of  interest  to  know  what  amotints 
of  graphite  wert'  found  to  be  sufficient  to  take  the  place 
of  the  varying  per  cents,  of  animal  I'ats.  an<l  whether 
the  same  methods  of  luhrieation  can  lie  used  for  feeding 
graphite  and  oil  as  is  used   loi-  cylinder  oil  alone. 

The  subject  is  of  such  vital  initure  and  so  little  delinite 
information  is  at  hand  tiiat  I  hi'  publication  of  such  arti- 
cles as  "Engine-('\linilei-  Luhrieation,"  as  well  as  diseus- 
sion  should  be  of  great    \alue  to  engineers. 

.JoHx  W.  H.u;ki;k. 

Gary,  Ind. 

Ammonia  and  Water  for  Hot 
Bearings 

T  have  just  read  tlie  article  in  the  Apr.  1  issue  of  Powkr 
relative  to  the  use  of  amnu)nia  for  cooling  hot  bearings. 
While  I  have  never  expanded  licpiid  ammonia  directly 
into  the  bearings,  1  ha\c  expaiKU'd  it  into  a  5-gal.  can 
of  luin'icating  oil  until  we  had  nothing  but  a  latiier  which 
was  remarkable  fm-  its  eDoling  properties,  and  which  fi'd 
very  fast  through  the  gravity-type  oiling  system.  Thi.s 
lather  cools  the  bearing  very  quickly.  The  bearings  were 
914  in.  in  diameter  by  9i/o  in.  wide,  of  solid  bronze,  and 
they  were  chronic  "heaters."  Cooling  them  with  this 
lather  enabled  us,  in  three  instances,  to  operate  until 
Sunday  morning,  when  repairs  could  better  be  made.  N"o 
ill  effects  were  noticed  from  the  use  of  the  ammonia. 

To  slIo^v  (hat  it  takes  considerabli'  lime  Tcir  ammonia 
to  attack  bronze  ami  brass,  the  folhiw  ing  experience  serves 
well:  Two  brass  vahcs  ami  a  brass  unimi  weiv  placed 
in  a  liquid-ammonia  lim'.  the  intent  icui  being  to  use  them 
for  a  day  or  two  until  7'egular  amimmia  littings  could  be 
procured.  I'.ut  it  was  three  munths  liei'ore  they  were  re- 
moved, and  the  \al'.es  and  unions  were  then  as  good  as 
new,  being  mueli  ileaiier  iiisidi'  than  when  first  installed. 

I  should  not  fear  the  elfeets  of  amnH)nia  for  such  few 
times  as  it  in.'iy  be  applied  In  bron/e  bi'arings.  And,  as 
for  babbitt,  ammonia  will  iie\('r  harm  it.  .Vs  for  apply- 
ing water  on  a  babbitted  hearing  that  is  running  fairly 
well,  do  not  do  it.  The  result  is  generally  a  slight  rough- 
ing of  the  surface,   rornnng  little  waves  in  the  oilwavs, 
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which  become  filled  with  black  flakes.  Use  plenty  of  water 
and  oil  on  bronze  bearings  as  a  polished  surface  and  a 
cool-running  bearing  result,  but  keep  water  off  the  bab- 
bitted boxes.  The  above  has  been  my  experience  in  roll- 
ing-mill and  blast-furnace  work. 

D.  L.  Fagxax. 
Amarillo.  Tex. 

How  Did  It  Happen? 

Replying  to  F.  A.  Hunter's  inquiry,  page  426,  Mar.  25 
issue,  as  to  how  it  happened  that  the  exhaust  valves  of 
his  Corliss  engine  became  turned  ujjside  down,  if  the 
valves  had  originally  been  jiut  in  right  side  up,  then  with 
the  reach  rod  unhooked  it  is  possible  that  the  lengths 
of  valve  rods  and  valve  arms  are  such  that  by  moving 
the  wristplate  far  enough  the  valve  arms  could  have 
become  turned  upside  down,  thus  turning  the  valves  bot- 
tom side  up.  Mr.  Hunter  should  take  diagrams  to  de- 
termine whether  the  exhaust  valves  are  working  right  by 
merely  turning  them  right  side  up  or  whether  the  valve 
arms  became  turned  upside  down,  thus  causing  the  valves 
to  be  turned  bottom  side  up.  In  this  manner  he  may 
come  to  a  conclusion  of  how  it  happened  that  the  valves 
were  found  to  be  upside  down. 

Thkodoke  C.  Eobixsox. 

Fort  Madison,  Iowa. 

Centrifugal  Pumps  for  Boiler  Feeding 

In  these  columns  there  has  recently  been  some  discus- 
sion on  the  use  of  centrifugal  pumps  for  boiler  feeding. 
It  might  be  of  interest  to  some  of  the  readers  of  Power 
to  know  that  on  a  certain  ship,  running  regularly  on  the 
Pacific  Coast,  there  are  in  use  two  centrifugal  pumps, 
21/^-in.,  four-stage,  direct-driven  by  steam  turbines.  These 
pumps  feed  boilers  16  ft.  in  diameter  by  11^  ft.  long, 
working  under  200  lb.  pressure.  The  supply  is  taken 
from  a  filter  box  under  a  5y2-ft.  head,  the  hotwell  tem- 
perature being  110  deg.  F.  The  steam  to  the  pumps  is 
controlled  by  a  chronometer  valve  and  float  which  is  lo- 
cated in  one  compartment  of  the  filter  box,  and  operates 
automatically  with  a  lever  connection  between  the  float 
and  the  chronometer  valve.  The  delivery  from  the  pump 
is  discharged  into  a  filter  of  the  cloth-covered  type,  thence 
to  a  closed  heater  and  finally  to  the  boilers. 

These  pumps  run  at  3000  r.p.m.  and  in  addition  to  the 
float  control,  have  a  Pickering  governor  located  at  the 
turbine  throttle.  This,  of  course,  would  be  brought  into 
action  and  immediately  shut  o£E  the  steam,  should  any- 
thing happen  to  the  float  governor. 

J.  A.  McVay. 

San  Francisco,  Calif. 

Experiments  on  Efficient  Boiler 
Operation 

In  his  article  on  this  subject,  page  799,  June  3  issue, 
B.  W.  Rogowski  sav's  regarding  the  unavoidable  losses 
in  dry  chimney  gases : 

"Assume  the  air  supply  to  be  theoretically  correctly 
proportioned  to  the  amount  of  coal  burned,  i.e.,  11.5  lb. 
per  pound  of  combustible ;  atmospheric  temperature,  60 
deg.   F. ;   stack   temperature   at  the   base,   450   deg.    F. ; 


specific  heat  of  the  flue  gases,  0.24.     Then  the  heat  c;h- 
ried  away  by  the  least  possible  weight  of  chimney  g.; 
with  perfect  combustion  and  conditions  .specified  ali^ 
would  be 

1(11.5  +  1)  X   (450—  60)1  X  0.24  =  lltO  B.t. a. 

■"With  fuel  having  a  calorific  value  of   12,500    B.t.u. 
per  pound  this  means  an  unavoidable  loss  of 

'„   '  ,„  X  100  =  0.36  per  cent." 

His  figure — 9.36  jier  cent. — is  iiicorrect,  for  aftei- 
taining  1170  B.t.u.  as  the  loss  per  pound  of  combmh 
he  should  have  divided  by  the  heating  value  of  a  poun:! 
of  combu.stible,   which   with  the  fuel   considered,  would 
be  about  14,500  B.t.u.     This  gives 

^"^'^    X  100  =  8.07  2}er  cent. 


14,500 


Chai!LEs  C.  Cobb,  .Tk. 


Kewanee,  111. 


Electric  Elevator  Question  and  Answers 

In  the  June  10  issue,  Jlr.  Pyatt,  in  criticizing  my  arti- 
cle under  the  above  heading,  states  that  in  his  experieure 
the  car  operates  the  limit  switch.  This  may  be  true  iu 
his  individual  plant,  but  if  he  has  seen  elevator  equip- 
ment in  many  plants  he  will  agree  with  my  statement 
that  when  the  car  is  down  below  the  bottom  floor  the 
counterweights  are  up  at  the  top  where  there  are  two 
limit  switches,  one  for  the  car  when  it  is  at  the  top  ai  '1 
one  for  the  counterweights  when  the  ear  is  at  the  bottni  ; : 
both  switches  will  break  the  cirduit  and  stop  the  motm-. 

Mr.  Pyatt  claims  that  by  holding  the  potential  switih 
in  place  the  ear  may  be  moved  quicker.  He  neglects  to 
state  that  with  most  electric  elevators  this  will  rpquiix 
an  extra  man  to  hold  down  the  clapper  switch  on  ilit 
back  of  the  brake  band.  As  a  matter  of  fact,  neither  of 
these  methods  is  the  quickest.  By  simply  putting  a  piece 
of  i^-in.  iron  under  the  brake  spring  and  raising  the 
brake-band  weight  arm,  the  car  will  rise  unaided  if  the 
load  is  ofi.  He  does  not  see  why  an  elevator  should  make 
a  sudden  stop  on  the  up  stroke  and  not  on  the  down  strike. 
If  he  will  study  the  illustration  accompanying  my  arti'lo 
"Care  of  Electric  Elevator  Brakes,"  Power,  Oct.  8,  liM?, 
page  539,  he  will  be  enlightened.  I  often  wondered  \' '  " 
this  is  so,  bait  after  working  on  several  brake  connei  i 
I  find  that  it  requires  a  certain  tension  on  each  of  i.iv, 
brake  bauds  to  get  a  good,  easy  stop,  both  on  the  up  aud 
down  motion.  There  are  16  elevators  in  our  plant,  so 
we  get  plenty  of  experience. 

Mr.  Pyatt  does  not  see  how  the  safeties  can  be  looscm  d 
without  pulling  out  the  governors.  Here  is  where  exjn  ri- 
cnce  and  actual  familiarity  with  the  machinery  umlir 
one's  care  counts  for  much.  All  that  is  necessary  is  to 
raise  the  car  about  a  foot  with  the  spanner  wrenches  and 
the  governor  ropes  will  be  very  slack  and  will  allow  the  ' 
spool  under  the  car  to  be  turned  off.  It  is  not  necessary  » 
to  pull  out  the  governor  until  the  safeties  are  out.  ^Ir. 
Pyatt  further  states:  "When  the  centrifugal  governor 
trips  (which  it  can  only  do  when  the  car  is  on  the  down 
trip),  etc."  If  he  will  visit  a  few  plants  he  will,  no 
doubt,  see  electric  elevator  governors  that  operate  buth 
on  the  up  and  down  trips. 

A.   C.   Waldkox. 

Revere,  Mass. 
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Pump     Lift     Thruugh     Different     ;  ij^etl     Piprs — When     two 

team   pumps   of   the   same   design   and   size    are    working  with 

iOO-lb.   steam  pressure,  one   having  a   3-in.   discharge  pipe  and 

the  other  a  6-in.   discharge  pipe   which   pump  will  force   water 

^o  the   greater   height? 

A.    S. 

The  pumps  would  force  water  to  the  same  height,  but 
the  pump  having  a  6-in.  discharge  would  work  faster  and 
would  pump  more  water  in  a  given  time.  The  pressure  ex- 
erted by  the  water  piston  would  be  the  same  in  each  case  and 
without  friction  there  would  be  only  the  same  velocity  of 
discharge,  and  the  6-in.  pipe  having  four  times  the  cross- 
sectional  area  of  the  3-in.  pipe,  the  latter  would  discharge 
only  one-quarter  as  much  as  the  former  in  a  given  time. 
When  friction  is  considered  it  is  to  be  seen  that  the  3-in.  pipe 
would  discharge  less  than  one-quarter  as  fast,  because  a 
larger  proportion  of  the  initial  pressure  would  be  lost  in  pipe 
friction,  leaving  less  pressure  available  for  production  of 
velocity. 
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Boiler  Evaporation — How  many  pounds  of  water  can  be 
evaporated  from  one  pound  of  coal  of  a  heat  value  of  12,238 
B.t.u.   per  lb.   in   a  boiler   having  an  eflSciency  of  85   per  cent.? 

P.  J. 
The  heat  units  effective  in  evaporating  water  will  be 

12,238  X  0.85  -  10,402.3  B.t.u. 
The  weight  of  water  evaporated  per  pound  of  coal  would 
depend  upon  the  feed-water  temperature  and  the  boiler  pres- 
sure. These  conditions  are  not  stated.  Whatever  the  condi- 
tions the  equivalent  evaporation,  i.e.,  from  and  at  212  deg.  P. 
and  atmospheric  pressure,  will  be 
10,402.3 

=    10.72  lb. 

970.4 

For  any  other  conditions  this  figure  should  be  divided  by 
the  factor  of  evaporation  applying.  For  instance,  with  a  feed- 
water  temperature  of  200  deg.  F.  and  a  boiler  pressure  of 
100-lb.  gage,  the  factor  of  evaporation  would  be  (from  tables 
in  engineers'  pocketbooks)  1.052  and  the  actual  evaporation 
10.72 

=    10.19    lb. 

1.052 

per  pound   of  coal. 


Indlrating  Through  Drip  Cock.s — To  find  the  indicated 
>rsepower  of  a  slide-valve  engine,  which  is  not  tapped  for 
an  indicator,  can  I  connect  the  indicator  piping  to  the  cylin- 
der-drip   connections    and    get    fairly    accurate    results? 

H.    W.    C. 

While  this  is  not  to  be  recommended  as  regular  practice 
and  is  discouraged  by  instrument  makers,  it  can  be  done 
under  necessity,  but  certain  precautions  must  be  taken  to 
get  reasonably  accurate  diagrams.  Quoting  from  "Inaccura- 
cies of  Indicators,"  by  James  G.  Stewart  ("Power,"  June  17, 
1913.  page  851),  "A  chief  source  of  error  is  the  presence  of 
water  in  the  indicator  or  in  its  connection  with  the  cylinder." 
The  connection,  therefore,  must  be  free  of  water  when  the 
diagram  is  taken.  The  indicator  piping  should  be  attached  to 
a  tee  inserted  between  the  cylinder  and  the  drip  valve.  No 
diagrams  should  be  taken  until  the  cylinder  is  thoroughly 
warmed  up  and  the  engine  is  being  suplied  with  dry  steam. 
Then  the  diagram  should  be  taken  immediately  after  bleed- 
in>f  the  cylinder  of  water. 

Steam  Saved  by  Cnttlne  Off — How  much  less  steam  at 
!)3-lb.  pressure  (gage)  would  be  used  by  cutting  off  at  11  in. 
instead  of  following  full  stroke  in  a  cylinder  16  in.  long  by 
12    in.    diameter? 

R.    S. 
The    cross-sectional    area    of    a    12-in.    diameter    cylinder    is 
113.1     sq.in.       Neglecting    the     space     occupied     by    the    piston 
rod  the  volume  is 

113.1    X    16    =    1809.6    cu.in. 
Cutting    off    at    11    in.    of    the    stroke,     the     volume     of     steam 
would    be 

113.1    X    11    =    1244.1    cu.in. 
The    difference    of    volume    of    steam    following    full    stroke 
and    cutting    off    at    11    in.    of    the    stroke,    therefore,    would    be 
1809.6  —  1244.1    =    565.5   cu.in.. 


1728 


=    0.327 


I. ft. 


Steam   at   93    lb.    per   sq.in.    boiler  pressure   is   at 
93    +    14.7    =    107.7    lb.    absolute. 
From    steam    tables    we    obtain    0.2423    lb.    as    the    weight 
1    eu.ft.   of   steam   at    107.7   lb.    absolute,    so   that   the   weight 
steam    used    would    be 

0.2423    X    0.327  cu.ft.    =    0.0792  lb. 
less  per  stroke  when   cutting  oft  at   11   in. 


Loss  from  ITncovered  Steam  Pipe — What  would  be  the  loss 
per  year,  due  to  radiation,  per  square  foot  of  uncovered  steam 
pipe,  carrying  steam  at  120  lb.  pressure,  absolute,  when  the 
temperature  of  the  air  is  60  deg.  F.  and  the  coal  has  a  heat 
value  of  14,125   Bt.u.   per  lb.   and   costs    $1.25   per   ton? 

W.  A.  R. 
Each  square  foot  of  pipe  surface  would  radiate  about  2V4 
B.t.u.  per  hour  per  degree  difference  of  temperature  between 
the  steam  and  air.  Steam  at  120  lb.  absolute  has  a  tempera- 
ture of  341.3  deg.  F.  The  air  temperature  being  60  deg.,  the 
difference    is 

341.3  —   60    =    281.3    deg.    F. 
and  the  radiation  per  hour 

281.3    X   2.5    =    703.25   B.t.u. 
Per   year   then   it   would   be 

703.25    X    24    X    365    —   6,160,470  B.t.u. 
The  coal  required   would  depend   upon   the  efficiency   of  the 
boiler.      Assuming    70    per    cent.,    for    average    fair    condition^, 
and   the  heat   utilized  per  pound   of  coal   would  be 

14,125    X    0.70   =    9887.5  B.t.u. 
Then   the  coal  equivalent  of  the  heat  lost  through  the  pipe  is 
6,160,470 

623.056  lb. 


or 


9887.5 
623.056 


id  its  cost 


=    0.3115    tons 


0.3115    X    $1.25    =    $0,389  or  38.9c. 


per   square   foot. 


Horsepower  to  .Iceelerate  Hoi.stinK:  Drum — If  the  face  of  a 
hoisting  drum  weighs  SOOO  lb.,  what  will  be  the  horsepower 
required  to  bring  the  speed  of  the  rope  winding  on  this  drum 
from  0  to  1000  ft.  per  min.  in  5  sec?  The  diameter  of  the  drum 
is  10  ft.  and  the  face  width  6  ft.  Neglect  the  weight  of  the 
arms,    hub    and    rope. 


L.  C.  M. 


The   center  of  gravity   of  the  cross-section   of  the 
be   assuined    to'  have   the    same    velocity   as    the    cable 
have  a   final   speed   of  1000  ft.   per  min.   or 
1000 

=   16.667  ft.  per  sec. 

60 
The  kinetic  energy  or  number  of  foot-pounds  of  t 
the    rim    when    it    has    attained    this    velocity    is    give 
formula 

in    which 


then 


M    =    Mass    = 


Acceleration  of  gravity 
Weight    =    8000  lb. 


16.667  ft.  per  se 


SOOO 

K    =    %    X    X    16.667    X    16.667    =    34.550.82   ft.-lb. 

32.16 
With    uniform    expenditure    of    power   during    5    sec.    there 
would  be  uniform  acceleration  and  an  expenditure  of 
34,550.82 
=   6910.16  ft.-lb.  per  sec. 


550 
ed    up  to  1000   ft.   pe 
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Making   a   Flue-Gas  Analysis — Part  V 

Sol.l'  IKIN    I'lll!   CO^ 

The  solutitm  lor  tlu'  fust  piiH'ttc,  to  absorb  the  COj,  is 
caustic  potash  (ilH'inii;\l  iiiiiiic,  potassium  hydrate)  dis- 
solved in  the  proport  imi  of  one  pound  of  caustic  to  21/2 
111.   (-^1/2  pints)   of  waler. 

Perhaps  the  most  coiiveniciil  method  is  to  mix  up  1/2 
lb.  of  the  caustic  at  a  time.  A  good  way  to  do  is  to  fill 
an  ordinai'v  one-quart  milk  bottle  about  five-eighths  full 
of  water  and  add  half  of  the  slicks  in  a  one-pound  pack- 
age of  caustic,  if  you  have  a  ]iair  of  reasonably  accurate 
small  scales,  you  can  weigh  the  bottle  and  then  add  the 
required  l^/i  lb.  of  water,  thus  securing  greater  accuracy 
than  guessing  at  five-eighths  of  a  quart.  A  half  pound 
of  caustic  will  make  a  little  more  than  enough  solution 
for  five  loadings  of  the  pipette.  And  one  loading  of  the 
pipette    is   sufficient   for   about    ;Vi5    analyses    where   the 
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percentage  of  CO^  e.\tra(tcd  each  time  is  12  per  cent. 
Thus,  one  loading  should  last  from  three  months  to  a 
year  or  more,  depending  on  how  often  the  apparatus  is 
used.  The  bottle  coutainmg  the  unused  part  of  the  mix- 
ture should  be  carefully  labeled,  fitted  with  a  cork  or  cover 
and  stored  away  in  a  sale  place.  It  is  safest  to  handle 
the  potash  sticks  with  tcsrs  rather  than  with  the  bare 
hands  because  while  no  harm  will  be  done  if  both  the 
sticks  and  your  hands  are  dry,  a  disagreeable  burn  re- 
sults if  either  ha]ii>ens  to  be  moist.  Use  care  in  handling 
the  solution  when  made  up  because  a  drop  on  the  flesh 
will  bum  and  a  drop  on  clothing,  shoes,  etc.,  will  eat  a 
hole. 

Soi.lTIOX   FOK   OxYGEV 

The  solution  for  the  second  pipette,  to  absorb  the  oxy- 
gen, is  potassium  pyrogallate;  made  by  mixing  pyrogallic 


acid  (which  comes  in  the  form  of  a  powdei-)  with  a  suit 
able  quantity  of  the  eaustic-i)otash  solution  just  de 
scribed.  As  this  solution  absorbs  oxygen  it  will  quickb 
lose  strength  if  exposed  to  the  air;  hence  it  must  be  scalec 
up  as  soon  as  possible. 

A  good  way  to  mix  the  solution  is  to  ])ut  1  oz.  of  tin 
pyrogallic  acid  into  a  quart  bottle,  i)our  in  about  a  jiin 
of  the  caustic  solution  and  immediately  seal  the  lioitli 
air-tight. 

After  loading  the  pipette,  place  the  gooseneck  and  nili 
her  bag  on  the  back  leg  as  quickly  as  possible  to  ex 
elude  the  air.  One  loading  of  the  pipette  will  absorl 
about  200  c.c.  of  oxygen.  Thus,  if  the  average  amoun" 
of  o-xygen  in  the  flue  gases  analyzed  is,  say,  8  per  cent, 
the  solution  would  be  good  for  about  25  analyses. 

Son'Tiox  Eon  CO 

The  solution  for  the  third  ]iipette,  to  absorb  the  ('0 
is  acid  cuprous  chloride.  This  can  be  most  convenienth 
made  as  follows:  Put  enough  copper  oxide  into  i 
quart  bottle  to  make  a  layer  on  the  bottom  I/4  in.  thick 
Put  in  ten  or  a  dozen  lengths  of  Xo.  10  gage  copper  wire 
bare  and  clean,  cut  in  lengths  to  reach  from  the  top  t( 
the  bottom  of  the  bottle.  Then,  fill  the  bottle  with  hydro- 
chloric acid  (hydrochloric  acid  is  simply  equal  parts  watei 
and  muriatic  acid).  Seal  the  bottle  air-tight  and  shake 
it  occasionally  to  hasten  the  reaction.  AVhen  the  solu- 
tion turns  nearly  colorless  (after  about  48  hr.)  it  is  readj 
to  use.  After  some  of  the  solution  has  been  taken  ou1 
to  load  the  pipette,  immediately  add  more  hydrochlori( 
acid  so  as  to  keep  the  bottle  full  all  the  time.  As  the 
copper  wire  and  copper  oxide  gradually  disappear,  adc 
some  of  eac-h  from  time  to  time  so  as  to  constantly  keef 
about  the  usual  amount  in  the  bottle. 

As  this  solution  also  deteriorates  when  exposed  to  tlu 
air,  l)e  sure  to  connect  the  ru])ber  bag  to  the  pipette  a^ 
soon  as  it  is  loaded.  One  loading  of  the  pipette  will  ab- 
sorl) about  100  c.c.  of  CO ;  hence  it  would  be  good  foi 
about  100  analyses  where  the  amount  of  CO  in  the  fluf 
gas  averaged  1  per  cent. 

When  any  of  tlie  solutions  begin  to  show  signs  of  weak- 
ness they  should  immediately  be  renewed  regardless  ol 
the  length  of  time  they  have  been  in  use. 

Takixi;  the  S\iri'LE 

The  best  place  from  whicli  to  take  the  sample  of  fliM 
gas  is  from  the  last  pass,  if  the  boiler  is  a  water-tube,  01 
from  the  connection  between  boiler  and  breeching  if  a 
fire-tube.  Cut  a  length  of  %-iu.  pipe  T,  Fig.  o.  long 
enough  to  extend  half  way  across  the  gas  passage  and  pro- 
ject out  about  6  in.  at  one  side.  Fit  an  elbow  and  ver- 
tical connection  to  this  as  shown.  The  pipe  T  may  be 
inserted  either  through  a  drilled  hole  or  through  some 
existing  opening.  In  either  case,  stop  up  the  hole  or  open- 
ing around  the  pipe  with  waste  or  plastic  asbestos  so  as 
to  prevent  the  danger  of  air  leaking  in  and  spoiling  the 
sample.     Re  sure  that  the  piping  is  made  up  air-tight, 
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aw  tlie  end  U  down  so  that  Y^^-m.  niliber  tnl)ing  can 
pushed  over  it. 

If  instantaneous  flue-gas  readings  are  wanted,  conueet 
J  Orsat  and  the  end  U  by  a  length  of  rubber  tubing  and 
Dceed  to  draw  in  the  sample  as  before  directed. 
II'  a  sample  represenring  a  certain  period  of  opera- 
n  is  desired,  an  arrangement,  such  as  shown  in  Fig. 
may  be  used.  Obtain  two  large  bottles,  such  as  those 
which  spring  water  is  sold,  and  fit  them  with  rubber 
rks,  each  perforated  for  two  glass  tubes.  These  corks 
a  be  secured  from  the  dealer  who  sells  you  the  flue-gas 
paratus.  Then,  fit  each  bottle  with  one  long  glass  tube, 
d  one  short  one  in  the  manner  shown.  If  the  top  of 
3h  glass  tube  is  heated  and  bent  over,  as  shown  at  a.  the 
bber  tubing  is  not  so  likely  to  kink  u|)  and  stop  tlie 
w  of  water. 


Fic.  (i.    Ai;i;AX(iKiU;xT  of  Samplixo   Botti.ks  axd 
Apparatus 

Fill  one  bottle  full  and  the  other  about  one-eighth  full 
j  water.  Connect  the  long  tube  of  each  bottle  witb  a 
igth  of  rubber  tubing  about  6  ft.  long;  connect  each 
prt  tube  with  a  length  of  rubber  tubing  about  I'i  In  IS 
L  long  and  in  the  end  of  these  short  lengths  inscil  a 
ass-tube  nipple,  4  to  6  in.  long,  as  shown. 
Arrange  the  bottles  one  above  the  other,  as  slidwn  in 
g.  5,  and  let  water  siphon  into  the  lower  bottb'  until 

is  full  and  water  begins  to  run  out  at  b.  Then,  set 
ach  cock  c  and  reverse  the  bottles,  connecting  h  with 
p  tubing  d.  Before  doing  tliis,  however,  apply  the  snuUI 
nd  pump,  which  comes  with  the  flue-gas  apparatus,  to 
'e  end  of  the  tubing  d  and  expel  all  the  air  in  the  pip- 
k;  then,  set  a  pinch  cock  on  d  as  close  to  the  lower  end 

possible,  ir  these  directions  are  followed  clo.sely,  very 
tie  or  no  air  will  get  into  the  system  to  make  the  sam- 
|3  unfair. 


Now,  release  all  pinch  cocks  and  allow  the  water  to 
siphon  from  the  upper  to  the  lower  bottle.  This  causes 
a  vacuum  in  the  upper  bottle  which  draws  in  the  gas  from 
the  boiler. 

By  heating  the  end  n\'  duc  <ir  the  long  glass  tubes  and 
drawing  it  down  to  a  liiiei-  oii(>ning,  a  longer  time  will 
be  required  to  siphon  the  water  over  and  hence  to  fill 
the  upper  bottle  with  gas.  1  f,  for  instance,  an  8-hr. 
sample  is  desired,  a  little  experimenting  with  the  size 
of  opening  in  the  glass  tube  will  result  in  getting  the 
time  of  water  flow  about  correct.  Of  course,  as  it  is  not 
necessary  to  have  more  than  perhaps  a  quarter  of  a  bot- 
tle full  of  gas,  the  length  of  time  required  for  the  water 
to  siphon  over  does  not  matter  much,  provided  it  is  longer 
than  the  length  of  the  test  desired. 

When  the  desired  gas  sample  has  been  drawn  into  tlie 
upper  bottle,  set  all  pinch  cocks  and  arrange  the  bot- 
tles, as  shown  in  Fig.  (i,  the  one  full  of  water  slightly 
higher  than  the  other.  With  this  arrangement  the  gas  is 
under  a  slight  pressure  and  if  the  system  is  accidentally 
opened,  gas  will  escape,  but  no  air  will  leak  in  to  spoil 
the  sample.  Connect  the  gas  bottle  with  the  flue-gas  ap- 
paratus, as  shown,  and  proceed  with  the  analysis  as  ex- 
plained in  previous  paragraphs. 

As  water  absorbs  CO.,,  the  water  in  the  collecting  bot- 
tles should  be  saturated  with  gas  before  samples  for  test- 
ing are  collected.  This  can  be  done  by  drawing  some  gas 
first  into  one  bottle,  then  into  the  other 'and  allowing  it 
to  stand  for  some  time,  shaking  the  ])(jttles  now  and  then 
to  induce  complete  saturation. 

CaKI-;    of    Al'I'AIIATfS 

In  course  of  time  the  rulibei'  lulling  and  ronnections 
used  with  the  Orsat  will  bernine  hard  and  iriuk,  when 
they  will  need  renewing. 

The  caustic  will  affect  the  glass  pipettes.  Hence,  if  the 
ii]i|>ni-atus  is  nfit  to  be  used  for  some  length  of  time,  it  i:^ 
well  to  empty  the  aiiparatus  before  storing  it   in\:iy. 

The  glass  stop  cocks  must  be  kept  clean  or  they  will  not 
remain  air-tight.  Also,  if  tliey  are  nol  luln-iiated  fre- 
quently, they  may  bec(Jine  stuik  and  cause  troulile.  A 
good  lubricant  to  use  is  \aselinc.  This  point  should  be 
;ittended  to  frequently  if  trdiiblc  is  tn  be  avoided. 

16  Lb.  per  Hp.-Hr.  Noncondensing 

On  .Vpr.  !),  lilKi.  F.  W.  Dean,  of  iioston,  conducted  a 
trial  of  one  hour's  duration  on  a  Lent/,  simple  horizontal 
noncondensing  engine  erected  at  tlie  plant  of  the  Erie 
City  Iron  Works  for  the  pui'iiose  of  testing  with  super- 
heated steam.  The  engii:c  drcnc  an  electric  generator  by 
means  of  a  belt,  and  the  (  ni'i'eni  was  absorlied  by  a  water 
rheostat. 

The  exhaust  steam  was  condi'n.><ed  at  atmospheric  pres- 
sure by  passing  it  through  four  Erie  feed-water  heaters, 
through  the  coils  of  which  cold  water  was  run.  This  was 
done  for  the  ])urpose  of  weighing  the  exhaust  in  barrels 
resting  upon  platform  scales.  The  steam  was  so  perfectly 
condensed  that  only  a  liilling  (|ii,intity  nl  \apor  escaped, 
so  small  that  it  wnuld  nol  alTeit  Ihe  ri'snlt  by  a  measur- 
able quantity.  It  was  {'(Uiml  by  examination  thai  no  water 
leaked    into  the   exhaust    troni   the   condensiMg   sui)ply. 

The  revolutions  of  I  be  engine  were  determined  liy  a 
rounter  worked  from  llic  valve-gear.  The  indicator  re- 
ducing motion  was  piMclically  correct.     The  tem]>erature 
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and  pressure  of  the  steam  were  taken  from  the  .steam 
chest  of  the  cylinder,  the  former  by  a  refined  stem  gradu- 
ated thermometer  and  the  latter  by  a  test  gage.  Tlio 
scales  were  carefully  tested  by  means  of  standard  weights 
and  made  correct. 

The  indicator  diagrams  were  taken  every  10  min.  with 
a  Crosby  inside-spring  indicator,  and  all  other  readings 
at  the  same  intervals,  except  the  water  records.  There 
were  two  weighing  barrels  and  each  was  allowed  to  fill 
until  the  scale  beam  tipped,  the  other  barrel  being  mean- 
while emptied. 

The  test  lasted  one  hour  only,  and  the  data  were  com- 
plete for  that  hour.  It  would  have  been  longer  if  the 
generator  had  not  begun  to  burn  out  toward  the  end  of 
the  second  hour.  Concerning  the  accuracy  of  a  test  of 
such  short  duration,  as  the  engine  was  run  for  some  time 
before  the  test  began,  it  was  properly  heated,  and  the 
weight  of  condensed  steam  can  be  determined  with  the 
greatest  accuracy  in  the  manner  described. 

After  the  test  was  over  the  cylinder  head  was  removed 
and  the  diameter  of  the  cylinder  and  the  stroke  of  the 
piston  measured,  with  the  following  results :  Diameter 
of  cylinder,  19.167  in. ;  stroke  of  piston,  21  in. ;  diameter 
of  piston  rod,  4  in.  The  pressure,  temperature  and  super- 
heat of  the  steam  were  as  follows: 

Time,  p.m.  Press.,  lb.              Temp.,  (leg.  F.        Superhe.at,  deg.  F. 

1  :  50  13.5  420  61 

2  :  00  133  444  87 
2  :  10  133  460  103 
2  :  20  134  456  98 
2 :  30  133  456  99 
2  :  40  131  456  100 
2  ;  50  132  458  101 

Averages  133  450  92.7 

The  average  temperature  of  the  exhaust  steam  was 
210.5  deg.  F.  The  barometer  was  39.59  in.  The  exhaust 
pressure  absolute  was  about  16.2  lb.,  the  temperature  of 
which,  if  saturated,  would  be  about  217  deg.  As  the  tem- 
perature of  the  exhaust  was  below  this  it  follows  that  no 
superheat  was  left  in  the  steam  when  it  entered  the  ex- 
haust pipe. 

RESULTS  OF  TEST 

Spring  60 

Average  Average  Areas  Average  Length  Horsepower 

r.p.m.         Head  Card     Crank  Card      Both  Cards  Head  Crank 

206,18      2.464  sq.in.    2.448  sq.in.  3.66  in.  127.4  121.1 

Total  average  horsepower 248. 5 

Steam  used  in  hour,  lb 4008 

Steam  used  per  hp.-hr,  lb 16. 13 

During  the  portion  of  the  second  hour  while  the  test 
lasted  the  superheat  was  about  119  deg.,  and  the  economy 
was  about  16.03  lb.  Assuming  an  initial  pressure  of  148 
lb.  abs.,  92.7  deg.  F.  superheat,  and  exhaust  at  217  deg., 
the  Rankine  efficiency  at  16.13  lb.  would  be  91.5  per  cent., 
and  at  16.03  lb.,  and  with  the  119  deg.  superheat,  a  little 
over  90  per  cent.  These  results  are  remarkable  and  per- 
haps the  best  that  have  ever  been  obtained  from  a  sim- 
ple noncondensing  engine.  According  to  Mr.  Dean  the 
engine  ran  perfectly  and  the  valve-gear  left  nothing  to  be 
desired. 

The  Lighting  Rates  Committee  of  the  board  of  supervisors 
of  San  Francisco  has  recommended  that  the  ordinance  estab- 
lishing rates  for  electric  current  for  the  next  year  shall  em- 
body a  reduction  in  the  rate  for  lighting  in  residences  and 
apartment  houses  from  eight  cents  a  kilowatt-hour  to  six 
cents  a  kilowatt-hour.  It  is  estimated  that  this  would  mean 
a  reduction  of  $250,000  in  revenue  to  electric  companies  of 
the  city  based  on  the  business  of  the  present  year.  The 
Committee  also  recommends  a  reduction  in  the  minimum 
charge  for  electric  current  from  $1  to  75  cents  a  month.  In 
addition  the  committee  has  reported  that  the  present  gas  rate 
of  75  cents  a  thousand  cubic  feet  should  remain  in  force. — 
"Electrical   Review    &   Western    Electrician." 


OVER    THE    SPILLWAY 

Ji:ST      JESTS,     JABS,     JOSHES     AND     JUMBLES 


How  would  you  like  a  big  high  one  Just  this  very  nnii 
ute?  You  know,  when  the  light  is  flashing  out  all  those  ra> 
of  beautiful  amber  tint,  and  the  creamy  foam  is  billowi 
lovingly  on  the  crest  of  the  glass,  and  tiny  diamond-lik 
beads  cling  to  its  sides,  and  your  shirt  collar  is  thrown  \i:ir] 
and  your  old  carpet  slippers  dangle  on  one  toe,  and  the  wi 
low  rocker  just  fits,  and  the  pipe  draws  right  and  tt 
thermometer   is  climbing  up  in  the   nineties,  and — 

Say.  son,  there's  nothing  more  satisfying  to  a  200-h 
thirst  than  a  glass  of  good  ice-cooled  sarsaparilla — unless  it 
what  you  thought  we  meant  when  we  first  started  this. 

Seats  in  the  New  York  Stock  Exchange  have  shrunk  ov. 
sixty  millions,  remarks  "Collier's  Weekly,"  and  the  commi 
people  have  got  Wall  Street's  goat.  Give  a  sturdy  gentlem  / 
goat  half  a  chance,  and  most  any  seat  ^vill  shrink;  he  pl:i;, 
the  game  where  all  the  butting  in  is  kept  to  himself.  Evi  i  > 
thing  seems  to  be  shrinking  these  days,  even  the  weathe 
Why  not  seats? 


A  Welsh  coal  king's  daughter  has  been  arrested  as  a  mili- 
tant firebug.  Looks  like  girlie  got  the  wrong  slant  on  what 
constitutes  a  proper  product  of  combustion. 


Wilbur  Smith,  over  to  Alton,  111.,  tips  us  off  to  a  St.  Louis 
furniture  concern's  method  of  mingling  education  with  busi- 
ness. "For  $1  down  and  $1  a  month,  a  man  can  buy  a  book- 
case filled  with  choice  books;  the  books  are  thrown  in." 
Wilbur  says  this  scheme  may  help  every  engineer  to  a 
library  without  the  bother  of  selection.  Says  he;  "Who  can 
select  it  better  than  his  furniture  man?  Just  send  him  the 
color  of  your  carpet  and  the  wallpaper,  and  he  does  the 
rest." 


In  an  endeavor  to  help  "the  poor  begrimed  engineei-"  in 
his  struggle  with  the  examiners,  John  S.  Myers  gives  this  list 
of  Q's  and  A's.  They  may  cheer  us  up.  whatever  else  they 
might  do: 

Q.  Of  what  use  is  a  steam  dome  on  a  boiler?  A.  To 
catch  the  steam. 

Q.  Of  what  use  is  a  mud  drum  on  a  boiler?  A.  To  catch 
the  mud.      (Don't  mix  my  answers  to  the  last  two  questions.) 

Q.  What  precautions  should  the  engineer  take  when  nec- 
essary to  stop,  with  heavy  fires?  A.  If  he  was  firing  with 
natural  gas  the  proper  thing  would  be  to  shut  off  the  gas, 
if  firing  with  the  usual  fuels  he  should  take  the  usual  pre- 
cautions. 

Q.  When  should  a  boiler  be  blown  out?  A.  When  y"u 
don't  need   the   steam  for  other  purposes. 

Q.  When  laying  up  a  boiler,  what  should  be  done?  A. 
"Laying  up"  is  against  the  laws  of  gravitation.  Don't  try 
it;  it  can't  be  did. 

Q.  How  do  you  find  the  horsepower  of  an  engine?  X. 
It  is  usually  found  about  as  specified  and  guaranteed,  it  is 
sometimes  marked  on  the  nameplate.  the  builders  will  usu- 
ally answer  a  polite  inquiry  or,  if  you  hanker  after  personal 
investigation,  use  an  indicator,  a  planimeter  and  a  slide  rule 
and  figure  it  out.  This  is  the  scientific  PLAN.  If  not  satis- 
fied  then,   see   how   big  a  load   it   will   pull. 

Q.   How  much  wood  equals  one  ton  of  soft  coal  for  st' ;     i 
purposes?      A.  That    depends    upon    the    wood    and    the    i. 
man. 

Q.   What  is  vacuum?  A.  Nothing  much.  I  don't  guess. 

Q.    What  is  meant  by   triple-expansion   engine?     A.     Some- 
thing  like   a    three    bagger,    only   different.      The    batter   goes 
three-quarter  ways    round    on   one    hit   while   the    steam   gets  ^ 
three  hits  and  makes  three  home  runs. 

Q.   Is   there   any   danger  of  a   well   fitted  and    tightly  keyed  I 
flywheel     coming     loose?       A.   Lord     protect     us     if     there     is! 
There's  enough  danger  from   the  other  variety. 

Q.  Where  is  the  dead  center  of  an  engine?  The  point  of 
stroke  where  the  oiler  cusses  like  a  pirate  when  the  en- 
gine   stops  there. 

Q.  Can  you  explain  the  term  clearance?  A.  I  can,  but  I've 
run  out  of  paper;  besides,  you  only  asked  me  could  I?  Be- 
lieve me!  I  can  do  it.  If  you  really  want  to  know  what 
clearance  is,  come  around  to  the  power  house  some  day  and 
I'll    tell    you. 
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Loose  Liner  in  Cylinder  Causes 
Severe  Knock 

By  IlEiasEKT  E.  Collins 

While  serving  as  refrigerating  engineer  aboard  the 
ird  Line  S.S.  "Mexico,"  an  interesting  breakdown  of 
e  of  the  main  engines  occurred.  The  ship  was  pro- 
lled  by  two  triple-expansion  engines  and  the  28-in. 
imeter  higli-pressnre  cylinder  of  the  poi't  engine  was 
i  seat  of  the  trouble.  The  cylinder  was  constructed,  as 
own  in  the  sketch,  with  a  liner  A,  which  formed  the 
ill  of  the  cylinder.  A  tail  rod  extended  through  a  stufE- 
^-box  in  the  cylinder  head. 

An  elusive  knock  developed  in  this  cylinder  which  was 
ought  to  be  caused  by  a  shoulder  on  the  tail  rod  at  the 
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ilNGiNE  Cylinder,   Showing  Liner  That  Worked 
Loose 

id  of  its  downward  travel.  This  shoulder  was  dressed 
)wn  with  an  oil  stone,  but  as  soon  as  the  engine  became 
arm  on  leaving  port,  the  knock  returned.  Many  pos- 
ble  explanations  as  to  its  cause  were  offered. 
On  the  voyage  in  question,  on  the  morning  of  the  third 
ly  out  of  New  York,  the  knock  had  increased  until  it 
iunded  like  the  blows  of  a  trip  hammer  and  became 
uder  and  louder.  The  engineer  on  watch  was  standing 
?ar  the  throttle  lever  when  suddenly  the  sound  ceased 
together  and  comparative  silence  ensued  for  a  few  revo- 
tions.  This  startled  the  engineer  into  releasing  the 
amp  on  the  throttle  lever  and  he  was  still  standing  with 
16  lever  in  his  banc!  when  the  knock  returned  with  a 
■ash  that  could  be  heard  in  every  part  of  the  ship.  The 
igine  was  immediately  shut  down,  and  we  proceeded 
ith  the  starboard  engine,  while  the  high-pressure  cylin- 
3r  head  of  the  port  engine  was  removed,  and  the  cause 


of  the  trouble  became  apparent.  The  lining  of  the  cyl- 
inder had  worked  loose,  it  having  been  merely  forced  into 
place  and  not  secured  in  any  way.  It  was  this  liner 
gradually  becoming  looser  and  looser  and  being  raised 
by  the  piston  on  its  upward  stroke  and  then  slammed 
down  against  tlie  cylinder  bottom  wliich  caused  the  in- 
creasing knock.  There  was  a  space  of  %  in.  between  the 
top  of  the  liner  and  the  bottom  of  the  counter  bore  in 
the  cylinder  head,  as  shown  at  B.  This  gradual  loosen- 
ing went  on  until  the  liner  became  adrift  altogether  and 
raising  with  the  piston  it  jammed  at  the  top  of  its  travel 
for  a  few  revolutions,  causing  the  cessation  of  the  knock, 
after  which  it  proceeded  to  move  with  the  piston  once 
more,  and  to  slam  alternately  against  the  cylinder  head 
and  the  bottom  of  the  cylinder. 

The  first  assistant  engineer  made  the  repair  in  a  very 
simple  and  effective  manner.  Four  holes  were  drilled  in 
the  plug  of  the  cylinder  head  near  its  circumference  and 
tapped  for  %-in.  bolts.  In  the  meantime  bolts  were 
threaded  clear  to  their  heads  and  when  they  were  screwed 
into  the  holes  the  depth  of  their  heads  was  found  to  equal 
the  space  B,  as  shown  at  C,  and  upon  the  head  being  re- 
placed, and  the  engine  started,  the  repair  was  found  to  be 
satisfactory.  Although  the  liner  was  firmly  secured  in  its 
place  on  our  arrival  at  New  York,  it  was  not  at  all  neces- 
sary, as  the  temporary  repair  would  have  done  as  a  perma- 
nent one. 


Power  Costs  at  Worcester  Con- 
solidated Plant 

In  connection  with  a  report  on  operating  conditions  up- 
on the  Worcester  Consolidated  Street  Kailway,  data  are 
presented  on  the  cost  of  power  production  at  the  com- 
pany's generating  plant  at  Millbury.  This  plant,  states 
the  Electric  RaUway  Journal,  is  the  most  modern  street- 
railway  generating  station  in  central  Massachusetts  and 
at  present  contains  four  Edgeworth  820-hp.  boilers  with 
Murphy  stokers,  two  300-kw.,  600-volt,  direct-current 
generators  driven  by  horizontal  compound-condensing  en- 
gines, and  a  5000-kw.  steam-turbo  unit,  supplying  the 
Worcester  system  through  step-up  transformers  and  two 
13,000-volt  lines  carried  on  steel  towers  to  a  3000-kw.  sub- 
station at  Madison  Square,  Worcester,  6.5  miles  distant. 
The  operating  steam  pressure  is  185  lb.  The  cost  of  op- 
eration taken  from  the  station  log  on  Feb.  18,  1913,  was 
as  follows : 

Labor; 

Two  machinists    $5.00 

Three  engineers    14.30 

Three  laborers .  §  •  "0 

Three  helpers    12.00 

Six  firemen   H-^9 

Three   water   tenders 6.7.') 

Three  coal  laborers 5.25 

Total    labor    cost $53 .  SO 

Total  cost  of  fuel  and  supplies 337  .  72 

Total   cost   of   manufacture $391.52 

Total  cost   of  manufacture  per  kw.-hr '.  .  .  0.67 

Kw.-hr.    output     57,448 


It  is  proposed  that  the  water  brouKht  to  Madrid.  Spain, 
by  the  Isabel  II  Canal  be  utilized  for  the  production  of  elec- 
tricity. It  is  estimated  that  3000  hp.  can  be  developed  and 
sold,  and  the  receipts  used  to  reduce  the  price  of  water  to 
the  ultimate  consumer.  It  is  thought  that  five  or  six  years 
will  be  required  to  complete  the  Puenteviejas  waterworks. 
When  this  is  finished  the  two  plants  will  have  a  storage  ca- 
pacity of  2,155,000,000  cu.ft.  and  a  minimum  of  9000  hp.  can 
be  developed. 


108 


r  0  W  E  R 


Vol.  38,  No. 


Lanz  Counterflovv  Superheater 

1>Y   l)i;.  Ai.FiiKi)  CiiADKXwrrz 
Tliu   oew  Lanz   cuunluriiow  .supurheatcr,   with   bypass 
flue,  has  been  designed  to  iitilize  the  heat  in  the  flue 
gases  as  inucli  as  possible  by  using  the  icjunlei-now  pi'iii- 


ciple.  (-'losed  loops  are  avoided  m  arranging  the  serpen- 
tines, as  the  superheater  coils  are  called,  thus  avoiding 
water  pockets,  and  at  the  same  time  not  interfering  witli 
the  ready  access  to  the  smoke  tubes  and  tightening  screws 
of  the  tube  system.  Means  are  provided  for  quicklj 
mounting    and    dis-monnting    the    su))erheatcr,    throwinj 


Fig    1.    HoiiSESHOE  Slteuheatek  fok  Lakue-Size       Fig.  2.  Kouxd  Srpi:iuiEATER  foh  Small-  or  Medil-h- 
PORTABLE  Steam  Engine  Size  Portable  Steam  Engine 


Fig.  3.  Bound  Type  of  Superheater  in  Position      Fig.  -i.  Horseshoe  Type  of  Superheater  in  Position 
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'[  out  of  operation  whenever  desired,  and  controlling  at 
ill  the  degree  of  superheat. 

This  superheater  comprises  a  douhle-section  annular 
isket  of  parallel  horizontal  serpentines  which  terminate 
:  the  top  and  bottom  in  a  wrottght-iron  steam-collector 
ibe.  A  removable  drum  locks  the  superheater  against 
le  interior  of  the  smoke  box,  and  compels  the  furnace 
ises  to  follow  a  given  course. 

In  the  case  of  portable  steam  engines,  having  sheet- 
letal  chimneys  fitted  on  the  smoke  box,  the  flue  gases 
■oni  the  boiler  tubes  go  in  a  downward  direction,  and 
fter  dividing  to  the  left  and  right,  encompass  the  super- 
eater  sei-pentines  in  an  upward  direction,  and  escape 
)  the  stack.  The  steam  from  the  boiler  enters  the  top 
[  the  superheater,  and  traversing  the  serpentines  in  a 
invnward  direction,  passes  as  superheated  steam  from 
le  lower  collector  tube  into  the  high-pressure  eyliiuler. 
'he  steam  and  hot  gases  are  thus  directed  in  a  counter- 
ow,  which  insures  high  thermal  efficiency. 

In  medium-  and  large-sized  portable  steam  engines,  the 
ue  gases,  after  leaving  the  superheater,  arc  led  dowu- 
■ard  into  a  smoke  channel  and  thence  to  the  chimney. 
n  this  case  the  position  of  the  drum  is  inverted  and  the 
moke  gases  are  at  first  directed  upward,  so  as  to  flow 
nnid  the  superheater  serpentines  in  a  downward  diree- 
iun.  The  steam  enters  the  superheater  from  the  bot- 
om,  and  passes  from  the  top  to  the  engine,  so  that  the 
ounterflow  principle  is  maintained. 

The  superheaters  are  made  in  two  types  of  high-grade 
rawn-steel  tubes.  Small-  and  medium-sized  portable 
team  engines  are  jDrovidtd  with  round  superheaters.  Fig. 
,  fitted  into  the  circular  smoke  box.  In  the  case  of 
irge-size  steam  engines  a  horseshoe-shaped  type  of 
uperheater.  Fig.  2,  is  used,  which  at  its  lower  end  pene- 
rates  into  a  masonry  extension  of  the  smoke  box,  resting 
n  rollers  and  rails.  The  drum  in  this  case  is  made  of 
gveral  sections,  thus  facilitating  its  removal.  Figs.  3 
nd  i  illustrate  the  round  and  horseshoe  types  of  super- 
eaters  in  position. 

The  most  striking  advantage  of  the  superheater  is  the 
atented  arrangement  of  the  superheater  tubes,  which 
ise  continually  in  horizontal  serpentines,  without  form- 
ug  water  pockets,  thus  eliminating  any  risk  of  water- 
ammers.  The  precipitated  water  of  the  superheater 
ows  by  gravity  to  the  lower  steaui-coUector  tube,  to  Ije 
ischarged  through  a  cock. 

In  the  case  of  large-size  superheaters  the  lower  part 
■  specially  designed  as  a  collector  for  tiie  flue  dust  which, 
liding  on  an  inclined  plane  down  \o  a  discharge  door, 
5  readily  discharged  during  operation.  This  inclined 
lane  comprises  a  valve  actuated  from  outside,  by  means 
f  which  part  or  all  of  the  flue  gases  can  be  directed  im- 
lediately  into  the  chimney  or  the  smoke  channel,  thus 
llowing  the  superheater  during  operation  to  be  wholly 
r  partlv  cut  out,  and  the  degree  of  superheat  controlled 
t  will.  ' 

The  superheater  is  cleaned  by  a  steam-jet  lilower,  the 
3ot  being  discharged  from  the  bottom  through  the  dis- 
harge  door,  or  in  the  case  of  the  round  type  of  super- 
eater,  tlirough  a  door  in  the  smoke-box  bottom. 

The  superheater  is  easily  removed,  after,  loosening  two 
anges  and  the  smoke-box  bottom,  by  withdrawing  it  end- 
■ise  through  the  front  of  tlu'  smoke-box  and  all  parts 
re  thus  made  readily  accessible. 


Welding  Locomotive  Boiler  Tubes 

At  the  annual  convention  of  the  American  liailway 
Master  Mechanics'  Association,  held  in  Atlantic  City  on 
June  11  to  13,  the  committee  on  Designs,  Construction 
and  Insj^ection  of  Locomotive  Boilers  presented  an  in- 
teresting report  dealing  mostly  with  the  maintenance  of 
locomotive  boilers.  The  committee  had  been  instructed 
to  investigate  the  J'csults  obtained  by  electric  welding 
and  it  also  included  results  obtained  by  the  oxyacetylene 
process.     P].\tracts  from  the  report  follow: 

A  road  using  the  oxyacetylene  process  welded  in  a  num- 
ber of  small  tubes  and  omitted  copper  ferrules,  as  with 
them  they  could  not  make  satisfactory  welds.  The  tube 
sheet  was  prepared,  as  shown  in  Fig.  1.  View  .1  sluiws 
a  tube  projecting  through  the  sheet  far  enough  so  that 
when  finished  the  beads  will  be  the  same  size  as  when 
beaded  in  the  regular  numner.  View  B  shows  the  tube 
after  being  welded.  The  sanu'  road  also  experimented 
with  flues  welded,  as  slmwii  in  Fig.  2.  The  tubes  were 
allowed  to  extend  through  the  sheet  j\  in.,  as  at  .1 ,  and 
were  prossered  and  then  welded  as  at  B,  after  which  a 
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beadiug  tool  was  used  to  snioddi  up  llic  bead.  These  flues 
have  been  in  service  only  a  sIkuI  time  b\it  so  far  have  been 
satisfactory. 

Another  road  using  the  oxyacetylene  process  for  weld- 
ing believes  that  the  coi)per  ferrules  are  not  necessary. 
The  flue  sheet  is  prepared  as  follows:  The  old  flue  hav- 
ing been  removed,  the  first  operation  is  to  draw  the  cen- 
ters of  the  back -and  front  flue  sheets  toward  each  other. 
The  center  of  the  back  sheet  is  drawn  forward  about  1% 
in.  and  the  front  sheet  about  IV2  in.  This  is  accom- 
plished by  applying  11  stay-rods  distributed  in  a  circle 
abou't  214  ft.  in  diameter,  one  of  the  rods  l)eing  localcd 
in  the  center.  While  these  rods  arc  under  tension  Ibe 
back  flue  sheet  is  annealed  around  the  edges  by  an  oil 
torch.  The  rods  are  then  removed  and  there  is  a  perma- 
nent dish  in  the  back  sheet  of  about  li/l  in.,  and  in  the 
front  sheet  of  1%  in.  The  holes  are  tlien  countersunk 
on  the  fire  side  to  a  depth  of  Vi  in-  The  flu(>s  are  set 
in  place  projecting  Vs  in-  beyond  the  flue  sheet,  and  are 
then  rolled  and  welded. 

One  road  had  considerable  difficulty  with  (be  large 
su]ierlieater  tubes  in  the  back  flue  sheet.  One  engine 
which  had  a  flue  mileage  of  7."i.00n  was  l>r()UL!lil  to  the 
sho])  and  the  large  flues  welded  electrically.  Xdlliing  was 
done  to  the  flues  or  beads  except  to  clean  (hem  befcu-e 
welding.  These  flues  were  originally  provided  wilb  cop- 
per ferrules.  Metal  was  built  arouiul  the  licad.  as  shown 
in  Fig.  3.  and  the  weld  was  made  from  tlu'  edge  of  the 
bead  to  the  sheet.  The  reason  that  the  ferrules  and  flues 
were  prossered  and  rolled  was  that  the  welding  was  more 
in  the  luiturc  of  nu  experiment  ai"l  uroved  so  successful 
that   the   melbod   was  contiimed.     'I''lie  einrine  was  placed 
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iu  servic'L'  and  has  made  1-1,000  miles  without  giving  any 
flue  trouble. 

From  the  reports  received  from  different  roads  it  was 
apparent  that  considerable  difficulty  is  experienced  in 
welding  flues  by  the  oxyacetylene  process,  while  with  the 
electric  process  siitisfactory  results  are  obtained.  One 
road  especially  tried  out  both  methods  and  has  adopted 
the  electric  process  for  standard  practice. 

From  cost  figures  given  in  the  report  it  was  shown  that 
the  cost  of  welding  flues  electrically  is  cheaper  than  by 
the  oxyacetylene  process.  The  cost  per  flue  is  increased 
if  the  weld  is  made  after  the  flues  are  set  in  the  regular 
manner,  but  the  maintenance  cost  is  almost  entirely 
eliminated  and  the  engines  can  be  kept  in  service  a 
greater  length  of  time.  Present  indications  are  that 
tlie  flues  can  be  run  the  three-year  limit  without  removal. 

Bristol's  Float-Type  Recording 
Differential-Pressure  Gage 

This  new  float-type  differential  recorder.  Fig.  1, 
been  tested  out  under  practical  operating  conditions, 
was  invented  and  developed  by  Prof.  W.  H.  Bristol  and 
is  manufactured  by  the  Bristol  Co.,  Waterbury,  Conn.,  to 
meet  requirements  for  wjiich  the  spring-pressure  types  of 
differential  recorders  are  not  suitable,  that  is  for  very 
low  ranges  of  differential  pressure  in  air,  gases,  liquids  or 
steam,  for  applications  where  the  static  and  differential 
])ressures  fluctuate  rapidly,  and  also  to  satisfy  the  demand 
for  instruments  to  record  the  rate  of  flow  or  volume  di- 
rectly -on  charts  having  uniform  graduations  in  units  of 
flow  or  volume. 

The  construction  and  principle  of  operation  of  the  in- 
strument will  be  understood  by  referring  to  the  sectional 
diagram,  Fig.2.    There  are  two  pressure  chambers  A  and 


has 
It 


Fig.  1.    Float-Type  Hecording  "HiFFEREyTiAL- 
Pressure  Gage 

B  intercommunicating  through  the  connection  C.  A  cylin- 
drical float  D  is  located  in  the  pressure  casing  .4,  and  is 
connected  by  arms  to  the  shaft  F.  which  extends  through 
the  casing,  and  to  which  the  recording  arm  G  is  directly 
connected. 

Connection  is  made  by  the  pipes  H  and  I  between  the 
pressure  chamber  A   and  B  and  the  two  pressures  the 


dift'erence  of  which  is  to  be  recorded.  Mercury  or  water 
is  employed  in  the  pressure  chambers,  according  to 
whether  the  differential  range  to  be  recorded  is  high  or 
low.  When  the  higher  pres.sure  is  applied  to  the  cham- 
ber B  through  the  pipe  /,  the  level  of  the  liquid  in  this 
chamber  is  lowered  and  that  in  the  float  chamber  is  raised, 
carrying  the  float  and  the  attached  recorder  arm  with  it, 
thus  making  a  record  on  a  circular  chart  as  it  is  revolved 
by  a  special  clock  at  the  desired  speed. 

By  making  the  cross-sections  of  the  pressure  chamber  B 


Fig.  2.    Sectiox  through  Gage 

of  certain  proportions,  it  is  possible  to  produce  a  scale 
whose  graduations  are  uniform  for  equal  increments  of 
flow  or  volume.  The  Bristol-Duraud  radii-averaging  in- 
strument can,  therefore,  be  used  to  obtain  a  total  flow 
or  volume  from  the  chart  record  of  this  instrument  for 
a  period  of  34  hr. 

As  these  gages  will  operate  on  extremely  low  differ- 
ential ranges  they  are  particularly  well  adapted  for  use 
in  connection  with  Pitot  tubes  for  recording  volumes  of 
liquids,  air  or  gases. 

The  chart  used  is  graduated  in  thousands  of  cubic  feet 
of  gas  per  hour,  the  range  being  from  0  to  500,000  cu.ft. 
per  hr.  The  working  part  of  the  chart  above  150,000  > 
provided  with  uniform  volume  graduations. 

This  instrument  may  be  used  to  record  the  head  oi 
water  in  tanks  under  varying  pressure,  as,  for  instance, 
height  of  water  in  steam  boilers  and  heaters.  Another 
special  application  is  that  of  recording  the  flow  of  water 
through  a  notch  or  over  a  weir,  even  though  the  liquid  is 
under  pressure  or  a  vacuum. 


In  the  United  States  steam-railroad  electrification  is  n 
in  operation  or  in  course  of  construction  on  1645.3  miles 
single  track,  and  about  1250  miles  in  addition  have  been  ap- 
proved for  electrification.  The  first  such  work  was  done  by 
the  Baltimore  &  Ohio  at  Baltimore  in  1S95.  The  greatest 
mileage  of  the  1645.3  miles  owned  by  any  one  railroad  is 
that  of  the  New  York,  New  Haven  &  Hartford,  594.8  miles,  of 
which  104.4  miles  is  or  will  be  operated  by  low-voltage  di- 
rect current,  and  490.4  by  high-voltage  single-phase.  The 
New  York  Central  and  the  Pennsylvania  systems  each  con- 
tribute about  400  miles  to  the  total,  using  the  low-voltage  di- 
rect-current system.  The  Butte,  Anaconda  &  Pacific  and  the 
Southern  Pacific  each  have  about  90  miles  under  high-voltage 
direct   current. 
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Pennsylvania  N.  A.  S.  E.  Convention 

Thi-  14th  annual  convention  of  the  Pennsylvania  State  As- 
sociation of  the  National  Association  of  Stationary  Engineers 
opened  at  Chester,  Penn..  on  June  27,  in  the  main  auditorium 
of  the  Young  Men's  Christian  Association  building.  It  was 
about  11  o'clock  when  the  session  was  called  to  order  by  N. 
D.  Orms,  the  president,  of  Johnstown.  About  50  delegates 
were  present. 

The  address  of  welcome  was  made  by  Mayor  William 
Ward,  Jr.,  who  assured  the  visitors  that  Chester  extended 
the  glad  hand  of  hospitality  to  them  and  felt  honored  by  their 
presence.  He  expressed  the  hope  that  they  would  fully  enjoy 
themselves  during  their  two  days'  stay  in  the  oldest  town  in 
the   Keystone   State. 

The  response  was  made  by  Samuel  B.  Porse,  treasurer  of 
the  state  association.  Remarks  were  also  made  by  Albert 
N.  Monsinger,  the  secretary,  and  A.  C.  Cotton,  the  vice-presi- 
dent. 

A  musical  and  literary  entertainment  was  given  in  the 
auditorium  under  the  auspices  of  the  local  reception  commit- 
tee, composed  of  James  D.  Rostron,  chairman:  Fred  D.  James, 
secretary;  Ernest  Uft.  treasurer;  Charles  C.  Morton,  Edward 
T.  Ferguson,  Thoinas  J.  McAllister,  Alfred  Horn  and  Thomas 
Hutchinson.  The  program  included  recitations,  vocal  and 
instrumental    selections   and   brief   addresses. 

The  supply  comm:ittee  was  composed  of  Prank  Martin,  Fred 
L.  Jahn,  W.  J.  Brice,  Charles  Hopper,  Harry  Souder  and 
Harry  N.  Winner,  all  of  Philadelphia. 

The  ladies  were  taken  on  trips  throughout  the  city  and 
vicinity  in  automobiles,  starting  from  the  T.  M.  C.  A.  building. 

Friday  morning  the  business  session  began  at  9:30  o'clock. 
In  the  afternoon  the  delegates  and  the  ladies  were  the 
guests  of  the  West  End  Boat  Club,  at  the  organization's 
handsome  headquarters  at  the  foot  of  Central  Ave. 

Among  the  exhibitors  were: 

Cyrus   Borgner   Co. 
United   States   Graphite   Co. 
William  C.  Robinson  &  Son 
Greene,    Tweed    &    Co. 
Philadelphia    Grease    Mfg.    Co. 
Jenkins  Bros. 
John  R.  Livezey 
Watson  &  McDaniel  Co. 
"Power" 

Dearborn    Chemical    Co. 
Lunkenheimer  Co. 
Ford  &  Kendig  Co. 
The    Garlock    Packing    Co. 
Harrison  Safety   Boiler   Works 
Keystone    Lubricating    Co. 
Warren   Webster  &  Co. 
Westinghouse  Electric  &  Man- 
ufacturing  Co. 
The  Wickes  Boiler  Co. 
Thomas  C.   Warley  &  Co. 


Under     Peed     Stoker     Co.      of 

America 
N.  T.  &  N.  J.  Lubricant  Co. 
Local    Steam    Packing    Co. 
Lagonda  Manufacturing  Co. 
Anchor    Packing    Co. 
H.  B.  Underwood   &  Co. 
Dixon   Crucible   Co. 
Peerless    Rubber    Co. 
"National  Engineer" 
H.    W.   Johns-Manville   Co. 
Robert  Wetherill  &  Co. 
Berry   Engineering   Co. 
Harper    Packing    Co. 
Rooksby    Engineering   Co. 
Economy  Iron  Works 
Benjamin  P.  Shaw  &  Co. 
Delaware     Electric     &    Supply 

Co. 


Ohio  N.  A.  S.  E.  Convention 

The  Ohio  State  Association  of  the  National  Association  of 
Stationary  Engineers  held  its  sixteenth  annual  convention  in 
Toledo  on  June  11,  12  and  13.  The  exhibits  and  business 
sessions  were  held  in  Memorial  Hall  while  the  hotel  head- 
quarters were  at   the    Eoody  House. 

The  first  session  was  called  to  order  on  Wednesday  morn- 
ing by  P.  E.  Smalley,  chairman  of  the  local  committee.  The 
Rev.    E.   B.    Allen   pronounced    the    invocation. 

Charles  H.  Wirmel,  chief  examiner  of  stationary  engi- 
neers for  Ohio,  and  representing  Governor  Cox,  spoke  princi- 
pally of  the  things  accomplished  last  year  in  the  stationary 
engineering  field  in  Ohio.  The  boiler-inspection  laws,  al- 
ready strong,  were  made  even  stronger  by  incorporating  in 
them  some  important  rules  of  the  department.  The  history 
and  condition  of  every  one  of  the  20.000  registered  boilers 
were  carefully  recorded  so  that  complete  data  exist  of  a  boil- 
er's employment  practically  from  the  time  it  leaves  the  shop 
until  it  is  scrapped.  There  are  now  17,000  licensed  engineers 
in  the  state  and  last  year  over  60  convictions  for  violation  of 
the    license    la'ws    were    secured. 

There  was  also  established  a  department  of  engineering 
research  at  the  state  university  which  is  available  for  the 
solution  of  steam-engineering  problems  as  well  as  others. 

Commissioner  of  Police  Mooney  represented  Mayor  Brand 
Whitlock,  who  was  unavoidably  absent.  National  President 
John  P.  McGrath  gave  a  short  outline  of  the  history  and 
work  of  the  association,  dwelling  particularly  upon  the  work 
of    the    past    year. 

Mr.  Biggers,  secretary  of  the  Toledo  Commercial  Club, 
welcomed  the  delegates  on  behalf  of  the  business  men  of  the 
city.     National  Secretary  Fred  Raven,  in  the  course  of  his  re- 


marks, told  of  the  great  need  of  adequate  license  laws  in  Illi- 
nois— laws  similar  to  those  of  Ohio  and  Massachusetts.  He 
also  mentioned  the  need  of  advertising  the  N.  A.  S.  E.,  its 
aims  and  its  work,  not  only  among  the  engineering  but 
among  all  classes  so  that  the  good  purposes  for  which  it 
is   working  may  be   the   more   speedily   accomplished. 

At  the  formal  opening  of  the  mechanical  exhibit,  E.  J. 
Jacques  spoke  briefly  in  place  of  President  Osborne,  of  the 
Central    States   Exhibitors,   who   was   detained   elsewhere. 

Among  the  numerous  matters  acted  upon  was  the  adop- 
tion of  a  resolution  to  fix  the  date  of  the  first  day  of  the 
annual  state  convention  for  the  second  Wednesday  in  June. 
Another  resolution  recommended  that  provision  be  made  to 
examine  the  district  examiners  of  stationary  engineers  by  a 
board  of  practical  and  experienced  engineers  to  determine 
their  fitness  and  proficiency.  This  resolution  and  one  recom- 
mending that  the  existing  fee  of  $2  for  renewing  a  license 
be   abolished   were   referred    to   the    legislative    committee. 

At  the  final  business  session  the  following  officers  were 
elected:  President,  J.  E.  Radigan;  vice-president.  W.  D. 
Spangler;  secretary,  D.  E.  Kennedy;  treasurer,  John  Wirmel. 
The  new  officers  were  installed  by  National  Secretary  Fred 
Raven  assisted  by  E.  J.  Jacques.  Akron  was  selected  as  the 
place   for  the   next  annual  state  convention. 

This  convention  was  unusual  in  that  no  educational  feat- 
ures were  provided.  At  most  state  conventions  at  least  two 
or  three  papers  or  lectures  are  given.  The  explanation  may 
lie  in  the  fact  that  the  Ohio  state  organization  is  a  partic- 
ularly large  one  and,  consequently,  the  volume  of  associa- 
tion business,  etc.,  to  be  accomplished  is  very  great.  The 
mechanical  exhibit,  which  was  especially  large  and  interest- 
ing, was  well  attendad  by  delegates  and  visitors.  Over  50 
booths  were  occupied  by  the  members  of  the  Central  States 
Exhibitors    Association. 

The  entertainment  features  were  well  planned.  On  Wed- 
nesday afternoon  the  ladles  enjoyed  an  auto  ride  about  the 
city.  On  both  Wednesday  and  Thursday  evening  an  informal 
musical  entertainment  was  given  in  the  exhibit  hall.  On 
Thursday  afternoon  a  trolley  ride  around  the  beautiful  Mau- 
mee  Valley  belt  was  enjoyed  by  both  delegates  and  guests; 
enroute,  stops  for  inspection  were  made  at  the  filtration  plant 
and  several  industrial  works.  The  big  feature  of  the  enter- 
tainment program,  however,  was  an  excursion  on  Lake  Erie 
on  Friday  afternoon  and  evening.  The  large  modern  lake 
steamer  "State  of  New  York"  left  Toledo  at  1:30  p.m.,  with 
nearly  1000  delegates  and  guests  aboard  and  returned  at 
9:30. 

The  state  organization  of  the  Ladies  Auxiliary  held  a 
business  session  on  Thursday  and  consummated  plans  for 
organizing  "Winship"  Auxiliary  No.  10  of  Ohio.  National 
President  Olive  Heckler  telegraphed  permission  to  perform 
the  instituting  ceremonies  during  the  Friday  excursion.  State 
Deputy  Josephine  Lerch,  to  whose  efforts  the  creation  of  the 
auxiliary  Is  largely  due,  performed  the  instituting  ritual, 
assisted  by  Past  National  President  Florence  Delaney  and 
National   Secretary    Fred   Raven. 

The  following  ofliicers  were  elected:  Past  president,  Mrs. 
L.  Long,  president,  Mrs.  Thomas  Winship.  in  honor  of  whose 
husband,  "Uncle"  Tom  Winship,  the  organization  was  named; 
vice-president,  Mrs.  Mable  Smalley;  recording  secretary,  Mrs. 
P.  M.  Moran;  financial  secretary,  Mrs.  Clara  Moore;  treasurer, 
Mrs  Mabel  Chamberlln;  conductor,  Mrs.  May  Jacob;  chaplain, 
Mrs.  Doll;  herald,  Mrs.  Betts;  doorkeeper,  Mrs.  Brown. 

This  is  the  second  auxiliary  to  be  Instituted  by  Sister 
Lerch.  It  is  the  largest  in  Ohio  and  said  to  be  the  second 
largest  in  the  United  States,  77  charter  members  being  en- 
rolled. 


Connecticut  State  N.  A.  S.  E. 
Convention 

The  ISth  annual  convention  of  the  Connecticut  State  As- 
sociation of  the  National  Association  of  Stationary  Engineers 
was  held  in  Merlden,  Conn.,  June  26,  27  and  28,  with  headquar- 
ters at  the  Winthrop  Hotel. 

The  auditorium  of  the  city  hall  was  tastefully  decorated 
and  arranged  in  booths  by  the  local  committee  for  the  sup- 
pl.vmen's  exhibit  of  power-plant  machinery  and  supplies,  50 
booths  being  occupied  for  this  purpose.  The  several  sessions 
of  the  delegates  were  held  on  the  upper  flow  of  the  audi- 
torium.     There    were    90    delegates    in    attendance. 

The  convention  was  formally  opened  at  12  o'clock  noon,  on 
Thursday,  with  a  short  address  by  Frank  Hastings,  chairman 
of  the  local  committee,  who  Introduced  Mayor  D.aniel  J.  Dono- 
van. Mr.  Donovan  gave  the  delegates  and  visitors  a  hearty 
welcome  to  the  city,  and  hoped  their  stay  would  prove  a 
pleasure  and  a  profit.     National  Vice-President  James  R.  Coe 
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^sponded  for  the  engineers,  and  the  ceremonies  closed  vith 
short  address  by  State  President   Thomas  J.   Phillips. 

The  principal  feature  of  entertainment  was  the  Dutch 
ipper  at  Mefferts  Terrace  Garden.  Music,  speeches  and 
>ngs   helped   to   malve   the   occasion   merry. 

At  the  closing  session  of  the  engineers  the  following  state 
Beers  were  elected;  President.  Bernard  C.  Reynolds,  New 
aven;  vice-president,  Charles  M.  Dowd,  Bridgeport;  secre- 
iry-ti-easurer,  John  Galvin,  Meriden;  conductor,  Jaines  J. 
cGee,  Hartford;  doorkeeper,  James  A.  Austin,  Norwich; 
ate  deputy,  Richard  J.  Greene.  Thomas  J.  Phillips,  Warren 
.  Goodrich  and  Charles  H.  Ostrander  were  chosen  as  trustees. 

The   officers   elected   by    the   Connecticut    State    Sui)i>l>  nun's 


ing  c&  Ventilating  Engineers,  which  is  to  be  held  in  Buffalo 
on  July  17,  IS  and  I'J.  promises  to  be  most  interesting  and 
instructive.  Several  papers  are  now  in  hand  and  these,  com- 
bined with  the  tests  to  be  conducted  during  the  session  at 
the  Bureau  of  Thermal  Research,  will  place  the  members  in 
possession  of  considerable  valuable  data.  The  committee  on 
tests  has  arranged  to  conduct  tests  of  piping  systems  and 
heating  boilers,  also  a  special  test  of  fan  blast  heaters  In 
connection  with  a  paper  discussing  the  relative  efficiency  of 
pipe  coils  and  fan-blast  heaters.  In  all  probability  there 
will  be  a  paper  explaining  the  use  of  charts  for  determining 
the  sizes  of  pipes  for  gravity  hot-water  heating  systems;  one 
.m    the    time-    element    in    heating    apparatus;    another    com- 


Delegates  and  Guests  at  CoxxECTicrx  X.  A.  S.  E.  Coxvextiox 


ssociation   were:    Fred   Upson,   president;   Nelson    D.    ilerwin, 
ice-president;    Harry    N.    Glynne,    secretary-treasurer. 
The    1914    convention    will    be    held    in    Bridgeport. 


EXHIBITORS 


agle  Oil  &  Supply  Co. 
ratt   &   Cady   Co. 
eerless   Rubber    Mfg.    Co. 
he    Garlock    Packing    Co. 
.   W".   Harris  Oil   Co. 
Ibanv  Lubricating  Co. 
artford   Mill   Supply   Co. 
he   Taylor-Plagg  Co. 
he   Lunkenheimer   Co. 
ightingale   &   Childs  Co. 
hiladelphia   Grease    Co. 
[eClave-Brooks    Co. 
.   S.    Mersick   &   Co. 
[eystone    Lubricating    Co. 
otfleld     Furnace     Specialties 
Co. 

.  D.  Anderson  Co. 
he   Welding  Co. 
earborn   Chemical   Co. 
enkins    Bros. 
[cLeod   &  Henrv  Co. 
shcrott  Mtg.   Co. 
onsolidated  Pop  Safety  Valve 
Co. 

Hancock    Inspirator    Co. 
:ayden  &  Derby  Mfg.   Co. 
merican    Metal   Hose    Co. 
:.    W.   Jolins-Manville    Co. 


Co. 


Evans   Mill    Supply 

Roto    Co. 

"Power  " 

Durabla    Mfg.    Co. 

Ashton   Valve    Co. 

Walter  G.  Ruggles  Co. 

Greene.    Tweed    &    Co. 

Economy    Lubricating    Co. 

Travelers    Indemnity    Co. 

"National   Engineer" 

Mason  Regulator   Co. 

Quaker  Citv  Rubber  Co. 

United   States   Graphite   Co. 

American      Steam      Gauge       & 

Valve  Mfg.   Co. 
New  York   Belting  &   Packing 

Co. 
L.    Sonneborn    Sons.    Inc. 
"Southern    Engineer" 
Crane  Valve   Co. 
Economy    Fuse    &   Mfg.    Co. 
Engineering    &    Supply    Co. 
Durabla   Mfg.    Co. 
Wm.   M.    Wheeler 
Clement   Restim    Co. 
Strong.    Carlisle    &    Hammond 

Co. 


SOCIETY     NOTES 


The  15th  annual  outing  of  the  New  York  Association  James 
.'att  No.  7,  N.  A.  S.  E.,  will  take  place  on  Sunday.  Aug.  3.  at 
ouglaston.  Long  Island.  The  main  feature  will  be  a  genuine 
ong  Island  clambake.  Every  member  of  No.  7  has  appointed 
imself  on  the  executive  committee  and  a  good  time  is,  there- 
)re  assured. 

The  Combined  Engineers'  Associations  of  Cleveland  and 
orthern  Ohio  will  hold  their  second  annual  picnic  and  out- 
ig  on  July  20.  at  Luna  Parlv.  There  will  be  motor  races, 
aseball  and  athletic  sports,  a  prize  drawing  for  engineers 
nd  their  wives,  and  "prizes  for  everybody  and  a  good  time 
)r  all."  The  members  of  the  executive  committee  are:  H.  J. 
aier.  W.  Chas.  Clarke.  Thos.  W.  Roberts.  Albert  Ihlenfleld. 
eo.  P.  Klasgye.  Daniel  Robinson.  Edward  Guentzler  and 
hos.   B.    Eaton. 

The    summer    meeting    of    the    American    Society    of    Heat- 


prising  a  report  of  the  work  on  ventilation  conducted  by 
Prof.  Frederic  Bass  at  the  University  of  Minnesota,  and  an- 
other on  some  pliase  of  the  work  of  the  ventilation  depart- 
ment of  the  Bureau  of  Health,  Chicago.  There  will  also  be  a 
paper  discussing  the  loss  of  pressure  due  to  elbows  in  the 
transmission  of  air  through  pipes. 

Hotel  Statler  has  been  selected  as  headquartei-s.  The 
sessions,  with  one  exception,  will  be  held  in  the  convention 
hall  of  the  hotel.  The  first  session  will  be  convened  at  10 
o'clock,  a.m.,  July  17.  There  will  be  an  afternoon  session  on 
the  same  day,  forenoon  and  afternoon  sessions  on  July  IS, 
and  a  forenoon  session  on  July  19.  The  committee  on  enter- 
tainment promises  that  those  attending-  may  look  for  diver- 
sions   of   an    unusually    attractive    nature. 

New  York  engineers  will  hold  outings  on  Sunday.  July  20. 
No.  23.  N.  A.  S.  E.  outing,  at  Eltners.  Grant  City.  Staten  Is- 
land. Sunday,  Aug.  3,  No.  7,  N.  A.  S.  E.  outing  at  Bartletts 
Inn.  Douglaston.  L.  I.  Sunday.  Aug.  10.  No.  44.  N.  A.  S.  E.. 
outing  at  Eitners'  Grant  City.  Staten  Island.  Sunday.  Aug.  17. 
Phoenix  outing  at  Donnelly's,  College  Point.  L.  I.  Sunday, 
Aug.  24.  Blue  Club,  of  Newark,  N.  J.,  outing  at  Olympic  Park. 
Newark,    N.   J. 


PERSONALS 


George  Westinghouse  was  awarded  the  Grashoff  gold 
medal  of  the  Society  of  German  Engineers  at  the  annual 
meeting  of  the  society  at  Leipzig  on  June   23. 

President  Chai-les  A.  Coffin,  after  more  than  thirty  years' 
service  with  the  General  Electric  Co.  and  its  predecessors, 
has  retired,  and  has  been  succeeded  by  Edwin  W.  Rice.  Jr., 
senior  vice-president  of  the  company.  Mr.  Coffin  will  remain 
chairman  of  the  board  of  directors. 

M.  J.  Kehoe  has  been  appointed  electrical  engineer  of  the 
Ohio  Electric  Ry.  in  charge  of  power  houses  and  substations, 
with  offices  at  Springfield,  Ohio.  Mr.  Kehoe  was  formerly 
connected  with  the  Fort  Wayne  &  Northern  Indiana  Traction 
Co.   in  a  similar  capacity  for  13  years. 

James  H.  Stretton.  chief  engineer  of  the  W.  H.  Constable 
Cold  Storage  plant.  El  Paso.  Tex.,  was  married  on  June  18.  to 
Miss  Ruth  E.  McMullen.  Los  Angeles.  Calif.  Mr.  Stretton  was 
until  recently  engineer  of  the  Baltimore  Hotel,  Lcs  Angeles. 
He  is  a  member  of  the  National  Association  of  Stationary 
Engineers. 
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Pigs   5  4nd  8    Mesta  Twin  Tandem-Compound  Eolling-Mill  Engine.     High-Pbessure  Cylinder,  46-In. 

Low-Pressure  Cylinder  76  In.,  Stroke  60  In.  Pig.  6.    Three-Motor,  25-Ton  Jeffrey  Electric 

Mine  Locomotive.     Fig.  7.     Westinghouse-Le  Blanc  Jet  Condenser  to  Serve  a  12,500- 

Kw.  Turbine,  Condenising  150,000  Lb.  of  Steam  per  Hour 
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Duchesne's  Experiments  on  Superheat 


ii\  Proi-.  R.  C.  H.  Heck 


rXOPSIS — Durliesne  determined  the  specific  volume 
steam  by  using  the  steam-engine  cylinder,  during  tlie 
eration  of  compression,  as  the  containing  and  measur- 
g  vessel.  lie  got  the  quantity  of  steam  present  by  an 
sumption  of  homogeneity  of  steam  condition  ihrough- 
t  the  compression  space.  It  is  shown  that  his  method 
s  led  to  values  as  much  as  40  per  cent,  greater  than 
'lat  is  physically  possible. 

The  determinations  of  total  heat  ivere  made  by  the 
ethod  of  water  calorimetry.  While  this  method  was 
ed  by  Regnault,  it  is  not  of  the  highest  accuracy,  and 
's  been  abandoned  by  the  more  sl-illful  of  the  later 
perimenters.  The  results  of  Duchesne  shoir  good  in- 
'•umental  work,  in  that  they  are  consistent  among  them- 
Ives.  But  an  error  is  made  in  assuming  that  they  arc 
accord  and  can  be  combined  with  Eegnault's  values  at 
turation.  And  in  the  variation  of  total  heat  with  pres- 
re  for  a  given  temperature  they  show  rates  of  change 
r  greater  than  can  be  accepted  as  possible. 

The  writer  has  recently  had  occasion  and  opportunity 

make  a  critical  examination  of  the  full  report  of  the 
uchesne  experiments  on  certain  properties  of  super- 
lated  steam,  an  abstract  of  which  was  published  in 
3WER  for  July  23,  1912.  The  results  deduced  from 
ose  experiments  disagree  radically  with  the  great  body 

data  wliich  has  gradually  been  formulated  into  our 
odei-n  steam  tables.  If  they  are  valid,  the  steam  tables 
e  ready  for  the  scrap  heap;  but  it  is  not  difficult  to 
id  errors  or  inaccuracies  in  the  work  of  Duchesne  quite 
fficieut  to  account  for  the  discrepancies  whicli  appear. 
This  work  divides  itself  into  two  distinct  sections,  con- 
rned  with  specific  volume  and  with  total  heat,  respec- 
ely.  The  scheme  followed  in  determination  of  volume 
outlined  in  Fig.  1.  The  cylinder  of  a  steam  engine 
i-ved  as  containing  vessel,  volume  and  pressure  were 
3a,sured  from  the  compression  curve  of  the  indicator  dia- 
am,  variant  steam  temperature  was  given  by  the  '"hy- 
rthermometer,"  and  weight  of  steam  present  was  in- 
rred  through  an  assumption  of  homogeneity  which 
irks  out  badly. 

The  engine  is  approximately  of  12  in.  diameter  and 
-in.  stroke.  The  head  end,  which  alone  was  used  in 
3se  experiments,  has  a  piston  displacement  of  just  1.52 
.ft.,  and  the  clearance  volume  (increased  in  order  to 
commodate  very  long  compressions)   was  8.6  per  cent. 

the  displacement.  The  clearance  distance  shown  in 
g.  1  bears,  of  course,  a  smaller  ratio  to  the  stroke  MX. 

nearly  as  can  be  inferred  from  vague  information,  the 
res  of  the  hyperthermometer  or  multiple-junction 
;rmocouple  lie  in  a  plane  about  1  in.  from  the  cylinder 
ad,  as  indicated  by  line  TT.  The  engine  was  oper- 
id  at  a  speed  of  either  15  or  30  r.p.m. 

ichesnb's  Scheme  for  Measuring  Specific  Volujie 

The  curves  plotted  in  Fig.  1  show  steam  temperature 
a  base  of  piston  position,  two  typical  experiments  being 
)resented.  In  No.  11  the  engine  was  run  condensing, 
No.  20  noncondensiug.  Curve  a  in  either  case  gives 
=erved  steam  temperature,  while  curve  b  is  laid  out  by 


taking  the  saturation  temperature  corresponding  to  indi^ 
cated  pressure;  then  anj-  vertical  distance  between  the 
curves  shows  superheat  existing.  The  distinctive  feature 
of  Xo.  20  is  found  in  the  fact  that  the  two  curves  coincide 
at  first,  then  separate  at  a  point  K  where  superheating 
begins.  Duchesne  assumes  that  at  this  point  the  whole 
body  of  steam  has  arrived  at  a  tmiform  state  of  dry 
saturation,  throughout  the  contained  space,  so  that  with 
density  read  from  the  steam  table  its  exact  weight  be- 
comes known.  And  when  there  was  superheating  even 
at  the  beginning  of  compression,  as  in  experiment  11, 
it  was  still  assumed  that  the  steam  was  uniform  in  con- 
dition and  dxie  allowance  (or,  as  will  appear  later,  undue 
and  excessive  allowance)  was  made  for  this  initial  super- 
heat. 

Volumetric  Experiments  of  Knoblauch,  Linde  and 
Klebe 

Contrast  with  this  the  Munich  experiments,  which  were 
published  in  1905.  Into  the  glass  bulb  B,  Fig.  2,  was 
introduced,  over  mercury,  a  small  and  very  accurately 
weighed  cjuantity  of  pure  water.  In  any  experiment, 
saturated  steam  from  a  boiler  filled  the  cast-iron  cylinder 
A ;  and  with  the  water  in  B  all  evaporated,  the  mercury 
level  was  kept  at  a  height  LL  in  tube  P,  which  tube  led 
to  the  manometer.  Both  pressure  and  temperature  of  the 
steam  in  A  were  read ;  and  since  steady  conditions  could 
easily  be  maintained  for  any  needed  length  of  time,  exist- 
ence of  the  same  temperature  in  B  was  assured.  Even 
the  stem  P  was  surrounded  by  the  steam  bath  to  a  point 
below  the  mercury  level,  the  latter  being  observed  through 
glass  windows  TTIT.  For  superheat  in  B  there  had  to 
be  higher  pressure  in  .4,  which  the  glass  vessel  was  strong 
enough  to  sustain.  Several  of  these  bulbs  were  used,  of 
capacity  ranging  from  104  to  183  cti.in. 

Comparison  of  Volume  Results 

A  comparison  of  results  is  made  in  Fig.  3.  Consider 
first  the  full  lines,  which  represent  a  formulation  based 
on  the  Munich  experiments  and  checked  by  other  reliable 
data.  In  general,  if  superheated  steam  or  gaseous  H^O 
were  a  perfect  gas,  it  would  exactly  follow  the  law 

pv  =  BT    '  (!) 

Here  /)  is  absolute  unit  pressure,  r  is  the  volume  of  a  unit 
weight  of  the  gas,  T  is  absolute  temperature,  and  B  is 
the  gas  constant,  fLxed  by  the  molecular  weight  of  the 
substance.     With  our  ordinary  practical  units,  or  with 
/;  in  pounds  per  square  inch  above  perfect  vacuum,  v  in 
cubic  feet  to  the  pound  of  steam,  and  T  in  Fahrenheit  j 
degrees    (so  that  it  equals  thermometer  reading  t  plus  ] 
460),  the  value  of  B  is  0.596,  as  against  0.37o"for  air. 
This  0.596  corresponds  with  47.1  for  kilograms  per  square] 
meter,  cubic  meters  to  the  kilogram,  and  centigrade  de-  j 
grees.    The  gas  constant  is  a  quantity  of  the  first  import- 
ance in  any  attempt  to  relate  volume   to  pressure  and] 
temperature. 

Far  from  saturation  or  liquefaction,  actual  gases  con- 
form closely  to  the  law  pr  =  BT.    But  as  they  approach  I 
saturation  there  is  a  gradual  shrinkage  of  the  pressure- 
volume  product  j)v  from  the  ideal  value  BT.  The  formula 
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c-oiinectiiig  ju'essuro,  \(iliiine  and  teni]ii'riUure,  oi'  xhv 
oharat'teristic  equatidii  of  steam,  may  llu'ii  lio  most  simply 
written  as 

/.r^BT  —  .V  (•.') 

where  A'  stands  for  a  eoniplex  i-orreetive  or  modifyiiiu' 
term.  This  A'  depends  upon  both  pressure  and  tempeiM- 
ture;  it  increases  with  higher  pressure,  but  for  any  pres- 
sure it  has  a  maximum  value  at  saturation  and  decreases 
as  temperature  rises. 

Tn  Fig.  3,  the  base  is  temperature,  the  ordinate  is 
product  pv  for  1  lb.  of  steam,  and  the  operation  repre- 
sented is  heating  (or  cooling)  under  constant  pressure. 
In  the  full-line  diagram,  straight  line  AA  represents 
equation  (1),  since  it  shows  pv  varying  with  i  or  T  in 
constant  ratio.  Produced  toward  the  left,  AA  would  cut 
the  line  of  zero  pv  at  absolute  zero  of  temperature. 
Curves  B(\  J>K  and  F(l  are  actual  lines  of  constant-pres- 


aiid  .I'M"  pass  through  the  absolute  zero  of  temperature 
like  .1.1.  therefore,  each  represents  an  equation  of  the 
form  /ir  =  BT. 

Now  there  is  absolutely  no  reason  in  physical  science 
for  believing  that  the  pressure-volume  measure  pv  for 
1  lb.  of  steam  can  possibly  extend  above  the  ideal  gas 
line  A  A  in  Fig.  3.  The  unavoidable  alternative  is  the  be- 
lief that  the  Duchesne  values  of  jyv  are  too  big,  or  that 
they  really  belong  to  more  than  the  unit  weight  of  steam. 

Dlu'hksnu'.s   ^'AL^l•:s  of  rifODUCT  pv 

The  method  of  getting  numerical  values  of  pv  from  the 
experimental  data  is  to  take  the  product  of  measured 
press)ire  and  volume  and  divide  it  by  assumed  steam 
weight  .1/.  If  M  is  less  than  the  true  weight  present, 
/((•  will  be  too  large;  conversely,  if  pv  is  greater  than  BT . 
it  must  correspond  with  more  than  the  unit  weight.     An 
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uire  expansion,  having  their  lowest  points  on  the  satura- 
tion curve  BFII  and  continually  approaching  .1.1  as 
[emperature  rises; 

Lines  BC  and  DE  are  for  1.0  and  2.5  atnios])heres  ab- 
iolute  pressure,  the  same  as  the  dotted  Duchesne  curves 
1  and  2.5  above.  Within  the  low-pressure  range  of  the 
experiments,  the  shrinkage  term  A'  is  small.  To  show 
arger  values,  curve  FG  is  laid  out  for  25(1  lb.  absolute. 
3f  course,  any  vertical  intercept  such  as  KL  represents  a 
aarticular  value  of  X.  The  vertical  FA\  dropping  from 
:he  saturation  line,  shows  how  the  line  of  constant-pres- 
sure change  runs  into  the  region  of  steam-and-water 
fixture. 

The  points  which  determine  dotted  eur\es  1  aiul  3.5 
!n  Fig.  3  represent  the  writer's  interpolations  in  Du- 
?hesne's  tables  of  readings,  eacli  point  bearing  the  num- 
ber of  the  experiment  from  which  it  comes.  The  curves 
lere  drawn  agree  in  form  with  those  of  the  original  re- 
3ort,  which  have  been  reproduced  in  Fig.  3  on  page  111 
jf  PowEU  for  July  23  last.  The  striking  features  of  these 
?urve.s  are,  a  start  in  the  region  of  line  AA,  &  steep  climb 
;o  excessive  values  of  pv,  then  quite  good  conformity  to 
;he  law  pv  =  BT,  except  that  B  is  much  too  big  and  is 
lot  the  same  for  the  two  pressures.     Straiglit  lines  A' A' 


analysis  along  the  line  of  those  ideas  is  given  graphical 
form  in  Fig.  4.  Without  going  into  the  detail  of  the 
p.sychological  processes  by  which  Duchesne  gets  at  his 
values  of  steam  weight  M.  the  purpose  is  to  try  out  his 
results  against  the  criterion  of  underlying  physical  prin- 
ciple. 

The  scheme  here  employed  is  then,  to  take  pv  as  given 
for  the  kilogram  of  steam,  divide  it  by  the  corresponding 
T.  and  plot  in  Fig.  1  the  quotient 


«-f 


(3) 


This  B'  is  not  a  constant;  but  if  the  derived  values  of 
pv  were  really  correct  and  consistent,  it  would  come  out 
just  a  little  smaller  than  the  true  constant  B,  the  dilVer- 
ence  varying  with  pressure  and  temperature  after  a  man- 
ner suggested  by  the  relation  of  curves  BG  and  DE  to 
line  AA  in  Fig.  3.  The  quantities  being  left  in  the 
original  units,  horizontal  line  AA.  at  the  height  47.1, 
here  represents  the  true  value  of  B.  which  B'  ought  not  to 
exceed.  A  scale  at  the  right  shows  percentage  of  excess 
of  B'  over  B. 

In  Fig.  1,  the  points  belonging  to  each  experiment  arc 
strunfr  together  l)v  sliort  tie  lines  to  form  a  rouijii  curve. 
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M.xteeu  e.xjH'rimcnis  were  worked  up.  In  amount  of  rom- 
)ression,  expressed  as  a  fraction  of  the  stroke,  and  in 
;peed  of  engine,  they  classify  as  follows: 

RUNNING  CONDENSING 

iJompression  0.9 No.  15 

Jomprcsision  0.8 N'os.  9,  10,  11.  12 

?ompression  0.75 - .  Nos.  13,  14 

Ilompression  0 .  65 ...  Nos.  3,  4 

romprpsidon  0.6 .  .  Nos.  6,  7,  8 

NONCONDENSING 

Compression  0.4 Nos.  17,18,  19,  20 

ipecd  about  15  r.p.m Nos.  0,  9,  10,  15,  17.  18 

■peed  about  30  r.p.m Nos.  3,  4.  7.  8.  11.  12.  13,  14.  19,  20 

A  marked  and  rapid  ri.«e  of  B',  most  strikingly  shown 
u  the  Xos.  9  to  14  group  of  curves,  surely  indicates  re- 
'vaporatiou   continuing   past   tiie   point   where   Duchesne 
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Is  there  any  reason  to  assume  uniformity  of  steam 
condition  throughout  the  compression  space  of  an  engine 
cylinder  at  any  instant?  Powerful  influences  exist  which 
tend  to  produce  variation,  and  there  is  strong  evidence 
that  variation  once  estal)li.shed  will  disappear  slowly. 

During  the  last  part  of  compression  and  during  admis- 
sion, a  portion  of  the  steam  within  or  entering  the  cylin- 
der is  condensed  by  cooler  metal  walls.  On  some  sur- 
faces the  water  of  condensation  prohably  lies  more  or  less 
quietly,  in  a  film,  until  pressure  falls.  But  where  steam 
rushes  over  a  surface,  the  moisture  will  be  swept  off  as 
rapidly  as  formed,  and   mixed   witii   the  l)ody  of  steam. 


S+ec(mTempera+ure,Deqree&FCThrenhei+         From  boiler  ana' 

separator,  pressure  c  rio.a 
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ssumed  uniformity  of  condition  and  absence  of  mois- 
ure;  in  other  words,  there  are  increases  in  the  amount  of 
rater  substance  present  in  gaseous  form.  The  curves  in 
nother  group,  made  up  of  Xos.  -1,  6,  7,  8  and  15,  show 
n-acticall}'  none  of  this  initial  rise,  but  they  begin  and 
lave  their  whole  course  in  a  region  about  40  per  cent, 
bove  any  possible  true  value  for  the  kilogram  of  steam. 
£videntl}',  there  was  something  radically  wrong  with  the 
uethod  of  allowing  for  initial  superheat  when  estimating 
team  density. 

Large  cross-marks  on  the  curves  in  Fig.  4  locate  the 
(oints  interpolated  for  plotting  in  Fig.  3,  and  thus  give 
ome  idea  of  the  relation  of  pressure  to  the  quantities 
lere  diagrammed.  The  evolution  of  Duchesne's  curves 
if  constant-pressure  expansion  can  be  traced  out  in  this 
liagram,  but  a  detailed  discussion  is  hardly  worth  while. 
)ne  matter  of  interest  is  the  drop  of  nearly  all  the  B' 
urves,  with  rise  of  temperature,  after  passing  a  maxi- 
iium.  This  is  what  makes  the  upper  part  of  curve  2.5  in 
■"ig.  3  lie  so  much  below  curve  1. 


When  pressure  falls  in  expansion  and  at  release,  a  wall 
that  is  wet  will  dry  itself,  ])artly  by  straight  reevapora- 
tion,  partly  by  mechanical  action;  that  is,  a  layer  of 
steam  formed  between  metal  and  water  will  throw  the  lat- 
ter off  into  space.  A  wall  already  swept  dry  will  at  once 
begin  to  dr\'  and  superheat  the  steam  in  contact  with  it. 
The  larger  body  of  steam,  away  from  the  walls,  contains 
moisture  thus  swept  or  thrown  from  the  walls  and  also 
moisture  due  to  loss  of  heat  in  work  performed. 

It  is  futile  to  claim  that  even  a  multijunction  thermo- 
couple, located  in  a  plane  parallel  to  the  cylinder  head 
as  indicated  bj'  line  TT  iu  Fig.  1,  is  in  position  to  meas- 
ure the  average  temperature  of  the  whole  mass  of  steam 
in  the  cj'linder,  especially  during  the  early  part  of  com- 
pression, although  its  position  becomes  relatively  better 
as  the  piston  gets  closer  to  the  head.  Of  all  the  surface^ 
of  the  cylinder  proper  (in  distinction  from  the  steam  pa- 
sages),  the  face  of  the  head  is  most  definitely  swept  by 
the  current  of  entering  steam.  This  surface  is,  therefore, 
ready    to    begin    superheating    promptly.      A    layer    of 
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steiini  initially  dry  or  slightly  superheated  will  have  its 
temperature  rapidly  elevated  by  the  work  of  compression, 
while  an  adjacent  body  of  initially  wet  steam  must  be 
dried  by  the  same  source  of  heat  before  its  temperature 
can  rise  above  that  of  saturation.  In  the  experiments, 
the  thermocouple  is  located  just  where  the  rapid  super- 
heating which  it  shows  is  most  strongly  favore<l. 

Detehmixation  of  Total  Heat 

Total  heat  was  measured  by  the  method  of  the  continu- 
ous water  calorimeter,  with  the  apparatus  arranged  as 
sketched  in  Fig.  5,  where  all  nonessential  detail  has  been 
omitted.  Temperature  t^  of  the  superheated  steam  was 
got  by  a  bare  mercury  thermometer  entering  through  a 
stuffing  box  and  by  the  thermocouple.  The  other  tem- 
peratures, all  of  low  range,  were  taken  with  fine  mercury 
thermometers.  Numerical  values  from  one  of  the  three 
sxperiments  which  are  reported  in  full  will  give  an  idea 
of  the  size  of  the  quantities  involved. 

|1  Number  of  experiment 40 

J2  Absolut*  steam  pressure,  lb 09 .  7 

3  Saturation  temperature,  deg.  F 302  ,  7 

4  Temperature  of  superfieated  st«am.  /,,  deg.  F.  .  436.4 

o  Rate  of  condensation  per  hour,  lb 5 .  48 

(>  Temperature  of  condensate,  t^,  deg.  F 5S.43 

7  Initial  temperature  of  cooling  water,  t^,  deg.  F  .  55,59 

8  Final  temperature  of  cooling  water,  l^,  deg.  F.  59.35 

9  Rat«  of  flow  of  cooling  water  per  hour,  lb 1704 

ii)  Apparent  total  heat  by  calorimeter,  B.t.u 1190.5 

11  Correction  for  radiation  beyond  temperature  chamber,  B.t.u....        -^53.9 

12  Expermental  total  heat,  B.t.u 1244.4 

The  first  thing  to  l)e  noted  is  the  small  amount  of 
steam  put  through  the  apparatus.  With  70  lb.  pressure, 
the  rate  of  flow  is  5.5  lb.  per  hr.  The  other  two  fully 
recorded  experiments  have  the  rates,  9.4  lb.  at  84  lb. 
pressure,  and  5.9  lb.  at  28  lb.  pressure.  In  the  Knoblauch 
experiments  on  heat  required  for  superheating  the  steam 
rate  was  from  60  to  110  lb.  per  hr. 

The  rise  of  temperature  of  the  cooling  water  is  between 
3  and  4  deg.,  so  that  even  with  thermometers  graduated  to 
0.01  deg.,  it  is  limited  to  the  accuracy  expressed  by  a 
three-figure  number.  And  the  other  factor  in  calorime- 
try,  the  quantity  of  cooling  water,  is  of  no  greater  pre- 
cision, because  it  was  found  by  a  float  reading  of  the 
head  over  an  orifice  in  a  thin  plate.  With  such  data,  it 
really  seems  foolish  to  carry  the  calculated  heat  values 
to  three  decimal  places,  or  to  six-figure  accuracy  (in  cal- 
ories). However,  the  results  show  excellent  consistency 
in  one  direction,  for  the  points  agree  very  well  with 
smooth  curves  traced  through  the  several  series  belonging 
to  the  particular  pressures. 

A  permissible  question  arises  as  to  the  validity  of 
disregarding  radiation  from  the  temperature  chamber, 
or  of  assuming  that  the  temperature  given  by  the  hyper- 
thermometer  is  truly  representative.  This  chamber  was 
about  2  in.  in  full  diameter,  but  was  contracted  to  some- 
thing like  half  that  size  by  a  porcelain  bushing,  around 
the  location  of  the  thermometer  wires.  There  certainly 
must  have  been  some  loss  of  heat  through  the  lagging, 
which  would  cool  the  steam  near  the  walls.  The  junctions 
of  the  thermocouple  all  lay  right  in  the  axis  of  the  cham- 
ber and  of  the  steam  current,  and  the  flow  of  steam  was 
so  gentle  that  some  degree  of  annular  stratification  was 
likely  to  persist  clear  over  to  the  orifice.  The  thermo- 
couples used  in  the  Knoblauch-Mollier  experiments— 
which  Duchesne,  in  a  discussion  in  Revue  de  Mecanique, 
has  erroneously  taken  for  thermometer  cups — being 
placed  in  the  vertical  ends  of  the  serpentine  coil  itself, 
are  a  good  deal  more  likely  to  have  been  subjected  to  the 


real,  average  tenipcralure  of  the  current  of  rapidly  tlow- 
ing  steam. 

Tlie  character  of  Duchesne's  results  is  shown  in  Fig.  (>, 
where  points  are  plotted  and  curves  drawn  for  two  of  the 
seven  pressures  at  which  series  of  experiments  were  made. 
Xo.  1  is  for  26.9  lb.  absolute,  No.  2  for  84.2  lb.,  while 
the  highest  and  lowest  pressures  were  about  16  and  loo 
lb.  Dotted  curves  lb  and  2h  are  from  the  tabulations  ir. 
the  report,  but  full-line  curves  la.  and  2a  represent  a 
formula  for  total  heat  recently  established  by  the  writer. 
These  last  run  a  few  heat  units  higher  than  would  similar 
curves  from  the  Marks  and  Davis  tables,  but  in  the  im- 
portant matter  of  relative  form  and  spacing  there  would 
be  no  distinguishable  difference. 

It  need  hardly  be  stated  that  the  curves  of  class  PP  in 
Fig.  6  are  lines  of  constant-pressure  expansion.  Curve 
<S'jS'  is  the  writer's  saturation  line,  straight  line  RR  repre- 
sents Regnault's  formula  for  total  heat  of  saturated 
steam.  As  has  been  remarked,  the  experimental  points 
in  Fig.  6  agree  very  well  with  their  curves,  except  wliere 
the  lower  end  of  No.  2b  is  bent  up  to  meet  the  Regnault 
value  at  saturation.  The  assumption  that  Regnault's 
total  heats  may  thus  be  brought  into  combination  with 
the  ]ircsent  results  is  decidedly  unwarranted,  and  is  one 
of  the  chief  reasons  for  the  peculiar  form  of  the  curves  of 
specific  heat  c  f,  which  have  been  derived  by  Duchesne  in 
the  course  of  his  work. 

The  experiments  plotted  in  Fig.  6  have  two  outstand- 
ing features.  Fi-rst,  the  general  slope  of  the  b  curves  is 
somewhat  steeper  than  that  of  the  writer's  curves,  which 
latter  are  based  upon  the  Knoblauch-Mollier  experiments. 
This  accounts  for  the  high  prevailing  value  of  c  ^  in 
Fig.  4  of  the  article  in  Power  of  July  23,  where  the  curve 
into  which  those  for  various  pressures  finally  run  ranges 
from  0.55  to  0.60  in.  in  height.  But  there  is  nothing  in 
these  experiments  to  insjiire  the  confidence  that  would 
lead  one  to  sulistitutc  them  for  the  others  as  a  basis  of 
knowledge. 

The  second  special  feature  is  the  great  vertical  distance 
between  curves  1&  and  2b.  In  the  throttling  experiments 
which  have  been  made  on  steam  and  other  gases  we  have 
definite  (although  not  exceedingly  precise)  data  as  to 
the  rate  of  change  of  total  heat  with  pressure  along  lines 
of  uniform  temperature.  The  comparatively  narrow  dis- 
tance between  curves  la  and  2a  in  Fig.  6,  and  the  gradual 
convergence  of  these  curves  as  temperature  rises,  are  not 
at  all  a  matter  of  guesswork,  but  are  wholly  rational  and 
in  accord  with  the  reliable  data.  Such  a  difference  be- 
tween the  total  heat  at  27  11).  and  St  lb.  pressure  as  the 
35  B.t.u.  between  curves  lb  and  2b  is  beyond  the  bounds 
of  possibility. 

Specific  Heat  of  Superheated  Steam 

Duchesne  applies  the  thermodynamic  relations  between 
rate  of  expansion  and  specific  heat  as  a  partial  determin- 
ant for  cp;  but  since  his  results  for  volume  have  errors 
running  up  to  40  per  cent.,  they  hardly  furnish  a  founda- 
tion for  mathematically  derived  quantities.  His  direct 
measurements  of  total  heat  are  by  a  method  insufficiently 
accurate  for  the  detection  of  small  variations,  their  com- 
bination with  the  Regnault  values  at  saturation  leads  to 
misinterpretation,  and  the  excessive  variation  with  pres- 
sure casts  doubt  on  their  correctness,  even  though  no 
obvious  sources  of  large  error  are  apparent  in  his  work 
and  the  subsequent  presentation. 
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Welding  Steam  Boilers 


XOPSIS — The  safdij  of  water-tube  boilers  employ- 
headers  and  the  strength  of  welded  seams. 

he  June  mnnber  of  llie  -founial  of  the  American  So- 
V  of  Mechauical  Engineers  reviewed  at  some  length 
irtifle  on  the  above  subject,  which  was  written  by  H. 
?er  for  Zeitchrift  fiir  Dampfkessel  und  Maschinen- 
ieb.  It  appears  that  three  serious  explosions  of  water- 
;  boilers  with  headers  occurred  in  Prussia  during  the 
■  1912.    These  exitlosions  have  attracted  wide  atten- 

to  the  question  of  safety  of  this  type  of  boiler  and  of 
led  seams  in  boilers  in  particular. 
'he  first  explosion  was  iu  the  central  station  of  the 
lenix  Co.,  iu  Lierenfeld.    The  boiler  was  built  in  1910 
;he  Borsic  Co.     It  had  4408  sq.ft.  of  heating  surface 

worked  under  a  pressure  of  205  lb.  gage.  The  im- 
liate  cause  of  the  accident  was  the  rupture  of  the 
ge  plate  in  the  lower  part  of  the  header  which  was 
I  ft.  wide  and  10  iu.  deep.  The  second  explosion  oc- 
-ed  in  the  rolling  mill  of  the  Menden  and  Schwerte 
A  Works,  with  a  new  Piedboeuf  boiler  built  in  1911, 
ing  a  header  11.7  ft.  wide  by  11.8  iu.  deep.  The  im- 
liate  cause  of  the  explosion  was  the  loosening  of  the 
ied  seam  of  the  header  plate  which  sprung  open  up 
he  corners.  In  the  third  explosion  at  the  rolling  mill 
itscher  Kaiser  in  Dinslakeu,  a  wall  of  the  rear  header 
ime  loose  at  the  welded  seam  and  rolled  up  to  the 
ind  row  of  stay-bolts.  The  boiler  was  built  in  1897 
a  working  pressure  of  approximately  160  lb.  and,  as 
,  used  furnace  gases  from  the  mill.  In  all  three 
■s,  the  explosions  were  violent,  the  boilers  being  thrown 
,  190  and  20  ft.,  respectively. 

nvestigation  showed  that  there  were  other  causes  be- 
s  possible  weakness  of  the  welded  seams,  which  in 
nselves  might  have  been  sufficient  to  account  for  the 
losions.  In  the  Borsic  boiler  it  was  found  that  the 
sr  welded  seam  of  the  header  was  exposed  to  the  di- 

action  of  the  gases,  owing  to  insufficient  protection 
the  boiler  setting  which  had  been  defective  for  some 
e.  Similar  conditions  were  found  in  the  Menden- 
werte  explosion,  while  in  the  Dinslaken  accident,  it 

found  that  the  lower  row  of  stay-bolts  was  unusually 

from  the  welded  seam,  8.9  in.,  and  in  that  row  six 
'-bolts  were  broken  and  several  more  cracked, 
loth  the  Prussian  Government  and  the  manufacturers 
e  organized  a  series  of  tests  to  determine  the  strength 
velded  seams  generally.  The  Piedboeuf  Co.  has  made 
;ries  of  tests  with  butt-welded  seams  and  found  that 
ture  occurred  only  at  stresses  many  times  exceeding 
36  to  which  the  seam  would  be  subjected  in  boiler  op- 
:ion.  The  fracture  showed  a  brilliant  surface  colored 
3  and  there  by  oxidized  iron  slag,  the  same  as  the  sur- 
!  of  fracture  of  the  exploded  boilers.  Since  all  pos- 
e  care  was  exercised  in  the  preparation  of  the  test 
ns,  and  the  welded  pieces  were  sufficiently  warm,  it 
ears  that,  with  the  present  methods  of  work,  inclosure 
)xidized  slag  cannot  be  prevented.  With  thick  sheets, 
:i  as  are  used  in  water-tube  boilers,  the  specific  pres- 
?  of  the  two  welded  surfaces  against  each  other  cannot 
made  great  enough  by  hammering  to  force  out  from 
joints  the  slag  formed  by  the  oxidizing-welding  flame. 
'  following  subjects  were  also  investigated : 


1.  The  advisability  of  limiting  the  width  and  depth 
of  the  header,  the  former  when  there  are  two  upper 
drums.  The  use  of  two  headers  side  by  side  would  be  as 
economical  in  operation  as  the  two  upper  drums,  while 
the  handling  of  excessively  large  headers  would  be 
avoided.  On  the  other  hand,  with  the  present  hoisting 
apparatus,  the  single  header  does  not  present  any  serious 
difficulty,  while  two  units  would  be  more  expensive  than 
one  and  the  total  length  of  welded  joint  would  be  longer 
with  the  two  units.  It  was  decided  that  there  was  no 
reason  for  recommending  a  limitation  of  the  width  of  the 
headers. 

2.  The  advisability  of  adopting  a  header  design, 
avoiding  the  use  of  butt  welding  entirely,  or  at  least 
eliminating  the  lower  welded  seams  of  the  headers  lying 
toward  the  fire  side,  was  investigated.  The  following 
types  were  considered:  (a)  Return  to  the  riveting  of  the 
headers,  either  by  connecting  the  side  plate  with  the 
straight  walls  by  means  of  angle  irons,  as  in  sketch  .4, 
or  as  in  the  Willman  boiler,  sketch  B,  bj'  riveting  to- 
gether the  front  and  rear  walls,  provided  for  this  purpose 
with  broad  flanges  so  that  the  rivet  joint  lies  in  the  mid- 
dle of  the  flanges  serving  as  side  plate,  (b)  By  flanging 
both  walls  and  making  an  external  riveted  seam,  as  in 
sketch  C.  (c)  By  flanging  the  fire  wall  and  butt  welding 
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to  it  the  outer  wall,  sketch  I),  (d)  By  flanging  both  walls 
and  autogenously  welding  them  in  the  middle,  as  shown 
in  sketch  E. 

The  design  shown  in  sketch  .1  is  not  advisable  because 
it  does  not  insure  complete  safety  of  operation  and  the 
row  of  rivets  on  the  far  side  forms  a  weak  place  iu  the 
boiler.  This  also  applies  to  the  design  shown  in  sketch  B. 
A  seam,  such  as  is  shown  in  sketch  C,  would  be  expensive 
to  make  on  account  of  the  tall  flanges  of  the  inner  walls 
and.  in  addition,  is  not  absolutely  safe  as  to  tightness  on 
account  of  there  being  only  a  single  calking  edge.  Some 
factories  now  contemplate  the  adoption  of  the  design 
sho^\-n  in  sketch  D,  which  has  the  advantage  of  not  hav- 
ing the  dangerous  inner  welding  seam. 

3.  All  experts  agreed  that  the  stay-bolts  should  be 
placed  as  near  as  possible  to  the  welded  joints  and  not 
farther  than  3  in.  from  the  wall.  As  to  the  advisability 
of  reinforcing  the  stay-bolts  and  drilling  their  ends,  opin- 
ions differ ;  but  it  appears  advisable  to  do  so,  since,  in  the 
Dinslaken  boiler  explosion  it  was  found  that  six  stay- 
bolts  of  the  lower  row  had  broken  before  the  explosion, 
while  several  more  had  started  to  crack. 

4.  The  pro])osal  to  test  the  headers  at  a  pressure 
double  that  of  the  operating  did  not  meet  with  favor. 
Considerably  higher  stresses  are  required  to  rupttire  the 
welded  seam  so  that  such  a  test  would  not  really  show 
much,  and  it  is  difficult  to  make  the  header  water-tight. 
The  high  pressure  may  also  start  cracks  in  the  header. 
The  advisability  of  hammering  up  the  seam  with  heavy 
hammers  during  the  pressure  test  was  universally  recog- 
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nized  as  -well  a.s  the  possibility  of  injuring  the  scam  liy 
too  heavy  sledges.  Tests  are  to  l)e  made  tu  ilctci-minc 
this  point. 

6.  The  question  of  aamealing  the  headers  after  the  ex- 
ecution of  the  welding  work  was  considered;  even  though 
the  boring  of  holes  and  opening  in  the  header  relieves  the 
metal  to  a  certain  extent  from  the  stresses  created  by  the 
welding  process,  this  is  not  complete,  and  a  certain 
amount  of  stress  remains.  AVhen  annealed  some  of  the 
weaker  places  open  up,  while  other  openings  can  be  recog- 
nized by  the  coloration  of  the  metal  sheet  when  cooled. 

A  Novel  Boiler-Cleaning  Arrangement 

In  the  power  plant  of  the  Colorado  Springs  &  Inter- 
urijan  Ey.  Co.,  Colorado  Springs,  Colo.,  the  feed  water 
is  exceptionally  bad  and  a  ^■ery  hard  scale  rapidly  ac- 
cumulates in  the  boiler  tubes.  It  was  impossible  to  re- 
move this  scale  economically  with  any  ordinary  turbine 
or  self-contained  air-driven  cleaner.  Therefore,  in  order 
to  expedite  boiler-cleaning  operations  and  to  greatly  de- 
crease the  time  that  a  given  boiler  is  kept  out  of  commis- 
sion  for   cleaning   purposes,   this   coniiiany   found   it   ad- 
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visable  to  provide   a  special  boiler-cleaning  attachment. 

A  Weinland  mechanical  cutter  head  is  used  for  remov- 
ing the  scale;  it  is  driven  by  a  Lagonda  external  steam 
motor,  so  designed  that  the  square  shaft  carrying  the  cut- 
ter head  can  pass  directly  through  the  motor,  and  while 
revolving  at  high  speed,  can  be  worked  back  and  forth  in 
the  boiler  tiabes,  the  motor  remaining  stationary  upon 
the  supporting  frame.  The  motor  is  supported  between 
rollers  at  the  top  and  bottom  and  is  given  a  horizontal 
motion  on  the  two  supporting  bars  by  a  small  handle  at 
the  top  of  the  motor,  which  turns  a  pinion  ojierating  on  a 
rack  on  the  top  supporting  1)iir. 

To  shift  the  motor  vertically,  the  two  horizontal  bars 
supporting  the  motor  arc  elevated  by  pinions  operating  on 
vertical  racks,  these  pinions  being  operated  by  a  crank 
handle.  Both  the  horizontal  and  vertical  pinions  are  held 
in  place  by  pawls,  so  that  after  the  motor  has  been  ad- 
justed in  front  of  a  tube,  it  remains  stationary  until  the 
scale  has  been  removed  from  that  tube. 

The  motor  can  be  driven  by  either  air,  steam  or  water 
pressure,  and  with  steam  at  100-lb.  pressiire,  will  develop 
7  hp.     The  shaft  su]ip(]rtiiig  tlie  cutter  head  is  sectional 


and  additional  lengths  are  added  as  the  cleaner  is  worked 
into  the  tubes,  the  handle  being  attached  to  the  shaft  liy 
a  swivel  joint. 

While  an  equipment  such  as  this  would  not  'be  recom- 
mended under  all  circumstances,  it  has,  in  this  case,  paid 
for  itself  many  times  o\er.  For  instance,  C.  E.  Bibb, 
chief  engineer  of  the  power  plant,  states  that  this  equip- 
ment quickly  does  the  work  on  scale  that  was  so  thick 
and  hard  he  formerly  had  to  use  a  small  block  and 
tackle  to  force  the  cutter  head  against  the  scale. 

This  equipment  was  designed  and  installed  by  one  of 
the  engineers  of  the  Lagonda  Manufacturing  Co.,  Spring- 
field, Ohio,  and  has  proved  so  satisfactory  where  the  scale 
conditions  are  exceptional  that  several  other  similar 
equipmev.ts    nr?    b";i,g    installed. 


Test  of  Valve  and  Piston  Tightness 

A  somewhat  remarkable  photograph  is  reproduced 
herewith  of  an  engine  running  with  the  cylinder  head 
removed  and  the  head-end  valves  closed  and  disconnected 
from  the  valve-gear.  This  photograph  has  not  been  re- 
t(]uched  and  proves  that  the  engine  is  in  operation  by  the 
blur  of  the  moving  valve-gear  parts. 

The  picture  is  from  the  Ball  Engine  Co.,  Erie,  Pcnn., 
and  shows  one  of  its  Corliss  engines  undergoing  a  test 
tor  the  tightness  of  its  valves  and  piston.     The  engine 


EXGIXE    EcXNlXCi   WITH   CYLINDER  HeAD   REMOVED   AND 

Head-End    Valves    Disconnected 

is  operating  as  a  single-acting  engine,  all  of  the  head 
end  being  out  of  commission,  and  it  is  plain  that  no  steam 
is  escaping,  although  it  is  reported  that  a  few  drops  of 
water  were  discharged  intermittently. 

It  is  especially  creditable  that  this  is  a  new  engine 
and  not  one  that  has  been  operated  for  some  time.  The 
manufacturers  admit  that  it  is  only  recently  that  they 
have  become  able  to  make  the  valves  of  new  engines  so 
tight.  Formerly  it  was  more  common  to  find  an  engine 
running  better,  so  far  as  tightness  of  valves  is  concerned, 
after  it  had  been  in  service  two  or  three  years. 

At  the  time  the  picture  was  taken  the  engine  was  run- 
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iig  id  330  i'.]).!!!.  iiiuk'r  <i  steam  i)ressure  of  140  II).  ,The 
igiue  has  a  13-iii.  cylinder  and  an  18-in.  stroke  and 
ves  a  duty  of  30V2  Hi.  per  i.hp.  per  hour  at  three- 
larlers  li.ad   with   1  Id  Hi.  steam. 

Worthington    Rotary  Air  Pump 

By  \V.  \"ixckx-j'  TinnoiiY 

The  following  description  is  of  an  interesting  con- 
mser  anxiliary,  a  Worthington  rotary  air  pump.  Strict- 
speaking,  this  name  is  a  misnomer,  a  more  applicable 
tie  being  hydranlic  vacuum  pump. 
The  original  Worthington  rotary  air  pump  was  made 


goes  on.  The  air  and  vapors  entering  around  the  rO' 
tating  transforming  wheel  are  promptly  caught  and  in. 
closed  by  the  issuing  water  jets,  then  are  gradually  com- 
pressed on  the  way  down  to  the  tail-pipe  discharge.  The 
transforming  wheel  is  carefully  balanced  and  finished 
with  a  highly  polished  inside  surface.  It  is  carried  on  a 
spindle  rotating  in  ball  bearing.s,  which  are  easily  lubri- 
cated. 

The  operating  water  is  delivered  to  the  nozzle  head 
of  the  air  pump  by  an  ordinary  centrifugal  pumj)  through 
a  regulating  valve.  After  entering  the  nozzle  head,  the 
water  flows  througJi  the  nozzle,  wheel  and  tail  pipe,  and 
returns  to  the  operating-pump  tank,  wherein  the  con- 
tained   air    is    liberated    before    the    operating    water   is 


II 


)out  two  and  a  half  years  ago,  and  has  since  been  in 
intinuous  service  in  connection  with  a  manufacturing 
)wer  plant,  maintaining  a  mean  vacuum  of  38  in.  on  a 
)-in.  barometei'. 

The  design  and  construction  of  this  apparatus  is  ex- 
ediugly  simple,  so  much  so  that  its  very  simplicity  has 

a  way  trended  to  oppose  its  use.    This  pump  is,  in  fact, 

speciallj'   constructed   ejector   and   consists   essentially. 

four  parts :  The  nozzle  head,  jet -transforming  wheel, 
heel  and  air  chamber  and  tail  pipe  containing  the 
ector  cone  and  diffuser. 

The  nozzle  head  contains  an  annular  nozzle,  which  is 
tuated  in  the  bottom  of  the  nozzle  head.  Immediately 
ider  the  nozzle  head  is  the  jet-transforming  wheel  and 
r  chamber  This  transforming  wheel  transforms  tlie 
inular  jet  issuing  from  the  annular  nozzle  into  a  num- 
r  of  jets  of  approximately  rectangular  cross-section, 
ifficient  space  is  left  between  these  jets  for  the  entry 

air  and  vapors  from  the  condeniser,  vacuum  pan  or 
her  apparatus  being  exhausted,  which  is  connected  up 

the  side  of  the  wheel  chamber.  The  rotation  of  the 
lieel  imparts  to  the  jets  a  rapidly  revolving  motion  and, 

a  result,  the  water  jets  rush  through  the  ejector  cone 
id  diffuser  in  the  form  of  a  helix  with  pitch  and  veloc- 
f  diminishing  as  the  compression  of  the  air  and  vapors 
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Fig.  2.   ArrLicATiox  of  Air  Pump  to  \  Suuface 

C'OXDEXSER 

again  picked  up  by  the  operating  pump  and  recirculated. 
After  the  water  leaves  the  tail  pipe  it  passes  over  a  weir 
on  its  return  to  the  operating  pump.  This  weir  is  pro- 
vided so  as  to  assist  the  liberation  of  entrained  air,  and 
it  also  serves  as  a  ready  means  of  measuring  the  quan- 
tity of  water  in  circulation.  Fig.  1  illustrates  the  op- 
eration of  this  apparatus,  and  Figs.  2  and  3  show  the 
application  of  the  air  pump  to  a  surface  condenser  and 
to  a  low-level  jet  condenser,  respectively. 

A  study  of  these  diagrams  will  indicate  the  relatively 
small  amount  of  space  required  for  this  type  of  air  pump. 
The  operating-pump  tank  shown  arranged  under  the  op- 
erating pump  may  be  placed  alongside  or  even  above  the 
pump,  if  the  available  space  is  extremely  limited,  as  it 
will  be  apparent  that  the  air  pump  itself  may  be  placed 
in  any  convenient  position,  the  connecting  pipes  being 
made  to  suit. 
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Th'?  operating  tank  is  of  quite  small  dimensions,  as 
;latively  little  operating  water  is  required,  the  tempera- 
ire  of  the  latter  being  more  or  less  independent  of  the 
icuum  requirements,  owing  to  what  may  be  called  the 
iuctive  action  of  the  water  jets  from  the  transforming 
heel.  In  order  to  prevent  the  temperature  of  the  op- 
rating  water  becoming  excessive  a  small  portion  is  by- 
assed  into  the  injection  supply  to  the  condenser,  when 
Diivenient,  or  to  waste,  a  makeup  connection,  auto- 
latically  controlled,  being  arranged  on  the  operating 
ink.  This  pump  is  particularly  suitable  for  a  variable 
jiul   and   requires   no   attention.      If   the   load    increases 
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Fig.  ;i.   EoTAKY  Air  Pump  Connected  to 
JicT  Condenser 

onsiderably,  the  vacuum  will  fall  slightly  and  instantly 
ecover  itself  on  a  resumption  of  normal  conditions. 

Even  if  a  serious  leak  should  occur,  causing  the  vac- 
um  to  fail,  it  will  build  up  again  immediately  the  leak 
5  removed.  This  flexibility  is  because  the  air  pump  is 
adependent  of  the  operating  pump  on  the  vacuum  side. 
L  number  of  these  machines  have  been  installed  to  handle 
Dads  up  to  45,000  lb.  of  steam  per  hr.  with  the  vacuum 
anofing  from  27.5  to  28.5  in.  under  guarantee. 


At  the  Newark  Bay  pumping  station  (Newark.  N.  .1.)  of 
tie  Passaic  VaHey  sewerage  district,  three  100.000.000-gal. 
ubmerged  centrifugal  pumps  are  to  be  installed.  Tlie  pumps 
nil  be  directly  connected  to  engines,  supplied  with  steam 
rom  vertical  internally  fired  boilers.  The  duty  called  for  is 
OO.OOn.ono  gal.  per  hr.  against  a  37-ft.  head  or  50.000.000  gal. 
gainst  a  20-ft.  head,  and   "at  all  rates  between." 


The  Frahm  Vibration  Tachometer 

Unlike  most  tachometers,  the  Frahm  laas  no  gears  and 
is  not  made  to  register  through  outside-rotating  connec-  , 
tions  with  the  machine  on  which  it  is  mounted.  Instead 
an  application  of  the  principle  of  resonance  is  made  by 
rigidly  mounting  one  OT  more  rows  of  tuned  reeds  side  by 
side  on  a  common  base.  Fig.  1.  The  reeds  are  made  of 
spring  steel  about  3  mm.  wide  with  the  free  ends  bent 
over,  as  shown  in  the  end  elevation. 

The   instrument  is  mounted  dii'ectly   to  the   machine 
usually  by  solid  iron  brackets.   Slight  vibrations  are  set 


Fig.  1.    How  Indicating  Eeeds  Are  Mounted 

■up  by  the  revolving  element  of  the  machine,  whicli  is  never 
perfectly  balanced.  The  number  of  vibrations  depends 
upon  the  speed  of  rotation,  and  that  reed  in  the  instru- 
ment whii.'h   is  in  tune  with   the   vil)rations  will   vibrate 


Fig.   2.    Showing  Yii51!ation   of   1\eed 

through  the  action  of  resonance,  thereby  indicating  the 
revolutions  per  minute  of  the  machine.  If,  say,  a  turbine 
is  making  3000  r.p.m.,  there  mil  be  3000  impulses  and 
the  reed  tuned  for  3000  impulses  will  vibrate,  thus  in- 
dicating the  speed.  The  interval  between  the  reeds  is 
usually  from  1  to  2  per  cent,  of  the  maximum  range  so 
as  to  give  accurate  readings. 

Fig.  2  shows  a  part  of  the  graduated  face  of  the  in- 
strument. Notice  the  reed  indicating  a  speed  of  3250 
r.p.m.    Fig.  3  shows  the  appearance  of  the  instrument. 

The  instrument  is  liest  suited  for  speeds  ranging  from 
900  to  8000  r.p.m.,  being  adapted  to  turbines,  motors, 
centrifugal  pumps,  etc.  Should  the  reeds  vibrate  ex- 
cessively, a  piece  of  felt  should  be  placed  between  the  ma- 
chine and  the  supporting  bracket. 
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Fig.  ;3.   The  Frahm  Vibration  Tachometer 

The  vibrations  set  up  by  a  turbine  are  indicative  of  the 
Qclition  of  balance  of  the  rotor.  It  vi^ould  seem,  there- 
re,  that  this  instrument  would  show  by  the  amplitude 
the  vibration  of  the  reeds  whether  or  not  the  machine 
s  in  normal  balance. 

The  Frahm  tachometer  is  made  l)y  Siemens  &  Halske, 
rmany.  James  G.  Biddle,  1211  to  1213  Arch  St., 
liladelphia,  is  sole  agent  for  the  United  States. 


New  Kroeschell  Boiler 

The  accompanying  illustration  is  of  the  combination 
ter-  and  fire-tube  boiler  recently  developed  and  pat- 
ted by  the  Kroeschell  Brothers  Co.,  Chicago,  111.,  with 


shell  and  extending  back  about  two-tliirds  of  the  length  of 
the  boiler. 

The  connection  between  the  front  water  leg  and  the 
main  shell  is  10  to  12  in.  in  diameter  through  which  the 
water  flows  with  a  high  velocity. 

A  part  of  the  rapidly  moving  stream  of  water  entering] 
the  drum  through  the  front  connection,  passes  under  the] 
deflection  plate,  preventing  any  deposit  of  scale-forming] 
material  on  the  shell  or  tubes  and  causing  such  material 
to  be  carried  to  the  sediment  chamber  in  the  rear  wateS 
leg,  whence  it  is  readily  discharged  through  the  blowoffi 

It  is  claimed  that  after  a  run  of  one  of  these  boilers 
for  four  weeks  in  actual  operation,  there  was  found  a  dc-j 
posit  of  less  than  one  pint  of  sediment  in  the  drum  and 
this  had  settled  on  top  of  the  deflection  plate  near  iti 
rear  end. 

Hollow  stay-bolts  are  used  with  openings  large  enough 
to  admit  a  flue  blower,  whereby  accumulations  of  soot 
may  be  blown  olf  the  outside  surfaces  of  the  tubes  at 
frequent  intervals.  A  handhole  plate  is  placed  opposite 
each  end  of  each  tube  for  inspection  and  cleaning. 

The  furnace  baffling  is  so  arranged  that  the  gases  of 
combustion  pass  around  the  water  tubes  and  under  the 
shell  of  the  boiler,  returning  through  the  fire  tubes  and 
passing  out  of  the  smoke  box  at  the  rear.  This  arrange- 
ment removes  the  lower  half  of  the  shell  from  the  fierce 
impingement  of  the  fire  and  still  retains  it  as  efficient 
heating  surface.  It  also  prevents  unequal  expansion  and 
contraction  between  the  tubes  and  the  shell,  thus  pre- 
venting leaky  tubes. 

On  account  of  the  rapid  circulation  it  is  also  claimed 
that  this  boiler  gives  an  efficiency  equal  to  a  water-tube 
boiler  as  well  as  a  high  overload  capacity  and  great  flex- 
ibility. 

Summed  up,  the  points  of  merit  claimed  for  this  boiler 
are  high  efficiency;  great  overload  capacity;  rapid  and 
positive  circulation;  self-cleaning  of  mud  and  sediment; 
accessibility;    low    draft    resistance,    which    means    good 


The  Kroeschell  Combination  WATER-TrBE  and  Fire-Tube  Boiler 


!  idea  of  combining  the  advantages  of  both  the  water- 
)e  and  the  horizontal  return-tubular  boiler, 
riie  boiler  consists  essentially  of  a  return-tubular  boiler 
which  are  attached  two  water  legs ;  tubes  are  expaiuled 
o  these  water  legs  in  straight  horizontal  rows  with  a 
A'nward  inclination  toward  the  rear  water  leg  of  1  in. 
the  foot.  Three  or  four  rows  of  tubes  are  used,  ac- 
■ding  to  the  size  of  the  unit.  Among  the  special  fea- 
•es  are  the  connection  between  the  front  water  leg  and 
'  shell,  and  a  deflection  plate  in  the  bottom  of  the  shell, 
)jecting  into  the  connection  between  the  water  leg  and 


combustion  under  ordinary  or  poor  draft  conditions; 
freedom  from  tube  leakage  and  rapid  steaming  ability, 
which  makes  it  well  adapted  to  fluctuating  loads. 


.Some  machines  need  coaxing:  some  have  to  be  forced  to 
higher  efficiency.  Machines  act  very  humanlike  at  times.  A 
little  higher  or  lower  speed  may  increase  the  output.  I've 
reduced  a  machine's  speed  and  increased  its  average  output. 
Machines  must  be  matched  with  work  and  conditions  just  as 
men.  Sixty  warpers  in  a  white-goods  mill  were  operated  for 
years  with  the  creel,  instead  of  the  front  of  the  machines 
toward  the  light.  When  they  were  faced  in  the  opposite 
direction,   the  output  was   increased. — "Factory." 
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Installation  and  Care  of  Storage 
Batteries — II 

By  H.  M.  Nichols 
First  Charge 

The  charging  current  should  be  ready  to  turn  on  as 
soon  as  the  electrolyte  is  poured  into  the  cells;  otherwise 
the  plates  are  liable  to  be  injured  by  sulphating  if  al- 
lowed to  stand  in  the  acid  without  being  charged.  Have 
all  connections  made,  cables  run,  etc.,  to  avoid  delay,  and 
never  under  any  circumstances  allow  the  new  plates  to 
stand  in  the  acid  longer  than  two  hours  before  beginning 
the  charge.  Care  must  be  taken  to  see  that  the  positive 
pole  of  the  charging  dynamo  is  connected  to  the  positive 
pole  of  the  battery  as  a  reversal  in  connections  would 
ruin  the  battery. 

It  is  a  good  plan  to  test  out  the  generator  connections 
with  a  direct-current  voltmeter  and  then  make  them 
permanent  to  avoid  danger  of  their  being  accidentally 
changed.  If  at  any  time  repair  work  is  done  on  the  gen- 
erator or  cables  leading  to  the  battery  board,  reeheck  the 
polarity,  as  there  is  always  the  possibility  of  reversal. 

The  first  charge  should  be  carried  on  for  a  period  of 
20  to  30  hours  or  even  longer  as  this  charge  is  necessary 
to  complete  the  forming  of  the  plates.  The  charging  may 
be  carried  on  at  the  normal  rate,  provided  the  temperature 
of  the  cells  does  not  go  above  100  deg.  F.  If  the  tem- 
perature goes  above  this  point  the  charging  current  must 
be  reduced.  It  is  permissible  to  charge  at  a  rate  lower 
than  normal  for  a  correspondingly  longer  time  if  it  hap- 
pens to  be  more  convenient  to  do  so. 

The  normal  rate  of  charge  is  usually  marked  on  the 
cells  by  the  manufacturers,  but  it  may  be  found  by  divid- 
ing the  ampere-hour  rating  by  eight.  Thus  for  a  cell 
the  rated  capacity  of  which  is  800  amp-hr.,  the  normal 
charging  rate  would  be  100  amp. 

The  voltage  required  at  the  beginning  of  the  charge 
will  be  about  two  volts  per  cell  and  this  will  rise  to  a 
maximum  of  about  2.6  volts  when  the  cells  are  fully 
charged.  As  the  charging  nears  completion  the  cells  will 
begin  to  gas  freely,  indicating  that  the  plates  have  taken 
up  nearly  all  the  charge  possible  and  that  the  surplus  cur- 
rent is  being  used  up  in  decomposing  the  electrolyte.  At 
this  point  it  is  well  to  decrease  the  charging  current,  al- 
though moderate  gassing  does  no  particular  harm  other 
than  waste  energy. 

When  the  cells  are  first  filled  with  electrolyte  the 
specific  gravity  will  fall  considerably  below  1.200,  due  to 
absorption  by  the  plates.  The  specific  gravity  will  rise 
during  the  charge  until  it  reaches  slightly  over  1.200  at 
full  charge.  During  the  ordinary  operation  of  the  cells 
the  specific  gravity  when  charged  is  about  0.025  higher 
than  when  discharged. 

General  Charging 
Always  charge  at  the  normal  rate  or  lower  except  in 
the  ease  of  emergencies.     The  longest  life  and  highest 


efficiency  is  obtanii'd  when  tlie  itattcry  is  charged  slowly. 
During  the  charge  the  voltage  rises  from  about  1.8  volts 
per  cell  to  approximately  2.5  volts  when  fully  charged. 

As  the  battery  becomes  fully  charged,  bubbles  of  gas 
will  be  given  oft'  freely,  which  will  give  the  electrolyte  the 
appearance  of  boiling.  Sometimes  these  bubbles  are  so 
fine  and  numerous  that  they  give  the  liquid  a  milky- 
white  appearance.  When  the  battery  reaches  this  stage  it 
is  considered  fully  charged,  although  it  can  be  made  to 
take  up  a  small  additional  charge  l)y  reducing  the  strength 
of  the  charging  current. 

The  specific  gravity  of  the  electrolyte  gives  another 
valuable  indication  of  the  amount  of  charge  held  in  the 
cell,  but  it  is  usual  practice  to  depend  principally  on  the 
voltmeter  readings. 

If  the  battery  is  allowed  to  remain  idle  for  any  length 
of  time,  it  should  be  given  a  charge  every  week  or  two 
to  comi)ensate  for  the  loss  of  charge  due  to  current  leak- 
age. If  the  battery  is  allowed  to  stand  much  longer  than 
two  weeks  without  being  freshly  charged,  there  is  great 
danger  that  the  plates  will  be  injured  by  sulphating. 

Trouble  is  sometimes  experienced  from  excessive  acid 
spray.  As  the  battery  becomes  nearly  charged,  the  gas 
Ijubbles  become  so  numerous  that  the  electrolyte  appears 
to  boil  and  these  bubl)les  breaking  at  the  surface  throw 
a  fine  spray  of  acid  into  the  air.  This  spray  corrodes  all 
the  metal  fittings  that  it  comes  in  contact  with  and  »k 
also  very  irritating  to  breath. 

Various  remedies  have  been  tried,  such  as  having  a 
film  of  oil  over  the  electrolyte  whicli  does  away  with  the 
spray,  but  is  objectionable  because  it  sticks  to  the  plates 
when  they  are  removed,  increasing  their  resistance  when 
they  are  replaced.  Another  plan  is  to  put  glass  covers 
over  the  tops  of  the  cells,  but  they  soon  collect  dust  which 
forms  a  conducting  surface  for  the  leakage  of  current. 
The  best  plan  is  to  reduce  the  charging  current  near  the 
end  of  the  charge  and  depend  on  good  ventilation  to  re- 
move what  fumes  are  given  off. 

DiSCHAItGIXG 

In  ordinary  practice  a  battery  is  discharged  within  a 
few  hours  after  it  has  been  charged.  Under  these  condi- 
tions the  battery  will  deliver  from  75  to  80  per  cent, 
of  the  energy  put  in  during  charge.  In  some  installa- 
tions the  battery  is  kept  "floating"  on  the  line  so  that  it 
will  take  care  of  any  heavy  overloads  and  thus  keep  the 
line  voltage  from  fluctuating.  In  this  type  of  installation 
the  battery  carries  a  considerable  percentage  of  full 
charge  most  of  the  time,  as  it  is  likely  to  be  on  discharge 
for  only  a  few  minutes  at  a  time  and  then  shift  to  charge 
as  the  load  drops,  and  so  on  throughout  the  day. 

If  the  battery  is  allowed  to  stand  a  week  before  dis- 
charging, there  will  be  an  additional  loss  of  about  25 
per  cent,  in  efficiency. 

The  discharge  rate  in  amperes  is  usually  the  same  as 
the  charging  rate,  which  is  found  by  dividing  the  ampere- 
hour  rating  by  8.     The  battery  may  be  discharged  at  a 
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e  considerably  greater  than  the  S-hr.  rate  for  a  eorre- 
iiidingly  shorter  time.  In  doing  this,  however,  a  cer- 
n  percentage  of  the  capacity  in  ampere-hours  is  wasted, 
r  example,  a  cell  ivhose  8-hr.  discharge  rate  is  50  amp. 
y  be  discharged  at  the  rate  of  200  amp.  for  one  honr. 
t  in  doing  this  the  cell  suffers  a  loss  of  50  per  cent,  in 
ampere-hour  capacity.  Excessive  discharge  rates  are 
urious  to  most  forms  of  cells  and  should  be  avoided, 
rhe  types  of  cells  that  use  pasted  plates  are  the  most 
ble  to  injury  from  this  cause.  A  battery  should  never 
discharged  below  a  voltage  of  1.8  volts  per  cell,  except 
the  case  of  heavy  discharge  for  short  periods.  If  the 
:tery  is  discharged  at  the  one-hour  rate,  the  voltage 
y  be  allowed  to  fall  as  low  as  1.6  volts  per  cell.  If  this 
e  is  not  observed  the  cell  is  very  likely  to  be  perma- 
Qtly  injured. 

Xever  allow  the  battery  to  stand  discharged  for  more 
m  two  or  three  days,  as,  otherwise,  its  capacity  is  likely 
be  considerably  lessened  by  ''sulphating." 

Wekkly  Ixspectiox 

Once  a  week  each  cell  in  the  battery  should  be  carefully 
ipected  and  tested.  With  the  battery  fully  charged, 
asure  the  voltage  of  each  cell  with  a  low-reading  volt- 
■ter.     For  this  purpose  a  pair  of  prick-point  leads  will 

found  convenient.  These  are  made  by  soldering  a 
igth  of  flexible  cable  to  a  sharp  spike  which  is  driven 
o  a  wooden  handle,  the  cable  being  brought  out  through 
lole  drilled  through  the  central  axis  of  the  handle. 
With  the  battery  fully  charged  also  measure  the  specific 
jvity  of  the  electrolyte  in  each  cell.  In  measuring  the 
?cific  gravity  of  the  electrolyte,  use  a  battery  syringe 

draw  a  sample  for  test  from  the  lower  part  of  the 
1,  as  there  is  likely  to  be  a  slight  difference  in  density 
;ween  the  top  and  the  bottom  of  the  cell.  A  low  specific 
ivity  or  low  voltage  indicates  trouble  of  some  kind 
lich  should  be  investigated  and  corrected  at  once.  If 
y  of  the  positive  plates  have  a  light  color  it  indicates 
sufficient  charge. 

Examine  the  cells  for  short-circuits  both  external  and 
ernal.    When  sufficient  sediment  collects  in  the  bottom 

the  cells  to  threaten  a  short-circuit,  siphon  off  the 
ctrolyte,  which  may  be  u.sed  again  and  flusli  out  the 
Is  with  clean  water. 

The  electrolyte  should  be  kept  at  least  i/^  in.  above  the 
)s  of  the  plates.  Any  electrolyte  that  is  spilled  or  dis- 
lated  by  acid  spray  should  be  replaced  by  electrolyte 

1.200  specific  gravity.  Any  loss  due  to  evaporation 
ist  be  replaced  by  distilled  water.  When  the  cell  is 
lly  charged  the  specific  gravity  should  be  about  1.200. 
the  hydrometer  shows  a  lower  figure  when  the  voltage 

the  cell  and  the  color  of  the  positive  plates  indicate 
II  charge,  dilute  acid  should  be  added  to  bring  up  the 
K'ific  gravity  to  1.200.  Xever'add  strong  acid  directly 
the  electrolyte  in  the  cell. 

If  the  specific  gravity  is  too  high  add  pure  dis.illcd 
ter  to  the  bottom  of  the  cell  with  a  battery  syringe  or 
bber  tube.  It  is  necessary  to  add  the  water  at  the  bot- 
n  as  it  is  lighter  than  the  electrolyte  and  if  it  was 
ded  at  the  top  it  would  not  mix  well. 
A  record  should  be  kept  of  the  weekly  inspection  of  the 
ttery  so  that  a  comparison  can  be  made  from  week  to 
ek  of  the  action  of  each   individual  cell. 


A  convenient  form  for  this  record  is  given  below. 

STORAGE  BATTERY  INSPECTION  RECORD 

Station Date 


Volta  Open 
Cell  No.      1         Circuit 

Specific 
Gravity 

Remarks 

1 

1 

' 

Always  take  the  record  with  the  battery  fully  charged 
and  also  record  the  total  battery  voltage.  Under  the  col- 
umn headed  "remarks,"  note  any  peculiar  conditions  of 
the  cell  and  also  any  troubles  corrected.  Also  record  any 
additions  of  water  or  acid  to  the  electrolyte  to  bring  its 
specific  gravity  to  the  proper  value. 

LofATIXG   AND   CORRECTING   TliOlBLES 

The  most  frequent  troubles  that  occur  in  storage  bat- 
teries are  short-circuiting,  sulphating,  flaking,  disintegrat- 
ing of  the  plates,  and  buckling  or  warping  of  the  plates. 

SiionT-( 'ii;c[-iTiNCi 

A  short-circuit  is  indicated  when  the  voltage  and 
specific  gravity  are  below  normal.  The  short-circuit  ma} 
be  caused  by  sediment  collecting  in  the  bottom  of  tin 
cell  or  by  some  foreign  substance  falling  into  the  ceil 
Cracked  insulation  may  also  cause  a  partial  short-circuit 

A  cell  that  has  been  short-circuited  will  require  more 
than  its  usual  amount  of  charge  for  some  little  time. 
This  can  be  accomplished  by  charging  the  cell  as  usual 
but  cutting  it  out  of  circuit  for  several  discharges.  Thi-; 
method  is  only  practical  with  small  cells  that  are  con- 
nected together  with  bolt  connectors.  Another  plan  that 
does  not  require  the  disconnecting  of  the  cell  under  treat- 
ment is  to  give  it  an  additional  charge  from  an  outside 
source  after  the  battery  has  been  fully  charged.  Tem- 
porary leads  can  be  run  to  the  ilefective  cell  for  thi:i 
purpose. 

SUI.PHATING 

A  cell  is  said  to  be  sulphated  when  a  whitish  scale  of 
lead  sulphate  forms  on  the  plates.  This  scale  is  a  non- 
conductor and  thus  serves  to  insulate  the  active  material 
from  the  plates.  Any  indications  of  sulphating  should 
be  corrected  at  once,  for  if  it  is  allowed  to  continue  it 
will  not  only  greatly  reduce  the  capacity  of  the  battery 
but  will  also  lead  to  other  serious  troubles. 

Sulphating  may  be  caused  by  overdischarging,  or  the 
battery  may  be  left  in  a  discharged  condition  for  several 
days,  even  if  the  limit  of  discharge  has  not  been  exceeded. 
If  the  electrolyte  is  allowed  to  get  too  hot  (due  to  an  ex- 
cessive discharge  rate)  or  if  it  is  too  strong  the  plates 
are  likely  to  sulphate.  A  short-circuit  may  also  cause 
sulphating  by  discharging  the  cell  below  its  proper  volt- 
age. 

A  cell  that  is  badly  sulphated  should  have  the  plates 
removed  and  carefully  scraped  until  all  traces  of  the  scale 
have'  been  removed.  The  cell  should  then  be  charged  at 
a  low  rate  (from  one-quarter  to  one-half  the  normal  rate) 
and  only  partially  discharged.     This  treatment  should  be 
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continued  until  tliu  milifhaling  is  entirely  eliminated  and 
the  cell  returns  to  its  normal  eoudition. 

In  some  instances  it  is  a  good  plan  to  add  a  small 
(quantity  of  sodium  carbonate  to  the  electrolyte,  which 
will  help  to  dissolve  the  objectionable  scale.  After  the 
scale  has  been  removed  the  electrolyte  should  be  thrown 
out,  and  the  plates  carefully  washed  to  remove  all  traces 
of  the  soda. 

Flaking^  DISINTEGKATl^(i  and  Buckling  of  the 
Plates 

If  the  plates  are  allowed  to  become  badly  sulphated,. 
the  final  result  will  be  that  the  active  material  will  peel 
off  in  large  flakes.  Buckling  is  caused  by  sulphate  work- 
ing in  between  the  active  material  and  the  supporting 
grid.  Flaking  and  buckling  are  also  caused  by  excessive 
discharge  rates  and  sometimes  by  long  ■  continued  over- 
charge. 

Flaking  is  objectionable  because  it  reduces  the  capacity 
of  the  cell,  due  to  the  loss  of  active  material.  Buckling 
is  likely  to  break  up  the  pellets  of  active  material  and 
cause  them  to  drop  out. 

Sometimes  a  plate  that  has  begun  to  buckle  can  be 
straightened  by  putting  it  between  two  soft  pine  boards 
and  pounding  on  them  gently  with  a  wooden  mallet,  tak- 
ing care  not  to  disturb  the  active  material.  Positive  plates 
are  more  likely  to  be  injured  from  any  of  these  troubles, 
anil  it  is  to  them  that  particular  attention  should  be 
given. 

Taking  the  Batteijy  Out  of  Service 

In  many  installations,  such  as  country  residences,  sum- 
mer hotels,  etc.,  the  storage  battery  is  allowed  to  lie  idle 
for  a  period  of  several  months.  In  installations  of  this 
type  the  storage  battery  should  be  taken  out  of  service  at 
the  end  of  the  season. 

This  is  accomplished  by  first  discharging  the  battery 
fully  at  the  normal  rate,  then  .siphoning  the  electrolyte 
into  clean  carboys  for  future  use,  and  filling  each  cell  as 
soon  as  it  is  emptied  with  jiure  water.  When  the  elec- 
trolyte has  been  replaced  with  water  in  all  the  cells,  the 
battery  should  be  discharged  until  the  voltage  falls  below 
one  volt  per  cell  with  normal  current  flowing.  When 
this  condition  is  reached  the  water  should  be  siphoned 
off.  The  plates  may  be  left  in  the  cells  or  they  may  be  re- 
moved and  packed  away  for  storage.  When  it  is  desired 
to  put  the  battery  in  service  again,  proceed  as  when  the 
battery  was  first  started,  giving  it  an  initial  charge  of 
from  20  to  30  hr.  at  the  normal  rate. 

A  New  Primary  Cell 

By  Dk.  Leonard  K.  Hirshberg 

A.  J.  Paine,  of  Wanstead,  Eug.,  has  just  invented  a 
simple  element  for  generating  current  that  yields  ly^ 
volts  for  12  hr.  He  was  in  need  of  a  primary  cell  which, 
as  he  put  it,  would  "go  one  better  than  the  ordinary  well 
known  cell,"  and  iifter  making  a  long  search,  ultimately 
came  to  this  combination. 

He  recognized  that  chloride  of  iron  had  been  previous- 
ly used  in  cells  as  depolarizers,  Init  considered  no  such 
cells  satisfactory  either  as  to  capacity  or  durability.  He, 
therefore,  adopted  a  zinc-carbon  excitant  with  chloride  of 
iron  around  the  carbon  and  a  saturated  solution  of  sodium 
hyposulphite  around  the  zinc.     This  gave  liA  volts  with 


a  very  low  resistance.  Four  cells  that  each  held  a  quart 
gave  2  amp.  and  6  volts  which  lasted  11%  hr.  when  a 
slight  decrease  in  current  began.  The  current  remained 
constant  as  long  as  the  chloride  of  iron  was  saturated. 

The  carbons  can  be  made  of  a  gridiron  series  of  plates 
with  lumps  of  the. iron  chloride  on  top.  Plain  zinc  is 
better  than  analgamated  zinc.  If  a  black  scum  forms 
after  11  hr.,  a  little  running  water  will  remove  it.  There 
is  no  odor  at  all  to  the  Paine  cell.  Hyposulphite  of  soda 
is  twice  as  efficient,  according  to  the  inventor,  as  zinc  sul- 
phate or  other  zinc  solutions. 

Troubles  with  a  Second-Hand 
Dynamo 

Buying  second-hand  electrical  machinery  is  largely  a 
gamble.  In  the  present  instance  a  four-pole,  25-kw., 
110-volt  dynamo  was  purchased  from  a  reliable  dealer  on 
a  guarantee  to  be  in  good  running  order  and  to  develoi) 
the  rated  load  when  running  at  625  r.p.m. 

The  machine  was  set  up  and  started,  but  would  not 
show  more  than  four  volts  by  the  voltmeter.  Short-cir- 
cuiting the  armature  would  only  raise  the  voltage  tem- 
porarily, its  value  dropping  back  as  soon  as  the  short- 
circuit  was  removed. 

A  careful  examination  of  the  machine  and  the  arma- 
ture winding  showed  the  direction  of  rotation  to  be  right, 
but  it  was  almost  impossible,  owing  to  the  taped  insula- 
tion to  tell  the  direction  of  the  shunt-coil  winding. 

There- were  no  marks  to  indicate  which  were  the  posi-.. 
five  or  negative  terminals  and  the  position  of  the  brushd^. 
was  all  one  had  as  a  guide.     Aft«r  tracing  the  winding 
it  was  discovered  that  the  wires  leading  to  the  rheostat 
were  both  connected  to  the  same  side. 

To  rectify  this  mistake,  which  had  made  the  nuignetiz- 
ing  effect  of  the  shunt  coil  almost  nil,  one  wire  was 
changed  to  the  opposite  .side  which  made  the  shunt  coil 
active,  and  the  machine  immediately  built  up  the  volt- 
age, but  would  not  carry  more  than  half  load  without 
lowering  the  voltage.  This  was  due  to  the  fact  that  the 
shunt-field  coil  and  the  series  coil  were  opposing  one  an- 
other. The  series  coil  was  a  very  small  one  and  its  ef- 
fect on  light  loads  was  not  appreciable,  Tjut  when  heavy 
loads  came  on,  its  effect  was  greater  and  the  heavier  the 
load  the  less  the  voltage.  Suispecting  this  to  be  the  cause 
of  the  low  voltage  as  soon  as  it  was  possible  to  stop  the 
machine,  I  shifted  the  leads  of  the  series  coil.  This  left 
the  electromotive  force  flowing  through  both  the  series 
and  shunt  coils  in  the  same  direction  and  the  machine 
then  held  up  the  voltage  as  re(|uircd.     . 

R.  A.  Cultra. 

( 'amin'idije,   Mass. 


The  quantity  of  coal  required  to  produce  a  ton  of  coke  ia 
much  less  than  formerly.  The  average  gain  in  1912  com- 
pared with  10  years  ago  is  probably  at  least  160  pounds.  It 
is  doubtful  if  in  the  earlier  years  the  actual  yield  of  coal  in 
coke  exceeded  60  per  cent,  whereas  in  1912  it  was  67  per 
cent,,  according  to  the  United  States  Geological  Survey.  This 
gain  is  largely  due  to  the  increase  in  the  production  of  by- 
product coke,  in  which  the  yield  of  coke  from  a  ton  of  coal 
is  very  much  higher  than  in  making  beehive  coke.  In  Illinois. 
Indiana,  Massachusetts.  Michigan.  Ne^w  Jersey.  New  York, 
and  Wisconsin,  where  coke  is  made  exclusively  in  by-product 
plants,  the  yield  varies  from  69.6  per  cent,  (in  Wisconsin) 
to  81. S  per  cent,  (in  Indiana),  whereas  in  the  States  where 
beehive  practice  prevails  the  yield  in  1912  varied  from  50 
per  cent,    (in  Georgia)    to   66.5   per  cent,    (in   Pennsylvania). 
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The  Big  Ford  Gas  Engine 

i;v  V.  \i.  \a,\\ 

AVheii  tlio  (irdiiian-  iiuui  lavt;  oul  a  mnmifacturiiig  es- 
ablishmeut  he  puts  the  jjoAver  phint  in  the  bai-k  j'ard  if 
lot  iu  tlie  cellar.  Henry  Ford  is  not  an  ordinary  man, 
md  when  he  bnilt  the  Ford  -n-ork?  in  Detroit  he  put  the 


iiKJ  si't   it  out  upon  the  sidi 
it  looks  (o  the  passerby  on  bu.- 


FlG.  1.    Power  House  feom  Street 


power  plant  in  a  fflas 
walk.     Fig.  1  sIkaxs  how 
Woodward  Ave. 

For  an  ordinary  planv  the  ordinary  man  would  ha\' 
selected  the  "safe  and  sane"  steam  engine.  When  the 
Ford  plant  was  built  the  producer-gas  engine  was  at  the 
front  iu  the  power  field,  ami  Ford  adopted  it  and  has 
held  to  it  through  all  the  vicissitudes  which  have  assailed 
the  liig  gas-engine  business.  When  the  company  from 
which  ihe  first  engine  was  bought  was  unable  to  carry  out 
its  contract  he  completed  it  himself.  With  that  engine 
he  got  Edward  Gray,  and  whether  the}-  made  the  engine 
go  where  so  many  have  failed  may  be  judged  from  the 
fact  that  they  are  today  installing,  built  to  Mr.  Gray's 
design,  the  most  powerful  producer-gas  engine  yet  built 
in  any  country. 

The  first  unit  installed  was  a  3ox48-in.,  two-c}'linder 
tandem  running  at  100  r.p.m.  It  drives  an  850-kw. 
Western  Electric  generator  and  a  2000-cu.ft.  air  com- 
pressor, to  which  it  is  cross-connected,  and  develops  only 
about  one-quarter  of  the  power  which  the  works  at  pres- 
ent denuind.  Fig.  2  .shows  this  unit,  which  is  of  the 
Riverside  tvpe,  described  in  detail  in  our  issue  of  May  5, 
1908. 

The  building,  originally  large  enough  to  accommodate 
this  unit  only,  has  been  extended  to  receive  the  new  large 
engine,  photographs  of  which  are  reproduced  in  Figs.  3 
and  4.     It  was  built  at  Hamilton,  Ohio,  by  the  Hooven, 


Fig.  3.    Gexer-U.  View  of  .s.mai.lek  Exgixe 
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Fig.  ;i.    Bin  Fokd  i-^MiiMi  j-i;u.m  Hkad  End 


Fig.  4.  Big  Ford  Exgixe  fbom  Generator  Exd 
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eus,  Rentschler  Co.,  and  we  liope  in  a  future  issue  to 
ible  to  describe  it  more  iu  detail, 
'he  engine  casting  is  designed  symmetrically  around 
center  line.  There  is  uo  massive  bedplate.  The  mo- 
of  the  designer  was  not  to  bind  his  engine  together 
^reat  masses  and  then  torture  them  with  conflicting 
sses,  due  in  part  to  their  own  massiveuess,  but  to 
1  the  cylinders  in  line  upon  an  ample  foundation  with 
■dom  to  come  and  go  under  stress  and  temperature, 
with  plenty  of  metal  to  take  tlie  working  stress  and 
■igidly  preserve  alignment  and  relative  jjositiou  where 
■^  are  essential.  The  weight  is,  therefore,  carried  di- 
ly  by  the  foundation  with  light  sole  plates  and  guides 
he  places  where  movement  will  take  place, 
'his  is  a  one-story  and  basement  engine,  and  the  valve- 
r  is  all  in  the  basement;  see  Fig.  6.  There  are  four 
ble-acting  cylinders,  42x72  in.,  two  iu  tandem  upon 
1  side,  held  together  with  four  6-in.  tie-bolts.  The 
iue  is  designed  to  run  at  85  r.p.m.,  or  1020  ft.  of  pis- 
speed.  There  have  been  gas-engine  ej-linders  of 
iter  diameter,  but  this  length  of  stroke  and  piston 


Fig.  5.  Cbaxkshaft  axd  Craxk 

k1  give,  we  think,  the  greatest  displacement  that  has 
been  attained  per  cylinder. 

'he  length  of  the  engine  from  the  front  of  the  pillow 
•k  to  the  end  of  the  tail-rod  extension  is  73  ft.  and 
overall  width  is  32  ft.  The  crankshaft  (Fig.  5)  is 
n.  in  diameter.  25  ft.  long,  carrying  an  SO-ton  flywheel 
a  2500-kw.  generator  armature,  and  the  connect- 
rods  weigh  10,300  lb.  each.  The  generator  is  capable 
:-arryiug  a  25  per  cent,  overload,  and  the  engine  has 
apacity  of  5000  i.hp. 

lie  layshafts  are  driven  by  bronze  worms  upon  the 
n  shaft,  and  are  divided  by  pin  couplings,  so  that 
expansion  takes  place,  each  section  remains  with  its 
ticular  cylinder  and  the  crank  .ff  preserves  its  align- 
it  with  the  rocker-arm  A,  Fig.  7,  which  it  drives.  Each 
:haft  carries  four  cranks,  one  for  each  end  of  each 
nder,  and  each  crank  operates  both  the  inlet  and  the 
aust  valve  of  the  end  which  it  serves. 
!oth  of  these  valves  are  of  the  mushroom  type  and  are 
ited  in  the  pockets  in  tlie  bottom  of  the  cylinder.  Tlie 
aust  port  is  visible  in  the  bottom  of  the  cylinder,  Fig. 
The  crank  rod  takes  hold  of  the  rocker-arm.  which  is 
nected  b^   a  right  and  left  connection  to  the  exhaust- 


valve  wiper  B.  This  is  .shown  in  its  active  position  in 
Fig.  6.  In  this  position  a  small  movement  of  the  rock- 
ing lever  will  produce  a  considerable  movement  of  the 
wiper  and  communicate  a  quick  movement  to  the  valve, 
while  in  Fig.  7  the  wiper  is  shown  iu  its  position  of  dwell 


Fig.  6.   Valve-Geai;  with  Exhaust  Valve  Just 
Beixg  Raised 


I 


Fig.  7.   A'alve-Gear  with  Exhatst-Valve  Wipek 
IX'  Position  of  Dwell 

where  the  rocker-arm,  and  especially  the  crank,  which  is 
near  the  bottom  of  its  throw,  can  move  through  a  con- 
siderable arc  without  moving  the  valve. 

It   will   be    noticed   that   the   rocker-arm   or   beam   is 
double,  and  that  the  connections  are  througli  pins,  with 
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no  overhung  beariugs,  a  principle  whicli  is  carried 
tliroughout  the  design. 

The  admission  valve  is  actuated  by  a  wiper  C  driven 
by  the  lever  D  (Fig.  7),  carried  between  the  arms  of  the 
beam  and  pivoted  at  the  center.  The  hook  E  carried  upon 
a  lever  pivoted  in  lugs  npon  the  rocker-arm.  engages  with 
a  similar  block  upon  the  arm  P  (Fig.  6)  which  forms  a 
bell  crank  with  the  lever  I),  lifting  that  lever  and  with 
it  the  wiper  C,  which  actuates  the  inlet  valve.  A  cam, 
the  position  of  which  is  controlled  by  the  eccentric  // 
ii]ion  the  governor  shaft  K,  trips  the  valve  at  a  point 
ill  the  stroke  determined  by  the  governor,  just  as  the 
steam  valve  upon  a  Corliss  engine  is  tripped,  and  the 
valve  is  closed  liy  a  spring  (not  shown)  and  cushioned 
by  the  cushion  pot  L.  The  governing  is  thus  by  the 
(|iiantitative  niethoil,  and  the  governor,  which  is  of  the 
, I  alms  type,  has  no  other  work  to  perform  than  to  ad- 
just one  position  of  the  tripping  cams.  Motion  is  taken 
olf  from  the  crank  rod  by  the  lever  M  for  the  positive 
Iced  lubricators.  The  entire  gear  is  direct-acting,  sim- 
ple and  accessible. 

Water  for  cooling  the  pistons  is  taken  in  at  the  cross- 
head  between  the  two  cylinders  through  the  telescopic  rod 
B    (Fig.   8).     The  lower  end   is   pivoted   below  the  en- 
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gine  and  the  rod  oscillates  with  the  crosshead.  The  pis- 
ton rod  contains  an  inner  tube  through  which  the  water 
passes  to  the  piston;  on  the  return  it  passes  outside  this 
inner  tube  and  thus  raises  the  temperature  of  the  iii- 
cominir  water. 


Silencer  for  Large  Engines 

In  a  large  engineering  works  where  gas  generated  from 
bituminous  coal  was  the  motive  power,  the  silencer  here 
described  was  constructed  for  one  of  the  power  houses 
to  handle  the  exhaust  gases  from  engines  of  a  total  of 
2500  hp.,  although  at  first  only  one  engine  of  1000  hp. 
was  installed. 

The  silencer  was  built  just  outside  the  power  house, 
and  consists  of  a  brick-lined  pit  divided  into  two  cham- 
Ix'rs,  as  shown  in  the  sketch,  which  is  a  plan  view  with 
the  top  removed.  This  top  consists  of  I-beams,  between 
which  is  cement,  supported  by  wrought-iron  plates  resting 
(.11  the  lower  flanges  of  the  I-beams.  There  also  are  man- 
hdlcs  for  the  two  chambers. 

The  chamber  into  which  the  exhaust  pipe  enters  is  13 
ft.  wide.  84  ft.  6  in.  long  and  7  ft.  6  in.  deep,  with  a 
volume  of  2389  cu.ft.  This  is  separated  from  the  second 
chamber  by  a  perforated  lirick  wall.  The  second  chamber 
is  n  ft.  3  in.  wide,  24  ft.  6  in.  long  and  7  ft.  fi  in.  deep, 
with  a  volume  of  2067  cu.ft. 

The  cast-iron  exhaust  jiipc  entering  the  first  chaml)er 


is  close  to  the  ground,  and  has  an  internal  diameter  of 
3  ft.  41/2  ill-)  gi^'iiig  an  area  of  1288.2  sq.in.  The  lower 
half  of  the  pipe  is  perforated,  the  first  length  by  314-in. 
holes,  pitched  8  in.  from  one  another  in  lines  parallel 
to  the  center  line  of  the  pipe,  and  staggered  from  the  next 
row,  the  rows  being  spaced  4%  in.  apart.  The  area  of  the 
perforations  in  this  length  is  1119  sq.in.  The  second 
length  of  pipe  is  perforated  by  2%-in.  holes  similarly 
spaced,  giving  an  area  of  1230  sq.in.  At  the  outlet  end  of 
the  ])ipe  is  a  blank  flange. 

On  the  top  of  the  second  chamber  arc  three  steel  vent 
stacks,  each   3   ft.   1 V4   in.    internal   diameter  and   5.5  ft. 


I'lan  of   Exhaust  Pit 

high.  The  exhaust  ga.ses  after  leaving  the  engine  pass 
through  a  water  heater,  or  when  the  heater  is  cut  out. 
through  a  grid  of  iron  plates  f)layed  on  by  a  spray  of 
water,  before  entering  the  silencer. 

G.  Moore. 
Xewnrk.  X.  J. 

Another  Hamburg-American  Liner 
with   Diesel  Engines 

From  the  shipyard  of  Blohin  &  Voss,  Hamburg,  has 
been  launched  the  motor  cargo  vessel  "Kurmark"  for 
the  Hamburg-American  Line.  This  vessel  is  of  7500 
tons  gross  displacement  and  will  be  provided  with  two 
single-acting,  four-cylinder,  two-stroke  cycle,  Diesel  en- 
gines developing  a  total  of  2700  b.hp. 

Two  four-cylinder,  four-stroke-cycle  auxiliary  engines, 
each  driving  a  dynamo,  are  provided  ;  one  of  tlie  engines 
also  drives  an  injection  air  compressor,  and  the  other 
a  manoeuvring  air  compressor.  The  compressors  can 
be  disconnected.  A  small  two-cylinder  set,  driving  a 
dynamo  and  an  auxiliary  compressor,  serves  as  a  stand- 
by. When  at  sea  the  main  engines  themselves  effect  the 
operations  necessary  for  their  working.  One  of  the  four- 
cylinder  -  auxiliary  sets  sup])lies,  when  running  at  a 
moderate  speed  (about  250  r.jj.m.),  the  electricity  for 
lighting  the  interior  of  the  ship  and  for  driving  the 
steering  gear,  ballast  pumps,  lathe  and  reserve  auxiliary 
pump.  The  other  auxiliary  engine  forms  a  reserve, 
('ooling-water  pumps,  bilge  pumps,  etc.,  are  driven  from 
the  main  engines.  The  small  reseiwe  set  generates  the 
•  mrrcnt  foi-  lighting  when  in  port. — Der  Qphnoior. 
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Causes  for  Variation  in   Quality 
of  Distilled-Water  Ice 

By  Peter  Neef 

It  is  apparent  to  all  that  there  is  a  grual  variety  in 
the  quality  of  di.stilled-water  ice,  some  plants  produce  a 
superior  grade  while  others  in  the  same  locality  do  not. 
Why  this  is  so  may  he  due  to  a  multitude  of  causes.  There 
are,  however,  several  sinijjie  ones  which  to  a  greater  or 
less  degree  affect  tlu'  qu.iliiv.  ami  some  of  these  will  be 
considered. 

If  juire  distilled  water  cuuld  l)e  placed  in  the  cans,  the 
ice  would  be  practically  clear  and  of  a  uniform  quality. 
This  condition  cannot  he  realized  in  practice  and  all  that 
can  be  hoped  for  is  to  approximate  tlie  ideal  cumlition  as 
nearly  as  possible. 

Air  iu  the  water  is  an  ever  present  trouble.  If  it  has 
not  gotten  into  the  water  before,  it  will  when  the  can  is 
being  filled.  The  amount  will  vary  with  different  tank 
men,  because  intentionally  or  otherwise,  one  man  will  so 
place  the  can  and  filler  that  a  mininuini  amount  of  water 
will  seal  the  end  of  the  filler.  Where  the  storage  tank  is 
placed  so  high  above  the  top  of  the  ice  tank  that  there  is 
considerable  pressiire  at  the  filler,  the  inrush  of  the  water 
to  the  can  when  the  filler  is  opened  will  cause  a  large 
amount  of  air  to  he  taken  up  by  the  water.  This  can  be 
avoided  by  choking  the  flow  to  the  can-filler  hose. 

A  frequent  source  of  air  introduction  is  produced  by 
draining  the  storage  tank  so  low  that  the  outlet  is  ex- 
posed, or  so  nearly  so  as  to  cause  a  suction  of  the  air. 
There  are  times  when  the  packing  about  the  stem  of  the 
can-filler  valve  is  not  tight.  When  not  in  use  a  small 
leak  may  be  observed  at  this  point,  which  usually  disap- 
pears when  the  filler  is  put  into  service,  for  the  water  in 
passing  this  opening  will  cause  air  to  be  drawn  in. 

The  most  fruitful  source  of  air  is  the  flat  cooler,  and 
sometimes  the  filter  as  well,  when  located  above  the  stor- 
age tank.  In  such  an  arrangement  there  is  a  tendeni'y 
at  all  times  to  suck  iu  air  through  small  leaks  about 
the  valve  stems  and  joints.  By  putting  water  pressure 
on  this  part  of  the  apparatus,  the  leaks  may  be  located. 
All  parts  of  the  distilling  system  from  the  reboiler  or 
skimmer  to  the  storage  tank  should  at  all  times  be  full 
of  water  under  pressure. 

Where  the  condition  noted  ]n-evails,  a  regulating  valve 
controlled  from  the  reboiler  or  skimmer  should  be  placed 
at  a  point  below  the  bottom  of  the  storage  tank.  And 
the  opening  through  this  regidator  should  lurt  be  so 
great  as  to  allow  the  water  to  flow  through  faster  than 
supplied  from  the  reboiler  or  skimmer,  for  if  it  does  it 
will  produce  a  suction  on  the  apparatus  lietween  the  regu- 
lator and  the  reboiler. 

Care  must  always  be  exercised  to  see  that  the  reboiler 
is  not  allowed  to  drain,  for  when  it  does  enough  air  is 
introduced  to  ruin  all  the  water  in  the  storage  tank  and 
in  some  cases  to  cau.«e  parts  of  the  apparatus  to  become 
air-bound.     The  surest  method  is  to  have  the  flat  cooler 


and  filter  below  the  bottom  of  the  storage  tank,  which  uill 
insure  their  being  full  of  water  at  all  times,  but  even  then 
it  is  desirable  to  have  the  regulator  below  the  storage   tank. 

A  little  care  in  these  particulars,  remembering  that 
falling  water  will  suck  in  air  when  passing  a  small  open- 
ing, will  reduce  air  troubles  to  a  minimum. 

Air  in  the  water  is  manifested  in  the  ic'c  by  a  white 
core  with  radiating  needles.  But  air  is  not  the  only 
cause  of  white  ice.  Other  gases  generated  in  the  boiler 
from  impurities  contained  in  the  water  used,  pass  with 
the  steam  and  are  taken  up  by  the  water  when  condensa- 
tion takes  place.  Some  of  these  gases  have  a  disagree- 
al)le  odor,  so  often  noticeable  in  manufactured  ice.  A 
pro]>er  venting  of  the  steam  condenser  will  help  to  get 
rid  of  these  gases.  In  other  words,  allow  a  small  amount 
of  steam  to  e.scajie  from  the  condenser  at  all  times. 

The  object  of  the  reboiler  is  to  further  eliminate  these 
gases  as  well  as  the  air,  and  for  that  reason  the  reboiler 
does  better  work  when  the  depth  of  the  water  is  small  in 
com])arison  with  the  area  of  the  water  surface,  so  that 
the  gases  have  a  freer  exit.  In  spite  of  these  precautions 
some  gas  will  remain  in  the  water,  and  for  this  reason  it 
is  customary  to  filter  the  water  through  charcoal,  taking 
advantage  of  its  peculiar  property  to  retain  or  occlude 
them.  The  cai)acity  of  charcoal  for  this  purpose  is  lim- 
ited, esj)eeially  when  some  oil  is  passing  with  the  water, 
as  the  oil  tends  to  fill  up  the  small  interstices  in  the  char- 
coal. When  caie  is  not  exercised  to  thoroughly  eliminate 
these  gases  in  the  condenser  and  reboiler,  it  is  but  a 
short  time  before  the  charcoal  filter  is  of  no  use,  although 
to  the  eye  the  charcoal  may  appear  all  right. 

Of  all  these  gases  the  principal  source  is  the  foreign 
matter  contained  in  the  water  used  iu  the  boiler.  Some 
gas  may  come  from  the  oil  used,  but  the  greater  quantity 
comes  from  the  water.  As  the  process  of  concentration 
goes  on  in  the  boiler,  more  of  these  gases  are  driven  off, 
and  the  higher  the  temperature  of  the  steam,  corresjiond- 
ing  to  a  higher  pressure,  the  more  readily  will  the  gases 
be  formed.  To  obviate  this  trouble,  the  boilers  should 
be  blown  down  frequently,  and  the  steam  pressure  carried 
no  higher  than  is  necessary  for  the  work  and  su]iply  only- 
the  requisite  amount  of  distilled  wafer. 

There  is  another  troidde  causing  white  cores  and  some- 
times a  white  or  cloudy  appearance  of  the  outside  of  the 
cake  of  ii-e,  with  clear  ice  lying  just  under  it.  This 
trouble  also  comes  from  impurities  in  the  water  used  in 
the  boiler.  More  or  'ess  water  is  carried  along  \\'ith  the- 
steam,  and  if  the  boiler  is  priming  the  quantity  may  hei 
considerable.  When  this  raw  water  contains  certain  im- 
purities, they  crystalize  at  the  same  time  as  the  ice  crystals 
are  formed,  and  |)roduce  the  cloudy  appearance  referred 
to.  which  is  easily  distinguished  from  the  white  ice  pro- 
duced by  air.  Other  impurities  concentrate  in  the  centei 
of  the  ice  cake  and  go  to  make  up  the  white  core.  A 
separator  on  the  main  steam  line  will  help  elimimite  this 
trouble,  whii'h  i>  also  lessened  by  tlie  frequent  blowiiijl 
down  of  the  boiler.  I 
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Thure  i.s  the  qiK'sIion  of  iron  ^ll:^t  from  tho  interior  of 
the  apparatus,  the  troubles  caused  by  the  presence  of  oil, 
dirt  and  bacteria,  and  sometimes  raw  water  getting  into 
the  ice  can  from  the  fact  that  the  cans  after  being  in  a 
dip  tank  are  not  drained.  This  trouble  has  been  one  of 
tlie  reasons  ^^•hy  can  dumps  that  return  the  can  to  an  up- 
right position  as  soon  as  the  ice  goes  out,  have  not  been 
popular.  To  guard  against  these  troubles,  as  well  a.s 
many  others  in  different  parts  of  a  plant,  is  the  daily 
consideration  of  a  good  engineer.  It  is  a  fight  all  the 
time  and  success  will  ccmre  only  to  the  engineer  who  will 
use  his  head,  and  is  quick  to  detect  small  irregularities  in 
the  iiperatiiin  nf  the  plant. 

Operating  on  the   Flooded  System 

KV     !!.      L.     iloss.MAN 

Some  of  the  adxautages  of  the  tl le([  system  over  tho 

ex]iansion  evaporating  system  will  be  mentioned  for  the 
benefit  of  engineers  who  have  not  handled  both.  The 
flooded  system  is  used  to  supply  each  and  every  coil  in  the 
freezing  tanks  with  a  proper  supply  of  liquid  ammonia. 
The  distribution  of  the  liquid  is  practically  automatic, 
due  to  the  head  of  the  liquid  carried  in  the  accumulator 
above  the  brine-cooling  coils.  To  pro])erly  regulate  the 
supply  of  liquid  to  each  coil  is  more  difficult  when  the 
exjiansion  eva]iorating  svstem  is  used  for  the  reason  that 
it  is  hard  to  tell  whic-h  coil  is  tjettiiii;  too  much  and  which 
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is  getting  too  little  liquid.  In  a  plate  ice-making  system 
the  necessary  supply  of  ammonia  to  each  plate  becomes 
less  as  the  thickness  of  the  ice  increases,  making  it  neces- 
sary when  separate  expansion  valves  are  used  for  each 
plate,  to  adjust  the  regulating  valve  frequently.  The 
flooded  system  takes  care  of  this  variation  automatically. 

To  get  the  best  efficiency  in  the  operation  of  cooling 
coils  their  internal  surfaces  .should  be  ke]it  wet  by  the 
liquid  at  all  times.  The  pipes  which  are  filled  with  vapor 
do  very  little  work.  The  flow  of  heat  from  the  brine  is 
much  greater  when  there  is  liquid  than  when  there  is 
gas  on  the  inside  of  the  pipes.  The  truth  of  this  state- 
ment can  be  verified  by  observing  the  evaporation  of  a 
sample  of  ammonia  in  a  test  tube.  No  ice  will  be  formed 
on  the  outside  of  the  tube  above  the  surface  which  is 
wetted  by  the  liquid.  A  .similar  action  takes  ])lace  in  the 
coil>  of  the  freezing  tank. 

In  the   flooded  system   li<|ui<l   ammonia   is   fed    into   the 


bottom  of  the  coils,  and  passes  up  through  them  to  the 
accumulator  from  which  it  started.  Here  the  vapor  that 
has  been  formed  is  separated  from  the  liquid,  the  vapor 
going  to  the  suction  of  the  compres-sor,  while  the  liquid 
mixes  with  the  fresh  liquid  introduced  into  the  accunni- 
lator. 

In  the  (lirect-expansiiin   syslein   the  liquid   ammonia   is 
fed  directly  into  tlie  evaporating  coils,  and  must  be  cooled 
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down  to  the  temperature  due  to  the  pressure  within  the 
sj'stem  before  it  can  refrigerate  the  brine.  This  work  nf 
cooling  down  the  liquid  ammonia  usually  requires  tlie 
evaporation  of  about  1-5  per  cent,  of  the  total  liquid  fed 
into  the  system.  In  the  flooded  system  this  work  is  done 
in  the  accumulator,  the  gas  liberated  going  to  the  com- 
])ressor  while  the  liquid  enters  the  coils. 

While  on  this  subject  it  will  be  well  to  mention  that 
the  jjractice  in  some  plants  of  placing  the  ammonia  re- 
ceiver in  the  engine  room  or  some  other  hot  place  should 
be  condemned.  The  receiver  should  be  ))laced  in  as  coni 
a  ])lace  a.'^  |)ossili|c.  ()1  licrwisc,  if  it  is  subjected  to  a  tem- 
]3eratui'e  liighci-  than  the  leniiicrature  due  to  the  con- 
densing pressuiT.  it  will  alisoi'li  licat  and  some  of  it  will 
evaporate  ami  lurcc  \apoi'  hack  to  the  condeu.ser.  Every 
5  deg.  that  the  liijuid  ammoniii  is  cooled  before  it  reaches 
the  regulating  valves  means  a  reduction  of  about  1  per 
cent,  in  the  wm-k  to  be  done  liy  the  crompres.sor. 

As  an  exainplc,  if  the  condensing  pi'essure  is  183  lb., 
the  temperature  of  llic  li(|ui(l  ammonia  leaving  the  con- 
denser will  be  about  int  ilei;.  If  the  liquid  is  cooled  down 
to  60  deg.  by  cooling  walcr  of  about  51  to  .5()  deg.,  tliis 
reduction  of  30  deg.  in  the  temperature  of  the  liquid  l)e- 
fore  it  reaches  the  regulating  valve,  means  that  the 
amount  ol  amnnmia  that  the  comprcs.sor  must  handle  to 
produce  a  ton  of  ice  will  lie  rediici^d  (5  per  cent.  The  ca- 
pacity of  the  refrigerating  machines  for  manufacturing 
ice  will  be  inci'eased  one  ton  in  every  17  tons. 

Figs.  1,  2  and  3  show  some  of  the  accumulators  and 
their  connections  that  are  in  use  with  the  flooded  .sys- 
tem. Fig.  1  shows  tlie  connections  for  a  flooded  system 
where  a  cooler  is  used  to  cool  the  liquid  ammonia  before 
it  enters  the  accumulator.     The  ammonia    from    ,he  ri»- 
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i-eiver  enters  the  inside  pipe  of  the  douhle-pipe  cooker 
at  the  top  and  flows  out  at  the  bottom  into  the  acpumu- 
lator  and  out  of  the  lower  connection  of  the  accumuhitor 
to  the  freezing  coils,  returning  tiirough  the  upper  connec- 
tion. The  liquid  is  retained  in  the  accumulator  while 
the  vapor  goes  to  the  suction  of  the  compressor.  The 
height  of  the  liquid  should  be  kept  between  the  top  and 
bottom  connections.  The  liquid  is  cooled  in  the  double- 
pipe  apparatus  by  operating  the  regulating  valve  at  the 
l)ottom  of  the  cooler.  The  gas  from  the  cooler  is  piped 
into  the  suction  line  as  .-liown. 

Fig.  2  shows  a  type  of  accumulator  with  a  liquid  fore- 
cooling  coil  inside.  The  liquid  ammonia  from  the  re- 
ceiver passed  through  this  coil  and  is  cooled  by  the  sur- 
rounding liquid  and  saturated   vapor. 

Fig.  3  shows  another  type  of  accumulator.  Here  the 
liquid  ammonia  enters  the  bottom  of  the  freezing  coils 
direct  from  the  receiver  or  liquid  cooler,  if  one  is  used. 
The  amount  of  liquid  carried  in  the  accumulator  should 
be  from  18  to  24  in.,  the  height  of  the  liquid  being  in- 
dicated by  the  frost  on  the  small  indicator  pipe  shown. 
The  valve  A  at  the  top  of  the  pipe  should  be  only  partly 
opened,  just  enough  to  equalize  the  pressure,  for  if  it  is 
opened  too  wide  there  may  be  enough  expansion  in  the 
]iipe  to  cause  the  frost  line  to  show  higher  than  the  liquid 

Suction  fo  Compressor 


Regula-ting 
Valve 


From  Ammonia- 
deceiver 


Fig. 


Flooded  Ststeji  in  Which  Ammonia 
First  Enters  Tank  Coils 


When  the  capacity  of  the  plant  is  over  50  tons,  the 
amount  of  ammonia  required  will  be  in  direct  proportion. 
For  example,  100  tons  would  require  3000  and  5000  lb. 
of  ammonia  respectively.  It  would  be  possible  to  use  less 
ammonia  than  the  weights  given. 

Dead  Ammonia 

One  of  our  readers  recently  asked  if  there  was  such  a 
thing  as  dead  ammonia  and  how  it  would  act  in  a  direct- 
expansion  system.  As  tliere  may  be  others  who  are  not 
familiar  with  this  term,  we  are  publishing  the  answer  as 
a  matter  of  general  interest. 

The  term  "dead  ammonia"  is  frequently  applied  to 
anhydrous  ammonia  that  has  become  contaminated  by 
refrigerating  oil  or  perhaps  water  drawn  into  the  .system. 
The  effect  of  these  impurities  is  to  raise  the  boiling  point 
of  the  ammonia  so  that  it  is  sluggish  in  evaporating  out 
of  the  impurities  at  the  u.sual  back  pressure. 

By  drawing  a  sample  of  such  inipure  ammonia  from  a 
pipe  coil  or  storage  tank  it  will  be  found  that  when  evap- 
oration ceases  the  impurities  will  have  deposited  in  the 
vessel  used  for  the  pxirpose.  This  is  a  good  way  to  deter- 
mine how  much  the  ammonia  has  been  adulterated. 

There  are,  of  course,  ammonia  purifiers  on  the  market 
into  which  the  impure  liquids,  generally  found  at  the 
bottom  of  the  receiver,  are  drawn.  By  means  of  a  small 
amount  of  steam  this  liquid  can  be  heated  and  the  an- 
hydrous ammonia  returned  into  the  suction  line.  The 
impurities  are  collected  in  the  purifier  and  may  be  blown 
off.  Another  type  of  purifier  not  only  takes  the  liquid 
from  the  receiver  but  also  purifies  the  suction  gas  be- 
fore it  enters  the  compressor.  Both  systems  are  useful 
in  connection  with  refrigerating  and  ice-making  plants 
as  they  will  eliminate  the  so  called  dead  ammonia. 

Cold-Storage  Temperatures 

The  following  cold-storage  temperatures  for  different 
classes  of  goods  were  given  by  the  committee  on  refrig- 
eration of  the  Xational  Electric  Light  Association: 


level  in  the  accumulator.  As  may  be  noticed  there  is  a 
check  valve  on  the  bottom  connection  from  the  accumu- 
lator to  the  freezing  coils  to  prevent  any  vapor  from  re- 
turning against  the  flow  of  liquid.  All  of  the  vapor  has 
to  pass  out  through  the  top  connection  of  the  coils. 

In  the  flooded  system  the  accumulator  must  always  be 
placed  higher  than  the  freezing  coils  to  give  a  head  to  the 
liquid,  and  all  pipe  lines  slope  toward  the  coils. 

The  following  data  show  the  approximate  amount  of 
ammonia  required  for  different-sized  plants  using  the  di- 
rect-expansion and  flooded  systems: 


Capacity, 

Ammonia 

for 

Ammonia 

ice  malting. 

direct-expansion 

for  flooded 

tons 

system. 

lb. 

system,   lt>. 

10 

400 

700 

15 

500 

SOO 

20 

600 

1100 

30 

900 

1500 

40 

1200 

2000 

50 

1500 

2500 

\ 


Lamb  and  mutton 

Veal 

Meats  (in  pickle  or  brine) . 

Butter 

Eggs 

Cheese 

Lard 

Poultr>'  (to  freeze) 

Poultry  (when  frozen) 

Game  (to  freeze) 

Game  (when  frozen) 

Fish 

Oysters. .  . 

Beer 

Wines 

Cider. . . 

Fruits 

Vegetables 

Canned  goods 

Flour  and  meal 

Furs 

Brine  for  ice  cream  freezing 

Ice  cream  (air  hardening) 

Ice  cream  (ser^nng  temperature)  . 


)eg.  F. 

Specific  Heat 

36-10 

0.68 

29-32 

0.51 

32-36 

0.67 

34-36 

0.70 

35-40 

0.54-0  58 

0-38 

0.64 

29-32 

0.76 

32-34 

0.64 

38-40 

5-10 

0.78 

25-28 

5-10 

0.80 

25-28 

.... 

25-28 

0.82 

33-45 

0.84 

33-J2 

0  90 

40-45 

0.90 

30-40 

0.90 

33-36 

0.92 

34-40 

0.91 

38-40 

40 

25-32 

5-10 

Mechanical  refrigeration  as  applied  to  cooling  water 
and  milk  usually  has  one  feature  different  from  other 
classes  of  refrigerating  work.  A  large  quantity  of  cool- 
ing effect  is  called  for  in  a  brief  interval  of  time.  For 
instance,  in  a  drinking-water  system  the  heaviest  re- 
quirements may  come  at  the  noon  hour.  In  dairy  work 
the  milk  must  be  cooled  rapidly  to  check  the  development 
of  bacteria. 
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EDITORIALS 


Large  Units 

The  present  is  ol'ten  referred  to  as  an  age  of  big  things. 
Not  only  does  each  year  bring  forth  taller  buildings  and 
steamships  of  more  gigantic  proportions,  but  in  the  power 
field  the  same  tendency  prevails — the  adoption  of  large 
units. 

Elsewhere  in  this  issue  are  illustrated  a  few  of  the 
largest  units  of  their  kind.  This  list  is  by  no  means  com- 
l)lete,  for  it  does  not  include  the  big  Delray  boilers  nor 
the  thirty-five  thousand-horsepower  turbine  which  is 
uearing  completion  for  the  Commonwealth  Edison  Com- 
pany of  Chicago. 

When  such  large  units  were  first  laid  down  there  were 
many  engineers  who  questioned  their  feasibility,  both 
from  an  operative  and  an  economic  standpoint ;  in  short, 
they  did  not  believe  in  putting  too  many  eggs  in  one 
l)asket.  These  fears  have  been  discredited,  however,  by 
the  subsequent  performance  of  these  large  units ;  not  only 
have  they  shown  exceptional  economy,  but  their  opera- 
tion appears  to  be  entirely  satisfactory.  In  fact,  the  De- 
troit Edison  Co.  was  so  well  satisfied  with  the  large 
Stirling  boilers  that  it  is  increasing  the  number  to  nine 
at  its  Delray  station,  and  the  New  York  Edison  Co. 
appears  to  have  signified  its. approval  of  the  twenty  thou- 
sand-kilowatt turbines  installed  at  the  Waterside  station 
by  putting  in  still  larger  ones  at  its  new  station  at  Two 
Hundred  and  First  Street. 

In  the  gas-power  field  the  big  Ford  engine,  described 
on  page  128,  marks  the  present  limit  in  size.  How  far 
this  will  l)e  exceeded  in  the  near  future  will  no  doubt 
depend  to  some  extent  upon  the  performance  of  this  en- 
gine. WJiile  structural  features  will  prevent  the  gas 
engine  from  catching  u]i  with  the  steam  turbine  in  the 
matter  of  capacity,  it  is,  nevertheless,  more  than  holding 
its  own,  as  evinced  not  only  by  the  Ford  engine,  but 
from  the  fact  that  both  the  United  States  Steel  Corpora- 
tion's plant  at  Gary.  Ind.,  ajid  the  plant  of  the  Maryland 
Steel  Co.,  at  Sparrows  Point,  Md.,  are  putting  in  a  num- 
ber of  large  gas  engines. 

The  Fireman's  Work 

A  dollar  saved  in  the  boiler  room  should  mean  more 
to  the  engineer  or  the  man  who  pays  the  bills  than  a 
saving  at  any  other  place  in  the  plant.  With  a  given 
quantity  of  coal  it  means  more  steam  and  consequently 
greater  initial  energy  to  begin  with.  In  the  engine  room,  as 
much  as  possible  of  this  energy  is  utilized,  but  the  boiler 
is  the  source  and  any  effort  that  may  be  made  to  increa.se 
its  economical  production  benefits  the  plant  twofold. 

Admitting  that  this  is  true,  and  mast  of  us  will,  it 
would  seem  that  the  position  of  the  fireman  in  the 
power  plant  is  one  of  the  utmost  importance.  The  en- 
gine room  may  contain  units  of  the  latest  type,  operat- 
ing under  a  high  vacuum  and  a  load  factor  approaching 
unity,  the  steam  pipes  may  be  thoroughly  covered  and 
every   detail    arranged    for   inaximum    economy,   yet   the 


saving  that  all  these  refinements  might  efiect  would 
only  be  a  small  percentage  of  what  the  skillful  fireman 
could  do  in  the  boiler  room. 

Dipping  water  from  one  barrel  to  another  with  a  strainer 
is  not  an  economical  method.  The  second  barrel  may 
be  tight  and  hold  all  the  water  it  receives,  but  the  loss 
in  the  initial  supply  would  be  enormous.  A  dipper  is 
needed,  and  in  the  power  plant  this  is  an  expert  fireman. 
That  such  men  are  available  in  all  that  the  name  im- 
plies is  being  realized,  but,  unfortunately,  there  are  many 
"strainers."  There  are  firemen  who  measure  their  ability 
by  the  tons  of  coal  shoveled  per  day,  who  know  very  lit- 
tle about  the  quantity  of  air  required,  and  nothing  at  all 
about  combustion  and  the  possibilities  of  flue-gas  analysis. 
Even  the  subject  of  draft,  ordinarily  so  simple  and  all 
important,  is  apparently  given  little  attention  by  the 
man  who  cannot  or  will  not  be  a  fireman. 

There  is  nothing  intricate  about  a  draft  gage.  It  is 
easily  read  and  if  these  readings  are  properly  interpreted 
they  will  serve  as  an  excellent  guide  to  the  best  method 
of  firing  and  the  proper  intervals  between.  They  will 
tell  the  uptodate  fireman  the  condition  of  his  fires  from 
one  cleaning  to  the  next.  They  will  tell  him  how  much 
coal  he  can  expect  to  burn  per  square  foot  of  grate  sur- 
face and.  therefore,  tell  him  how  much  steam  the  boiler 
will  supply. 

A  case  came  under  our  notice  where  an  economizer  was 
installed.  Ordinarily  a  saving  in  the  vicinity  of  ten  per 
cent,  is  credited  to  this  apparatus.  In  this  particular 
plant,  however,  the  fireman  admitted  so  much  air  to  the 
furnace  that  there  was  very  little  left  for  the  economizer 
to  do. 

In  another  case  the  draft  in  the  furnace  proved  to  be 
insufficient.  The  plant  was  loaded  down  to  the  limit. 
More  steam  was  needed  and  it  was  impossible  to  burn 
any  more  coal  on  the  grates.  A  new  boiler  was  recom- 
mended Init  before  the  purcha.se  a  thorough  investigation 
was  made.  The  stack  was  found  to  be  of  the  right  height 
and  diameter,  the  boilers  were  clean  and  apparently 
neither  the  baffling  nor  the  damper  interfered  with  the 
passing  of  the  gases.  Two  right-angled  turns  in  the 
breeching  proved  to  be  the  cause  of  the  trouble.  An  ob- 
struction at  the  time  of  installation  was  the  reason  given, 
but  this  had  long  been  removed  and  the  tortuous  path  of 
the  breeching  had  never  been  straightened.  With  this 
defect  remedied  more  air  was  supplied,  the  combustion 
was  better,  and  enough  steam  was  generated  to  meet  the 
demand. 

If  the  fireman  had  used  liis  draft  gage  the  cause  would 
have  been  revealed  and  it  is  likely  that  he  would  have 
noticed  the  defect  in  the  breeching.  He  was  shoveling 
all  the  coal  that  the  furnaces  would  burn  and  naturally 
he  thought  that  he  had  reached  the  capacity  of  the  plant. 

Many  other  cases  of  a  similar  nature  exist.  Thous- 
ands of  dollars  are  needlessly  wasted  in  the  course  of 
years,  and  all  through  neglect  of  a  device  so  simple  as 
the  draft  gage     If  failure  to  realize   its   importance   is 
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tlie  excuse  ott'ered,  it  is  high  tiiiR-  for  the  fireman  to  gel 
busy.  He  must  realize  tliat  he  is  an  imjwrtant  factor  in 
the  plant  and  that  its  overall  economy  depends  more 
upon  him  than  any  other  man.  In  short,  it  is  up  to  him 
to  learn  his  trade  so  thoroughly  that  he  will  be  recog- 
nized as  an  e\]H>rt  on  combustion  rather  tjuui  a  shoveler 
of  coal. 


Steam  Power  in  Gas  Works 

It  would  seem  that  the  phenomenal  progress  made  in 
methods  of  operating  steam  boilers  in  very  recent  years 
would  be  evidenced  in  the  boiler  houses  of  every  industry, 
but  such  is  Jiot  the  case.  In  various  kinds  of  manufac- 
turing plants  one  still  finds  the  attention  of  the  man- 
agement concentrated  almost  solely  on  the  production 
end  of  the  business,  while  the  power  end  is  left  to  get 
along  in  the  same  old  way,  giving  the  same  old  service — 
unforgivably  wasteful,  but  continuous,  if  "nursed"  con- 
.'tantly. 

An  industry  that  was  (some  would  say  is)  slow  to  take 
advantage  of  the  improvements  in  boiler  operation  is  that 
of  illuminating-gas  generation  and  distribution.  The 
product  of  a  ga.s  works  is  gas,  and  generators,  blowers, 
purifiers  and  candlepower  are  worth}'  of  a  gasman's  con- 
sideration, Init  steam  boilers  are  objects  to  be  scorned. 
Such  was  and  is  the  attitude  of  many  men  who  have  been 
'"brought  up"  in  the  illuminating-gas  business. 

Several  years  ago  if  one  luid  suggested  to  the  average 
gas  man  that  he  plot  curves  and  otherwise  record  the  per- 
formances of  the  steam  end  of  his  plant,  he  would  have 
regarded  the  suggester  as  one  of  those  demagogues  of 
technics  who  make  life  so  miserable  for  many  practical 
men.  Yet  there  are  now  gas  works  the  steam  end  of 
which  is  conducted  according  to  the  most  modern  meth- 
ods, where  complete  record  systems  prevail  and  where 
experiments  are  being  made  to  determine  the  advantages 
and  disadvantages  of  this  or  that  method  of  accomplish- 
ing a  given  result.  In  short,  there  are  now  many  gas 
works  wliere  as  much  attention  is  Ijeing  paid  to  the  steam 
end  as  is  devoted  to  the  generation  of  the  gas. 

Those  familiar  with  gas  works  know  tliat  for  years  the 
tar.  a  by]iroduct,  was  pumjx'd  into  the  rivers  or  water- 
ways at  night  by  the  hundreds  of  gallons  so  as  to  get  rid 
of  it  at  the  least  cost,  even  though  violating  the  local 
laws  in  doing  so.  It  was  a  long  time  before  it  was  thought 
worth  while  to  burn  it  under  the  boilers.  This  is  now 
being  done  in  most  plants  and  the  eoal  consumption  for 
steam  purposes  in  the  gas  industry  has  been  materially 
lessened  thereby.  In  some  localities  there  is  a  good  mar- 
ket for  this  tar  and  it  is  hoped  that  if  its  use  in  boilers 
is  discontinued,  improved  methods  of  burning  the  break- 
age from  the  gas  (lump)  coal  will  be  used.  This  break- 
age amounts  to  about  seven  per  cent,  by  weight  of  the 
total  lump  coal  and  the  latter  is  usually  quite  high  in 
cost,  therefore,  the  most  economical  means  of  burning  the 
breakage  should  be  found  and  practiced. 

Considerable  warm  water  is  needed  about  a  gas  works 
in  the  winter.  The  engines  used  for  driving  the  gas 
blowers  and  other  purposes  might  advantageously  lie  run 
condensing  and  the  warmed  circulating  water  passed  out 
in  those  systems  requiring  warm  water.  These  systems 
would,  in  a  measure,  act  as  cooling  towers.  It  should 
not  be  difficult  to  carry  the  desired  vacuum  on  the  engines 


or  turbines  and  at  the  same  time  maintain  the  requirec 
lem])erature  in  the  systems  requiring  warm  water. 

We  know  of  one  plant  where  this  manner  of  heating  ii 
being  successfully  practiced  in  keeping  a  large  gas  holde: 
supplied  with  warm  water.  Conditions  here  differ  some 
what  from  those  existing  in  a  plant  where  nothing  but  ga 
is  made.  This  station  furnishes  current  for  power  axu 
lighting,  and,  of  course,  the  turbines  are  of  greater  powe 
than  the  engines  used  for  blowing  gas;  consequently  the; 
furnish  more  exhaust  steam  and  are  able  to  keep  tlu 
water  in  a  large  gas  holder  above  32  deg.  even  in  ex 
ceedingly  cold  weather.  But,  consider  the  number  of 
works  there  are  that  are  combined  with  electric-generat 
ing  plants  and  under  the  same  management.  Praetic 
shows  that  it  requires  about  150  boiler  horsepower  con 
stantly  to  keep  the  water  in  a  5,000,000-cu.ft.  gas  holde 
at  the  required  temperature  after  it  has  been  heated 
Think  of  the  coal  it  is  possible  to  save  then  by  heat 
ing  the  numerous  holders  throughout  the  country  b 
warm  circulating  water  from  condensers. 

After  all,  the  average  gas-works  engineer  has  receivd 
his  mechanical-engineer  degree  or  he  has  had  a  good! 
amount  of  boiler  practice  and  he  can  make  the  steam  en( 
of  his  plant  economical  if  he  will.  All  that  is  required 
is  to  bring  to  his  mind  the  fact  that  there  are  other  im 
portant   things  in  engineering  beside  gas  making. 

A  Good   Example 

A  few  months  ago  the  gas  company  in  Indianapoli 
voluntarily  declared  a  further  reduction  in  its  rates 
^AHiile  this  l>enefited  only  the  large  consumers,  the  poini 
is  that  it  was  not  necessary  to  force  a  reduction  by  legis 
lation  or  the  control  of  a  public-service  commission.  ' 
There  would  be  more  such  instances  if  more  of  our  pub- 
lic utilities  gave  as  much  attention  to  striving  to  reduce 
their  costs  and  thereby  their  charges  as  they  do  to  lobby- 
ing. It  is  high  time  that  the  engineering  and  not  the 
political  talent  in  a  corporation  should  come  in  for  the 
chief  share  of  recognition. 

Commenting  editorially  on  the  gas-price  reduction  the 
Indianapolis  Sews  said:  "Indianapolis  is  fortunate  in 
possessing  at  least  one  public-service  corporation  that  i'  - 
gards  the  business  of  supplying  the  public  with  its  nen— 
sities  as  an  affair  of  mutual  benefit." 

As  a  consequence  this  company  has  no  anxiety  over 
laws  that  may  be  passed,  for  laws  are  not  created  to  af- 
fect the  good  but  the  criminal.  Most  public-service  cor- 
jiorations  remind  us  of  the  average  boy  who  would  rather 
spend  his  ingenuity  in  getting  out  of  the  punishment  his 
di.sobedience  earned  than  to  be  good  in  the  first  ]i1m. 
When  will  our  utilities  corporations  grow  up? 

Did  you  ever  try  plotting  curves  showing  the  coal  ciui- 
sumption  compared  to  the  evaporation  and  kilowatt  out- 
put ?  Try  it  and  keep  the  chart  in  the  boiler  room.  The 
men  will  better  results  or  "bust.''  That's  the  spirit  it 
creates. 

Don't  be  afraid  to  let  the  oiler  key-up  and  put 
in  a  unit  on  the  board,  set  pump  valves  and  such  like. 
Let  him  take  the  various  meter  readings  occasionally,  too. 
Polishing  brass  and  filling  hibricators  does  not  make 
real  oilers. 


Jnlv  ■2-2.   lOl;-; 
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compound  Traction-Engine  Diagrams      Water-Service  Connections  Changed 


The  inclosed  cards  were  taken  from  a  6  and  i)  by  10- 
.  compound  traction  engine  equipped  with  a  (xiddings 
he  and  having  a  single  eccentric.  The  engine  is  rc- 
brsilde  by  suitable  gear,  which  slides  the  eccentric  over 
lie  shaft  in  the  usual  way.  The  boiler  pressure  was  80 
J.  and  a  40-lb.  spring  was  used ;  the  engine  ran  at  300 
[p.m.  The  engine  was  operating  satisfactorily  apparent- 
{,  but  when  the  indicator  was  applied,  diagrams.  Figs.  1 


FIG. I 


FI0.2 


FIG. 3 


FI6.4 

DlAGRAifS     FROM     COMl'OrXD     TkACTIOX     ExcJIXE 

jaiul  3,  were  obtained.    After  adjusting  the  valve  rod  to 
;  the  proper  length  the  result  was  as  shown  in  Figs.  2  and 
4.  Xo  further  change  was  made,  although  I  believe  an  in- 
crease in  the  lead  would  be  beneficial. 

T  should  like  to  hear  comments  cm  these  diiigniuis  from 
aiiy(]iie  iiitercsled. 

ireni]ihis.  Tcim.  F.   P.   Ri;ad. 


We  supply  an  adjoining  office  building  with  light,  heat 
and  hot  water;  the  water  being  used  in  the  lavatories. 
The  original  system  of  furnishing  the  hot  water  is  shown 


Hot-Water  Service-Ph'e  (!onnection.s 

in  Fig.  1.     Securing  the  consent  of  tlu^  manager  we  made 
the  changes  shown  in  Fig.  2. 

When  one  considers  that  the  office  force  works  only 
nine  hours  jjer  day  (the  plant  operates  24),  the  old 
way  of  heating  the  water  was  rather  expensive.  With  the 
present  layout  we  have  done  away  with  300  ft.  of  %-m. 
pipe,  a  trap  and  the  heating  tank.  The  pump  shown  is 
a  boiler-feed  puniji,  rin  there  is  boiler  pressure  on  the  ser- 
vice-water lines,  but  ill  the  two  years  this  system  has 
been  in  operation  we  have  experienced  no  trouble  of  any 
kind. 

RoscOE  WiLLEY. 

Lamoni.  Iowa. 

[Connections,  such  as  shown  in  Fig.  ■.',  are  liardlv  to 
be  recommended,  especially  if  the  boiler  in-essiire  is  ovrr 
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•SO  II).  Pump  governors  will  sometimes  fail  to  act  when 
the  feed  valves  are  closed  and  with  connections  like  the 
above  the  service-water  lines  would  be  subjected  to  too 
high  a  pressure. — Editor.  J 


Cleaning  Plugged  Feed  Pipes 

We  have  two  return-tubular  boilers,  and  the  feed  water 
contains  a  high  percentage  of  .scale-forming  properties; 
the  feed  lines  plug  up  in  three  months  and  I  have  to  re- 
new all  piping  from  the  pump  to  the  extreme  end  of  the 
delivery  pipe.  The  fittings  in  the  connections  stick  so 
that  they  can  hardly  be  turned  with  a  3-ft.  chain  tong. 

The  dread  of  the  job  helped  me  to  plan  out  the  follow- 
ing. I  had  a  drill  bit  nuide  of  a  piece  of  V^-'m.  strap 
iron,  similar  to  an  ordinary  coal-drill  bit.  Then  a 
i/^-in.  pipe  fitting  was  welded  to  the  end,  so  I  could  screw 
on  any  length  of  pipe.  Then  all  the  ells  on  the  feed  lines 
were  displaced  by  crosses  and  tees. 

Now,  when  I  wish  to  loosen  the  scale  in  the  pipe,  I 
take  the  plugs  off  the  crosses  and  tees  and  insert  the  drill. 
The  drill  is  about  %  in.  smaller  in  diameter  than  the 
inside  diameter  of  the  pipe. 

Roy  L.  Peterson. 

Knoxville,   La. 


Peculiar   Experience    with    Air    Pump 

Our  air  pump,  connected  to  a  large  jet  condenser,  had 
been  pounding  and  acting  queer  for  some  time.  The  first 
indications  were  light  knocks  and  pounds.  Apparently 
the  knocks  were  in  the  connecting-rod  or  cylinder,  but 
keying  up  on  the  crank  and  crosshead  brasses  helped  but 
little  and  the  remedy  lasted  only  for  a  short  time. 

At  times  the  pounding  was  unusually  severe  for  a  day 
at  a  time  and  longer,  and  then  it  would  suddenly  quiet 
down  again.  The  valves  of  the  air  pump  were  gone  over 
thoroughly,  the  steam  valve  examined  and  the  clearance 
of  the  steam  and  air  cylinders  checked,  and  all  found 
correct.  All  brasses  were  taken  up  and  all  lo.st  motion 
eliminated,  but  the  noise  remained. 

One  day  the  pump  started  an  abnormal  racket  and  was 
shut  down  at  once.  Investigation  showed  that  the  piston 
rod  broke  close  to  the  piston.  A  new  rod  was  ordered  and 
put  in,  the  pump  examined  and  started  again.  The  noi.se 
was  as  bad  as  ever. 

Then  a  series  of  serious  accidents  to  the  pump  fol- 
lowed. The  bedplate  cracked,  another  piston  rod  broke 
and  the  crosshead  split  through  at  the  pin  bore.  Just 
before  the  tim.e  for  the  day  shift  to  come  on  duty  the 
pump  began  a  terrific  pounding  and  was  shut  down.  The 
night  crew  claimed  it  was  due  to  water  in  one  of  the  cyl- 
inders and  left  it  to  the  day  shift  to  "fight  it  out."  Drains 
were  unusually  well  i)rovided  for  and  apparently  in  good 
working  order.  Later  the  check  valves  in  the  cylinder 
drain  pipes  were  found  to  be  all  worn  out  so  a  pair  of  new 
ones  were  put  in.  The  pump  ran  smoothly  now,  but  its 
doing  so  did  not  clear  the  mystery  of  where  the  water 
came  from.  The  drain  pipes  from  the  air  cylinder  were 
found  to  end  in  a  trench  for  the  pump-suction  pipes  in 
the  basement,  and  some  conscientious  steam  fitter  in  con- 
necting up  the  pipe  had  run  it  nearly  to  the  bottom  of 
the  trench  which  at  times  was  partly  full  of  water.    When 


the  check  valves  failed,   this  water  was  drawn   into  thi 
pump  and  caused  all  the  trouble. 

Thomas  (i.  Thurston. 


Improvement  to  Secondary  Valve 
of  Turbine 


I 


"When  running  our  low-pressure  turbine  we  have  to 
change  over  from  exhaust  steam  to  live  steam  about  >ix 
times  in  every  24  hours.  This  is  done  by  screwing  dowu 
the  %-in.  set  pin  or  screw  shown,  thereby  lifting  the  valve 
to  admit  live  steam,  after  which  we  close  the  exhaust- 
steam  valve.  The  arrangement  sent  out  by  the  builders 
had  a  small  square  left  on  the  top  of  the  setscrew  and  a 
%-in.  jam  nut  was  provided  to  set  the  screw  when 
screwed  down.  This  necessitated  the  use  of  two  wrench' s. 


Condefry 

1^ — ) 
Ad.tusting  Screw  of  Seco.vdaky  \'alve  of  Turbine 

which  were  not  usually  in  place  when  needed,  as  soim- 
times  it  is  necessary  to  quickly  change  over  from  exhausl 
to  live  steam  to  avoid  a  shutdown. 

In  place  of  the  former  arrangement  I  turned  up  two 
small  handles  A  and  B  and  filed  out  a  square  hole  in  A 
to  fit  the  screw  and  secured  it  by  means  of  a  pin.  In 
place  of  the  nut  I  tapped  out  the  other  handle  and  now 
we  can  operate  the  valve  without  losing  time  looking  for 
wrenches. 

J.  A.  Campbell. 

Provideiue,   R.   I. 


Air-Driven   Pump  Freezes 

Can  anyone  tell  me  how  to  keep  a  small  Snow  pump 
from  freezing  under  50  lb.  gage  pressure  without  the  aid 
of  fire  or  other  heating  appliances.  The  pump  stands 
about  300  yd.  from  the  air  compressor,  which  furnishes- 
air  to  run  the  pump,  no  steam  being  used. 

H.  R.  Leonard. 

Uniontown.  Penn. 
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Weld 
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Economizer  Repair 

We  have  aii  economizer  containing  (i()()  tubes,  made  up 
■  sections  with  goose  necks  to  take  up  the  contraction 
id  expansion.  One  of  these  necks  failed,  and  as  the 
iononiizer  could  nol  be  spared  for  any  length  of  time  a 


^''Flange 


Home-Made  Eetukn  Bend 

)Ose  neck  was  made  out  of  three  pieces  of  4-in.  pipe  and 
m  flanges,  as  shown  in  the  sketch.  The  two  welds  were 
ade  with  acetylene  gas  and  were  built  up  strong.  This 
pair  stood  the  test  and  was  used  until  a  new  goose  neck 
luld  be  secured. 

Fkank  W.  Bkllingeh. 
St.  Paul,  Minn. 

Renewing  Gaskets  in  Flanges 

When  placing  a  ring  gasket  in  a  joint  in  a  vertical  pipe 
e  gasket  sometimes  falls  down  in  the  pipe.  When  such 
iuts  will  not  come  apart  much,  we  overcome  gasket- 
sertion  troubles  as  follows  : 

After  removing,  say,  one-half  the  liolls.  drive  in  be- 
'een  the  joint  a  steel  wedge,  until  the  joint  opens  about 


Sheet-Iron  Gasket  Holder 

;  in.  Scrape  the  old  gasket  out  and  see  that  the  flanges 
e  clean.  Cut  the  new  gasket  to  the  required  size,  inside 
ge  of  the  bolt  holes  and  lay  it  on  a  piece  of  sheet  iron 

the  same  diameter  or  a  little  less.     Cut  the  sheet  iron 

the  sha])e  shown,  lay  the  gasket  on  the  plate  and  slide 
th  in.  When  they  are  touching  the  back  bolts,  hold  the 
sket  with  a  rule  or  pocket  knife  while  the  plate  is  with- 
awn.  It  is  well  to  have  a  number  of  different-sized 
ates  on  hand. 

J.  Jeffriew. 
Chicago,  111. 

[A  plate  of  this  kind  may  assist  in  putting  a  gasket  in 
large-diameter  flange,  because  a  thin  and  flexible  gasket 
11  sometimes  strike  the  internal  diameter  of  the  flange 

the  back  end  ;  it  should  hardly  be  needed  with  small 
.nges,  say,  6  in.  or  less. — Editor.] 


Why  Did  Hot-Water  Tank  Fail? 

The  illustration  shows  the  construction  of  a  hot-water 
tank  which  gave  out  after  only  five  years  of  service.  Was 
failure  due  to  the  breathing  action  we  hear  so  much  about 
in  connection  with  lap-joint  boiler  construction?  This 
tank  was  subject  to  a  pressure  of  from  90  to  100  lb.  per 


C'ox.sTRrcTiON  OF  Tank  That  Failed 

sq.in.  with  practically  no  air  cushion  to  counteract  the 
ramming  effect  of  the  pump  plunger. 

As  seen  from  the  sketch  the  heads  were  stiffened  by 
angle  iron,  but  with  no  through  rods  to  hold  the  latter  in 
position  it  makes  a  poor  substitute  for  bumped  or  braced 
heads. 

The  heads  were  cracked  and  pitted  completely  through, 
nearly  all  around  the  circumference  at  the  point  shown 
by  the  arrows  and  were  about  ready  to  blow  out  when 
discarded  for  a  new  tank. 

I  would  like  to  hear  readers'  opinion  as  to  the  cause 
of  the  failure. 

K.  Cederblom. 

Chicago.  111. 

Steam-Hose  Clamp 

After  having  considerable  trouble  with  a  steam  hose 
blowing  off  of  the  connection,  I  made  the  clamp  shown. 
A  piece  of  comnion  %-in.  pipe  is  turned  to  a  taper  and 

"T^  Hose  Clamp 


Rubber  Hose  ■' 
Clamp  Connection  for  Steam  Hose 

having  a  shoulder  ^V  in.  deep  and  \y^  in.  from  one  end 
of  the  hose.  The  hose  should  be  put  on  this  pipe  and 
clamped. 

We  have  a  hose  with  a  connection  like  this  which  lias 
been  in  use  for  the  past  four  months  and  it  withstands  a 
pressure  of  115  lb.  of  steam  and  has  neVer  shown  any 
signs  of  leaking  or  tendency  to  blow  off. 

H.    E.    WiLLIA.MS. 

Grand  \'ie\v,  Tex. 

Mark  for  Lubricator  Feed-Valve 
Wheel 

It  is  convenient  to  have  a  mark  on  the  feed-adjusting 
valve  wheel  of  a  lubricator.  Instead  of  cutting  a  notch 
in  the  wheel  as  is  common,  a  hole  drilled  in  the  wheel 
and  a  brass  brad  driven  in  is  much  better. 

Hai!i;v  1).  Kverett. 

Fort  Snelling,  Minn. 
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Experiments  on  Efficient  Boiler 
Operation 

In  the  June  3  issue,  there  appeared  au  article  entitled 
"Experiments  on  Efficient  Boiler  Operation,"  by  B.  W. 
Eogowslci  and,  as  1  am  interested  in  the  subject  of  the 
combustion  of  all  kinds  of  fuel,  I  have  gone  over  tlie  arti- 
cle very  carefully  and  so  far  as  I  can  see,  the  writer  has 
failed  to  do  more  than  to  show  that  he  apparently  im- 
proved his  efUciency  by  cleaning  his  boilers.  He  does  not 
discuss  the  vital  ]K)inls,  nor  show  what  economy  he  actual- 
ly obtained. 

He  states  that  the  boiler  fuel  depends  largely  upon  "the 
choice  of  coal  adaptable  to  the  plant  conditions,  and 
which  would  generate  the  greatest  amount  of  heat  at  the 
lowest  cost  of  handling  and  consumption."  He  does  not 
state  the  location  of  the  plant  in  question,  the  price  of 
the  various  sizes  of  anthracite,  svich  as  pea,  buckwheat, 
rice  and  barley;  nor  the  make  of  boilers  and  type  of  batt- 
ling in  question.  It  is  impossible,  therefore,  to  discuss 
with  any  amount  of  intelligence  the  correctness  of  the 
writer's  statements,  but  it  appears  that  the  matter  has 
not  been  approached  from  the  proper  viewpoint. 

If  other  coals  were  available,  such  as  mentioned,  that 
is,  the  small  sizes  of  anthracite,  it  certainly  would  pay 
to  change  the  grates  to  accommodate  the  fuel  and  not 
have  the  fuel  accommodate  the  grates.  AVith  the  excellent 
stack  draft  very  fine  showings  should  be  made  with  the 
smaller  sizes  of  anthracite  fuel,  in  conjunction  with  me- 
chanical draft-blower  apparatus. 

Flue-gas  analysis,  when  it  comes  right  down  to  l)oiler- 
plant  elBcieucy,  means  very  little,  except  the  CO,  read- 
ing, which,  I  believe,  it  is  well  to  obtain,  and  if  possible 
to  record  with  a  gasometer ;  but  it  is  not  flue-gas  analysis 
that  is  required  but  rather  how  low  the  cost  to  evaporate 
1000  lb.  of  water  from  and  at  212  deg.  F.  may  be  made. 
If  the  efBciency  of  the  plant  is  to  be  kno\vn,  all  tests  are 
of  no  avail  unless  this  figure  is  obtained,  using  various 
fuels,  which  the  writer  evidently  has  not  done,  or  if  he 
has,  has  said  nothing  about  it.  If  the  writer  is  determin- 
ing efficiency  of  his  plant  purely  by  the  analysis  of  the 
flue  gases  he  is  apt  to  be  very  much  in  error,  since  his 
boilers  may  be  in  a  very  dirty  condition  inside,  wJiich  will 
have  no  efEeet  on  the  flue-gas  analysis  and  yet  will  great- 
ly affect  the  evaporation. 

Experiments  with  the  thickness  of  the  fuel  lied  were 
made  and  it  seems,  according  to  his  results,  that  a  41/0- 
in.  bed  was  found  most  efficient  with  mechanical  draft 
and  a  very  high  stack  with  good  draft  and  grates  of  25 
per  cent,  air  space.  I  do  not  agree  with  him  in  view  of 
the  fact  that  his  rate  of  combustion  is  exceptionally  low ; 
17  lb.  per  sq.ft.  of  grate  surface.  Cleaning  for  a  4i/2-in. 
fire  means  a  very  great  loss  and  is  unnecessary,  as  with 
both  mechanical  and  natural  draft  a  10-in.  fire  can  be 
easily  handled  and  maximum  efficiency  still  maintained. 

The  writer  states  further  on,  that  the  combination  of 
{his  highly  preheated  air   and   carbon  monoxide  at  the 


bridge-wall  secured  complete  combustion.  lOvidently  this 
boiler  has  horizontal  baffles,  and  I  should  be  glad  to  Icmiii 
as  to  the  correctness  of  this  assumption. 

It  is  stated  that  alternate  firing  gives  best  results,  That 
is,  one-half  of  the  grate  at  a  time,  and  the  general  con- 
clusion is  stated  as  a  fact  and  applied  to  anthracite  gen- 
erally, which  is  erroneous.  If  this  were  done  with  Xn.  3 
buckwheat  or  barley  more  air  would  pass  through  the  well 
burned  half  of  the  grate,  rather  than  through  the  green 
coal,  and  even  with  No.  1  buckwheat  and  natural  draft, 
this  will  hold  true.  It  is  also  stated  that  the  fire  uin-i 
not  be  disturbed  except  when  cleaning.  It  is  imjiossilili- 
to  Inirn  rice  or  barley  and  even  Xo.  1  buckwheat,  withniit 
leveling  the  fire  occasionally  with  a  leveling  rod. 

Of  all  anthracite  coals,  such  as  pea,  buckwheat,  rice 
and  barley,  buckwheat  is  most  expensive,  as  it  contains 
less  heat  units  per  dollar.  Of  course,  it  must  be  com- 
pared with  the  other  sizes  from  the  same  vein.  I  might 
state  here  that  with  Xo.  3  buckwheat,  or  barley,  of  quality 
such  as  was  named  (12,500  B.t.u.)  a  fire  can  be  obtained 
which  is  incandescent  and  which  will  evaporate  more 
steam  per  pound  of  coal  than  Xo.  1  buckwheat  of  the 
same  vein. 

It  would  have  been  a  good  thing  had  Mr.  Eogowski 
given  more  information  regarding  his  tests,  stating  huw 
they  were  made,  analysis  of  the  coal,  how  the  water  was 
weighed,  the  conditions  of  the  boilers,  percentage  of 
boiler  rating  developed  and  pounds  of  water  evaporated 
per  pound  of  coal. 

V.  H.  Caki'Les. 

Xew  York  City. 

Measuring  Water  during  Boiler   Tests 

In  looking  over  Mr.  McHollan's  feed-water  i^iping.  i- 
illustrated  in  the  letter  on  the  above  subject  in  the  Jiuie 
10  issue,  for  measuring  water  in  boiler  tests,  I  notice  that 
he  proposes  to  draw  or  lift  hot  water  from  two  flat  stor- 
age tanks,  located  below  the  water  chambers  of  the  boiK  r- 
fced  pumps. 

Assuming  that  the  feed  water  is  as  it  should  be,  \<-r\- 
near  the  boiling  point,  I  cannot  see  how  the  arrangenni:! 
could  work  successfully  if  installed,  as  shown  by  Mr. 
McHollan,  for  the  reason  that  it  is  impossible  to  lift  hot 
water  any  considerable  distance  by  suction,  as  the  vapor 
pressure  or  tendency  to  turn  it  into  steam  closely  ap- 
proximates and  counterbalances  the  atmospheric  ])res- 
sure.  If  it  is  attempted  to  lift  hot  water  by  suction  the 
l)ody  of  the  water  will  not  rise,  but  instead,  steam  or 
vapor  arises  from  the  surface  and  flows  to  the  pump.  This 
vapor  and  steam  in  the  water  chambers  will,  of  course, 
cause  the  pump  to  race  and  knock  without  delivering  any 
appreciable  amount  of  water. 

The  cure  for  this  condition  is  to  have  the  water  flow 
to  the  pumps  by  gravity  with  sufficient  head  to  lift  the 
suction  valves  in  the  pump,  to  overcome  the  friction  in 
the  piping  and  to  flow  \rith  sufficient  velocity  to  follow 
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the  immp  plunger  in  a  s<iliil  liody.  Therefore,  in  Mr. 
McHollan's  layout,  the  puni)i<  shouhl  he  lowered  suffi- 
ciently to  allow  the  hot  water  to  tinw  from  the  collect- 
ing tanks  by  gravity. 

The  points  above  mentioned  bring  to  mind  one  of  my 
Experiences  with  an  open-heater  installation,  as  shown 
■in  Fig.  1.  The  boiler-feed  pump  was  alKnit  30  ft.  from 
the  heater  and  the  situation  was  such  that  it  was  impos- 
sible to  get  more  than  2-ft.  drop  between  the  hot-water 
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Hkater  Connections  to  Prevent  Pounding  of  Pump 

outlet  of  the  heater  and  the  water  chambers  of  the  })ump. 
While  we  could  pump  the  water  we  were  annoyed  quite 
often  by  the  racing  and  knocking  of  the  pump  when  the 
slugs  of  vapor  collected.  Realizing  that  it  was  necessary 
to  keep  a  constant  supply  of  water  to  follow  the  pump 
piston,  I  installed  a  standpipe  arrangement  above  the 
feed  pump,  as  shown  in  Fig.  2.  This  tank  maintained  a 
head  of  water  at  the  pump  ecjual  to  the  height  of  the  water 
line  in  the  heater.  After  putting  this  arrangement  into 
operation,  the  trouble  from  puni]n'ng  the  hot  water  was 
eliminated. 

William  Taylob. 

Philadelphia.  Pciiii. 

[Troubles  of  this  kind  are  common  and  the  starjd]jipe 
should  eliminate  them. — Editor.] 


Japanese  Electrical  Manufacturers 

Regarding  the  Japanese  as  electrical  manufacturers, 
commented  on  in  Po\vi:i!  for  May  13,  1913,  an  agent  of 
(jne  of  our  leading  electrical  manufacturers  recently  told 
me  his  firm  had  been  rerjuested  to  bid  on  an  order  from 
Japan  for  one  or  two  ojily  of  about  every  kind  of  elec- 
trical apparatus  they  manufactured.  He  could  only  con- 
clude, Irdin  the  peculiar  makeup  of  the  order,  that  the 
instruments  were  to  serve  as  models  to  be  imitated. 

Donald   M.   Liddell. 
•     Elizabeth,    X.  J. 


Large  High-Vacuum  Condenser  Test 

1  have  noted  with  intere.'^t  Mr.  Dc  La\al's  communica- 
tion in  your  issue  of  May  27,  in  whidi  he  refers  to  the 
test  of  the  Illinois  Steel  Co.  condenser,  i)ublislied  in  the 
Feb.  25  issue. 

Mr.  -De  Laval  assumes  that  the  vacuum  readings  were 
taken  on  the  air-pump  suction,  and  he  is  appai'cntly  un, 
der  the  impression  that  in  any  condenser  of  this  size  there 
must  be  a  loss  of  approximately  ]  in.  in  vacuum  between 
I  he  turbine  buckets  and  the  dry-air  pump-suction  open- 
ing. 

The  test  in  question,  which  was  conducted  by  the  en- 
gineering department  of  the  Illinois  Steel  Co.,  was  one 
of  the  most  complete  condenser  tests  that  has  been  made. 
These  engineers  were  only  interested  in  the  vacuum  at 
the  turbine,  and,  hence,  the  vacuum  readings,  instead  of 
being  taken  at  the  air-pump  suction,  as  Mr.  De  Laval 
assumes,  were  actually  taken  at  four  points  at  the  top 
of  the  shell  in  the  space  directly  beneath  the  turbine 
buckets. 

It  may  also  interest  Mr.  De  Laval  to  know  thai  the 
total  loss  in  this  condenser  averaged  less  than  0.2  of  an 
inch. 

There  is  a  further  reference  made  to  the  test  of  the 
dry-vacuum  pump,  where  Mr.  De  Laval  makes  certain 
deductions  as  to  efficiency,  by  taking  readings  from  indi- 
cator cards  and  making  no  allowance  for  barometer  cor- 
rections. The  dry-vacuum  pump  test  was  made  at  the 
same  time  as  the  condenser  test,  and  is  based  on  operat- 
ing conditions  where  the  coriected  vacuum  varied  from 
28.3  to  28.1)  in. 

Mr.  De  Laval  asked  if  the  Wheeler  Condenser  &  Engi- 
neering Co.  is  willing  to  guarantee  the  efficiencies  ol>- 
tained  by  the  Illinois  Steel  Co.'s  engineers,  and  I  beg 
to  state  that  we  would  not  only  be  pleased  to  duplicate 
this  performance,  but  to  improve  on  the  results  in  many 
respects. 

J.  J.  Bkown. 

Carteret,  X.  J. 


Name  for  Steam  Stuff 

The  various  names  for  steam  suggested  by  C.  S.  Palmer 
in  the  May  20  issue  are  noted.  If  we  are  really  hunting 
for  a  new  name  for  our  faithful  friend,  why  not  "super- 
steam"  for  superheated  steam;  "steam"  for  dry  steam; 
"wet  steam"  for  wet  steam.  Otherwise,  if  a  spade  is  not 
a  s]iade,  what  is  it? 

E.   R.   Vv.wxv.. 

Rochdale.   Fngland. 
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■Snsine  Speeds — About  what  are  the  respective  speeds  of 
Corliss   and   high-speed   engines  in   common    use? 

A.    C.    M. 

Corliss  engines  are  made  to  run  at  SO  to  150  r.p.m.  HiKh- 
specd  engines  are  made  to  run  at  speeds  of  150  to  700  or  more 
r.p.m. 


Boiler  Evaporation — \\'hat  is  tht-  normal  average  of  evap- 
oration of  water  in  a  steam  boiler,  in  pounds  of  water  per 
pound  of  coal? 

H.   R.   B. 

In  average  good  boiler  practice  S  lb.  of  water  is  evaporated 
from    and    at    212    deg.    F.    (or    equivalent)    per    pound    of    coal. 


Eleotrio  Lamp  Load — What  would  be  the  load  on  a  dyna- 
mo lighting  50  incandescent  lamps,  all  in  one  building  but  on 
four  floors  and  connected  by  about  500  ft.  of  wiring?  Our 
dynamo  is  rated  at  5  Ijw.,  125  volts,  40  amperes;  is  it  large 
enough? 

W.  Y.  J. 

Fifty  16-cp.  carbon-filament  electric  lights  would  require 
about  25  amperes  with  current  at  110  volts,  or  2.75  kw.,  and 
the  dynamo  which  you  describe  should  be  ample  for  supply- 
ing the  lamps.  Tungsten  lamps  for  a  given  candlepower 
consume  much  less  current  and  nearly  twice  as  many  can 
be  lighted  with  the  same  current  consumption. 


Varying  Receiver  Pressure — What  can  cause  the  receiver 
pressure  in  a  cross-compound,  nonreleasing,  shaft-governed 
engine  to  rise  and  fall?  The  governor  is  understood  to  con- 
trol the  cutoff  of  both  the  high-  and  low-pressure  cylinders. 
There  is  no  change  in  the  load  or  in  the  initial  or  back  pres- 
sure? 

M.  B.  H. 

Diagrams  taken  from  the  engine  would  undoubtedly  show 
that  there  is  a  hunting  action  of  the  governor,  producing  a 
constantly  varying  per  cent,  of  cutoff.  It  is  doubtful  if  the 
load' can  be  said  to  be  absolutely  constant  because  there  ai-e 
always    slight    changes    due    to    friction    variations,    etc. 


»*!Vo-Voltnere  Release'' — What  is  meant  by  a  "no-voltage 
j-elease,"   of  what  does  it   consist   and   "what   is  its   purpose? 

F.    E.    A. 

The  correct  term  is  "low-voltage  release,"  although  the 
other  is  frequently  used.  It  is  a  relay  wound  so  as  to  trip 
the  circuit-breaker,  or  switch,  "when  the  vortage  falls  below 
a  certain  predetermined  value,  usually  50  per  cent,  of  the 
normal  voltage.  These  devices  are  used  in  connection  with 
motors  to  insure  proper  starting.  If  the  voltage  should  drop 
suddenly,  while  the  motor  is  running,  to  such  a  low  value  that 
the  motor  stops,  and  then  should  come  on  again  the  motor 
would  not  be  damaged  by  a  rush  of  current,  because  the  low- 
voltage    release    "woud    have    opened   the    circuit. 


Detecting 

and  a  leaky  \ 


cakj-  Slide   Valve* 

ston   be   detected? 


-Hr 


m  a  leaky  slide  valv* 


J.  C.  M. 


A  leaky  slide  valve  can  be  detected  from  the  character  of 
the  exhaust.  If  the  valve  leaks,  steam  will  be  discharged 
after  the  valve  has  cut  off,  i.e.,  there  will  be  a  continuous 
stream  instead  of  an  intermittent  discharge.  Another  way  is 
to  place  the  engine  so  the  valve  will  be  in  the  middle  of  its 
travel,  then  block  the  engine  from  turning.  If  the  valve  is 
tight  no  steam  will  escape  from  the  exhaust  pipe  or  cylinder 
pet-cocks  when  steam  is  admitted  by  the  throttle  valve.  A 
leaky  piston  is  best  detected  by  removing  the  cylinder  head 
and,  after  blocking  the  wheel  or  crosshead,  with  the  piston  at 
about  one-half  stroke,  open  the  throttle  valve  and  observe 
whether  steam   blows   past  the  piston. 


Finding  Pump  Slic — What  size  pump,  and  what  horsepower 
are  needed  to  feed  two  71-hp.  boilers  through  a  1-in.  pipe, 
11  ft.  long  containing  six  ells,  and  through  a  closed  heater 
€^4  ft.  long  containing  10  ft.  of  1-in.  pipe  with  18  return-bend 
connections,  and  then  back  through  a  return  pipe  (1-in.)  also 
112    ft.    long    and    containing    six    ells    and    four    valves?      The 


water  must  be  lifted  15  ft.  and  delivered  against  100  lb.  boib 
pressure. 

A.   M. 
To   feed    two   71-hp.   boilers   would    i-equire 
2    X    71    X    30    =    4260   lb. 
of   water   per   hour,    or 
4260 

=    511.2    gal.    per    hr. 


S  .  5  gal.  per  min. 

Reckoning  the  friction  of  each  1-in.  valve  or  fitting  a 
equal  to  that  of  20  ft.  of  1-in.  pipe,  then  the  total  equivaleii 
length   of  pipe  would   be 

112   +    (    6  X  20)  -  232 

120   +    (18  X  20)  =  4S0 

112    +    (    6  X  20)    +    (4  X  20)   =     312 

1024  ft. 
Referring  to   Plate   I    of  diagrams  of  loss   of  head   in   pipe 


.   issue  of  "Power,'    page   778,  it  r 

ig   in    1-in.    iron    pipe   at    the    rate 

a   loss   in    head    of   9    ft.    per    lOi) 

1024    ft.,    the   loss    of    head    to   o\ 


X    9    = 

92.16    ft. 

0.433 

=    39.9  lb. 

sq.in.. 

which    would    be    the 

los 

given  in  the  Nov.  10,  190S 
be  seen  that  water  flowi 
8.5  gal.  per  min.  sustain: 
length  of  pipe,  hence  foi 
come  friction  would  be 
1024 

100 
head   or 

92.16  > 
or  practically  40  lb.  per 
pressure   due    to   friction. 

For  pumping  the  quantity 
3x2x3-in.  duplex  steam  pump  running  at  about  60  r.p.m.  wouli 
answer,  but  a  4^4x2?i  x4-in.  duplex  pump  running  at  about  4 
r.p.m.,  or  a  5x3^xS-in.  single  steam  pump  runn 
3S    r.p.m.    w^ould   give   better  satisfaction. 

The    total    pressure    to    be    overcome    would    bt 
40+     100    +     (15    X    0.433)    =    146%   lb. 
and    pumping    8%    gal.    per   min.,    the     net     water 
would    be 

S%   gal.    X    231  cu.in.  per  gal.    X    146% 


water  required  per  minut* 


at   ab. 


hors 


1.726   hp. 
about 


12  X  33,000 
and  if  a  steam   pump  is  used   it  would   re 
150 

0.726  X  =3.63    b.hp. 

30 
of  steam. 

Using  a  114-in.  suction  pipe  up  to  the  heater,  the  po 
required  would  be  about  10  per  cent,  less  than  by  the 
stricted    use   erf  1-in.    pipe   as   above. 


Pumping  Power — What  horsepower  should  be  necessary  to 
operate  a  pump  delivering  526  gal.  per  min.  against  a  pres- 
sure of  210  lb.?  The  water  is  delivered  to  the  pump  so  that 
no  lift  is  necessary.  With  current  at  l%c.  per  kw.-hr.,  what 
■would  it  cost  per  month  of  thirty  S-hr.  days  to  drive  the  pump 
by    a    motor? 


Pumping    526    gal. 
per  sq.in.   requires 

231    X    526    X    210 


St    a    pressure 


J.  C.  G. 

2in 


—    64.43 


12    X    33,000 
and   allowing  60   per  cent,   efflcienc 
require 

64.43 

=    107.38  net  or  brake-h 


let  horsepower, 

of   the   pump,    this   wi 


60 


sepower 
85  per  cent.  efHciency 


to  be  applied  to  the  pump.     Allov 

an     engine     and     transmission     machinery     would     require     an 

engine    to   develop 

107.38 

=    126.32    i.hp. 

0.85 
With   electric  current  charged  for  at   l%c.   per  kw.-hr.,   al- 
lowing   91    per    cent,    efficiency    of    the    electric    motor    and    60 
per  cent,  efficiency  of   the  pump,   the   charge   for  current,  run- 
ning eight  hours   per   day   and   30   days   per   month   would   be: 
(231    X    526    X    210)  ($0.0175    X    8    X    30) 

=  $369.72 


12    X    737.3    X    60) 


(0.91    X    0.60), 
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Heat  Lost  in  Flue  Gases 

JIkat  Lost  up  Chimnkv 

When  a  pound  of  fuel  is  burned  under  a  boiler  its 
available  heat  is  distributed  in  a  number  of  ways.  The 
largest  part  is  transferred  to  the  water  within  the  boiler 
and  converts  some  of  it  into  steam.  But,  from  30  to  60 
per  cent,  is  lost  in  various  ways.  The  greatest  loss  is  due 
to  the  heat  carried  up  the  chimney  by  the  flue  gases,  and, 


Powtn  volatile     Matter  In   the  Combustible, Per  Cent. 

Fid.    1.     ClIAHT    FOU    D'^TEKMINIXG   THU    CaRBOX    IN 
THE  A'OLATILE  MaTTEK 

as  this  loss  depends  to  a  large  extent  upon  the  skill  and 
care  employed  in  operation,  it  is  one  in  which  every 
engineer  should  be  greatly  interested  and  about  which  he 
should  be  thoroughly  posted. 

If  after  a  pound  of  flue  gas  has  come  in  contact  with 
the  heating  surface  of  the  boiler  and  has  given  up  some 
of  its  heat  to  the  water  within,  it  passes  out  to  the  chim- 
ney at,  say,  5(t0  deg.  F.,  liow  nuicli  heat  is  lost  or  carried 
up  the  chimney? 

All  the  heat  that  the  gas  contains,  over  and  above  what 
the  air  and  coal  from  which  it  was  formed  contained,  was 
derived  from  the  combustion  of  the  coal.  Then  to  all 
intents  and  purposes  the  heat  lost  with  every  pound  of 
flue  gas,  expressed  in  B.t.u.,  must  be  the  product  of  the 
number  of  degrees  difference  in  temperature  between  the 
air  entering  the  furnace  and  the  flue  gas  going  out  of  the 
boiler,  multiplied  by  the  heat  required  to  raise  the  tem- 
perature of  a  pound  of  flue  gas  1  deg. 
Specific  Heat 

This  brings  us  to  a  consideration  of  "specific  heat," 


a  term  often  employed  in  steam  engineering.  By  defini- 
tion, the  amount  of  heat  required  to  raise  the  tempera- 
ture of  a  pound  of  water  1  deg.  is  one  B.t.u.  A  pound 
of  air  requires  about  one-fourth  as  much  heat  as  a  pound 
of  water  for  a  rise  of  1  deg.,  and  a  pound  of  iron  requires 
only  about  one-eighth  as  much  as  water.  The  quantity 
of  heat  required  to  raise  the  temperature  of  a  given 
amount  of  substance  a  given  number  of  degrees  depends 
upon  the  nature  of  the  substance  and  is  different  in  al- 
most every  case.  Hence,  in  problems  involving  quantity 
of  heat  and  quantity  of  materials,  it  is  often  important 
to  know  Ihe  amount  of  heat  required  to  cause  a  rise  of 
1  deg.  in  temperature  per  pound  of  material  under  con- 
sideration. This  quantity  is  called  the  specific  heat  of 
the  substance.  Thus,  the  specific  heat  of  iron  is  said  to 
be  0.13,  because  a  pound  of  iron  rc(|uires  (t.l3  B.t.u.  to 
raise 'its  temperature  1  deg. 

The  specific  heat  of  flue  gas  is  not  exactly  known,  nor 
is  it  uniform  for  all  temperatures.  That  is,  at  low  tem- 
peratures it  is  somewhat  less  that  at  high.  However,  the 
most  commonly  accepted  value  is  0.34,  and,  hence  this  is 
the  one  we  will  use. 

EsTiMATiNtj  Heat  Lost  ix  Flue  Gases 

The  heat  lost  or  carried  up  the  chimney  by  the  flue 
gases  per  pound  of  fuel  burned  can  be  estimated  by  multi- 
plying the  weight  of  tlie  gases  generated  per  pound  of 
fuel  by  the  specific  heat  of  the  gases  and  the  dift'erence 
in  temperature  between  the  gases  leaving  the  boiler  and 
the  air  entering  the  furnace.  The  answer  expresses  the 
loss  in  B.t.u.  This  calculation  can  be  written  as  a  for- 
mula, thus : 

L  =  0.34  ir  ('/'—/). 
where 

L  =  B.t.u.    lost    up    chimney    ]icr    ]iound    of    fuel 

burned  ; 

0.24  =  Specific  heat  of  the  flue  gases  (or  the  amount 

of  heat  required  to  raise  1  Uj.  of  the  gases 

1  cleg.)  ; 

W  =  Weight  of  fine  gases  formed   i)er   pound  of 

fuel ; 
T  =  Temperature    of    gases    leaving    boiler,    de- 
grees F. ; 
i=    Temperature  of  air   entering  furnace,   de- 
grees F. 
Weight  of  Gases  per  Pocnd  of  Fuel 
To  make  the  foregoing  calculation  it  is  necessary  to 
know  the  weight  of  flue  gases  formed  per  pound  of  fuel 
burned.     This  is  found  by  the  following  formula,  which 
looks  worse  than  it  really  is: 

where 

W  =  Weight  of  flue  gases  formed  per  pound  of 
fuel  burned ; 
3.032  =  A  constant ; 

r  =  Decimal    part   by   weight    nf   cwi-liou    (total 
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carbon)  in  the  fuel  as  fired; 
N  =  Percentage   bv   volume  of   nitrogen   in   the 
flue  gases; 
CO,  =  Percentage  bv  volume  of  carbon  dioxide  in 

the  flue  gases ; 
CO  =    Percentage  by  volume  of  carbon  monoxide 
in  the  flue  gases  ; 
A  =  Decimal  ]>art  by  weight  of  ash  in  the  fuel  as 
11  red. 
The  proximate  coal  analysis  does  not  show  the  decimal 
jiarl,  proportion  or  percentage,  of  total  carbon  in  the  fuel; 
it  only  shows  the  percentage  of  fixed  carbon.  C'ousequent- 
Iv,  in  order  to  use  tiie  foregoing  formula,  we  will  have 
lo  estimate  or  guess  at  the  amount  of  carbon  contained  in 
the  volatile  matter,  add  this  to  the  amount  of  fixed  car- 
bon and  consider  the  sum  as  being  the  amount  of  total 
carbon  in  the  fuel.    The  accompanying  chart.  Fig.  1,  de- 
veloped by  Professor  Marks  and  originally  published  in 
Power  for  Jan.  14,  will  give  results  close  enough  for  our 
purpose. 

EsTiMATixG  Total  Cakbon  ix  Coal 

To  calculate  the  carbon  in  the  volatile,  add  together  the 
percentage  of  fixed  carbon  and  volatile  matter  as  shown 
by  the  proximate  analysis  and  divide  this  sum  into  the 
percentage  of  volatile  matter.  The  quotient  multiplied 
by  100  gives  the  percentage  of  volatile  matter  in  the 
combustible.  Having  found  this,  locate  a  corresponding 
point  on  the  scale  at  the  bottom  of  the  chart  and  trace 
an  imaginary  line  straight  up  to  the  curve  and  then  hori- 
zontally to  the  scale  at  the  left  margin  which  gives  the 
percentage  of  volatile  carbon  in  the  combustible  matter. 
Multiply  the  percentage  thus  found  by  the  percentage  of 
combustible  in  the  coal  and  divide  by  100  to  obtain  the 
percentage  of  volatile  carbon  in  the  coal.  Add  this  per- 
centage to  the  percentage  of  fixed  carbon  in  the  coal  as 
shown  by  the  proximate  analysis  to  obtain  the  total  car- 
bon in  the  coal. 

To  illustrate  with  a  numerical  example,  assume  that 
we  wish  to  estimate  the  percentage  of  total  carbon  in  a 
coal  with  this  analysis :  Moisture,  6.2  per  cent. ;  volatile 
matter,  16.8  per  cent. :  fixed  carbon.  70.7  per  cent. ;  ash, 
6.3  per  cent.  The  sum  of  the  percentage  of  fixed  carbon 
and  volatile  matter  is 

70.7  +  16.8  =  87.5, 
and  this,  divided  into  the  percentage  of  volatile  matter 
and  multiplied  by  100,  gives 

^^l—  X  100  =  V.Ki  per  cent. 
87.5 

volatile  matter  in  the  combustible. 

Locating  the  19.2  point  on  the  scale  at  the  foot  of  the 
chart  and  tracing  an  imaginary  line  straight  up  to  the 
curve  and  over  to  the  margin  we  get  8.2  as  the  percentage 
of  volatile  carbon  in  the  combustible.  And  this  multi- 
plied by  87.5.  the  percentage  of  combustible  matter  in  the 
coal,  and  divided  by  100,  gives 

8.2  X  87.5  -f-  100  =  7.2, 
the  percentage  of  volatile  carbon  in  the  coal,  which,  added 
to  the  percentage  of  fixed  carbon  in  the  coal,  gives 

70.7  +  7.2  =  77.9, 
the  percentage  of  total  carbon  in  the  coal. 

The  next  lesson  will  tell  how  the  nitrogen  in  the  flue 
irases  is  estimated  and  how  to  measure  fltte-gas  temper- 
ature.   There  will  also  be  some  practice  problems. 


OVER 

JUST      JESTS 

TH  E   SPILLWAY 

,     JABS,     JOSHE.S      AND     JUMBLES 

Office-building  managers  are  showing  much  more  intii .  st 
in  power-plant  efficiency  than  formerly.  It  isn't  surprishij? 
that  this  is  so:  the  surprise  was  that  they  were  so  long  dis- 
covering their  sore  need  tor  better  equipment,  better  eii-.;i- 
neers.   better  returns. 

Even  the  most  skeptical  must  admit  that  the  public  s.  i - 
vice  commissions  are  doing  good  "work  when  they  compel  .ad- 
mission from  public-utility  heads  that  the  commissions  .im- 
commendable.  Usually,  a  corporation  cries  persecution  unh  ss 
it    can   conduct    its   business  just   as   it    sees   fit. 

Man  says  he  has  a  safety  razoi-  operated  b.v  electricity, 
and  it  works  beautifully.  Now  he  wants  a  new  motor,  as 
the  present  one,  about  the  size  of  an  apple  (perhaps  a  pippin), 
is  too  bunglesome.  One  about  the  size  of  a  B.  &  S.  No.  00 
hen's  egg,  he  callates.  The  razor  saws,  no  scraping  what- 
ever. Great!  Now  for  that  device  with  which  you  can  cut 
your  own  hair — if  you  have  any;  some  folks  haven't. 

'Bout  time  old  Foodforthought  was  pensioned;  he's  sure 
being  worked  overtime  in  the  papers.  Some  of  these  writer 
chaps  must  be  eating  around  in  "food-for-thought "  places  and 
suffer   from   literary  gout   or   a   superfluity   of  adipose   tissue. 


It's  said  that  New  York  City  intends  utilizing  the  exhaust 
steam  from  one  of  its  power  plants  to  help  make  twenty- 
five  tons  of  ice  daily  and  sell  it  at  cost  price.  More  municipal 
misuse  of  the  down-trodden  central  station.  And  the  more 
ice  the  city  makes,  the  hotter  will  be  the  central-station 
people. 

"Don't  be  content  with  doing  only  your  duty;  do  more  than 
your  duty." — Andrew  Carnegie. 

We  like  this  as  an  aphorism;  it  has  a  wide  latitude  and  a 
broad  meaning.  But  the  big  hitch  in  the  "doing"  business 
is  that  its  marts  are  crowded  something  fierce  with  ginks 
who  are  either  doing  nothing,  or  ever.vbody,  or  just  doing. 
The  business  is  too  highly  specialized,  there's  too  many  com- 
petitors, too  many  enthusiasts- — and  too  many  professional 
reformers. 

One  of  the  most  successful  kale-gatherers  we  ever  as- 
sisted in  getting  rich  had  this  slogan.  "Don't  hold  a  man 
down;  hold  him  up!"  -^nd  he  piacticed  as  well  as  preached 
this  doctrine  from  the  rising  of  the  sun  to  its  going  down 
thereof.  Hold  "em  up?  It  was  Use  no  Hooks',  and  This 
Side  Up  with  Care!   but  how   he  could  hold,  and  keep  hold. 


He  had  more  than  a  "howdy-do"  acquaintance  with  Andy, 
and  this  is  probably  where  he  got  the  idee  of  '"doing"  more 
than  his  duty — many  more.  Mr.  Carnegie's  one  desire  is  to 
die  poor,  and  he  has  duty  enough  without  trying  to  overdo 
himself  at  the  rate  he. is  going.  If  he  lives  'till  he's  poor,  the 
doing  business  will  by  that  time  have  slumped  considerably, 
and  his  impetuous  remarks  anent  the  more  than  duty  stunt 
will    have    doubtless    been    forgotten, 

■O'hen  Wall  Street  "cuts  a  melon,'"  it  divides  up  a  big 
hunk  of  money  made  on  a  smart  deal;  when  the  N.  Y.,  N.  H. 
&  H.  cut  its  Mellen  the  other  day  it  took  a  big  hunk  of  sub- 
sidiary property  from  out  of  his  control.  My  word,  old  chap, 
a  rawther  Mellencholy   proceeding,   eh  what? 

The  New  Haven  system  has  been  further  disordered  by 
the  Interstate  Commerce  Commissioner's  scathing  arraign- 
ment of  its  mismanagement.  The  commission  recommends 
that  the  road  divest  itself  of  its  trolleys.  This  is  a  digni- 
fied   way    of    saying:      "You"re    off    your    trolley.'" 

Proper  appreciation  is  lacking,  says  "Engineering  News," 
for  the  hard-working  air-brake  inspector,  to  whom  is  due 
the  safety  of  the  traveling  public.  Here's  credit  for  one 
fiiithful  soul  in  obscurity.  Somebody  please  say  a  kind  word 
for    the    power-plant    engineer? 
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The  Care  and  Repair  of  Rubber  Belts 


By  Robert  Moore 


SYNOPSIS — A  weM  illustrated  article  giving  instruc- 
tions for  splicing  and  stitching  rubber  and  canvas  belts. 
The  author  does  not  recommend  the  use  of  rubber  belts 
on  small  pulleys.  Dressing  for  rubber  belts  is  also  con- 
sidered. 

From  tuiif  to  time  one  f^ecs  artirles  on  thu  splicing  and 
general  repair  of  leather  belting,  but  rubber  and  canvas 
belts  seem  to  have  been  neglected. 

Nevertheless,  they  need  as  nnich  attention  as  their 
cousins   of  leather,   particularly   in   the   splicing.      Some 


holes  where  the  lines  cross.  As  there  are  six  piles  there 
will  be  three  cuts  or  scarfs,  as  shown  in  Fig.  2.  Cut  a 
line  just  the  depth  of  two  plies  at  the  45-in.  line  and  peel 
off  these  two  thicknesses;  do  the  same  at  the  15-  and  30- 
in.  lines. 

Scarf  the  other  end,  iilacc  the  halves  together  and 
punch  holes  in  the  lower  half,  inserting  the  punch  in  the 
holes  in  the  upper  half.  By  so  doing,  the  holes  will  be 
directly  opposite  each  other.  Cleanse  the  surfaces  with 
naphtha  and  apply  a  liberal  coating  of  the  best  rubber 
cement.     Allow  this   to   dry  until   it   will   not   stick   to 


rg  FIS  .    5 

EYED  AWL 
FIG.  3 

Stitchings,  Splices  and  Tools  Used  In  Repairing  Rubiser  Belts 


time  ago  the  writer  installed  a  36-iu.  belt  that  was  50 
ft.  between  centers.  As  belts  of  this  sort  are  prone  to 
stretch  when  new,  care  should  be  taken  in  stretching  the 
belt  over  the  pulleys. 

First  allow  i/g  in.  to  each  lineal  foot  of  belt  for 
stretch,  place  the  belt  in  position,  jjut  on  the  clamps  and 
draw  them  tight.  Do  not  be  afraid  of  breaking  the  belt 
as  five-ply  10-in.  belt  will  stand  a  strain  of  10,000  lb., 
larger  ones  in  proportion  ;  the  pulley  will  collapse  first. 
Take  all  the  tension  the  bearings  will  stand,  then  turn 
the  shaft  slowly  back  and  forth  until  the  clamps  touch 
the  pulleys ;  taking  up  the  slack  as  it  is  recovered  from 
the  upper  half.  Neglect  to  do  this  will  stretch  only  one- 
half  of  the  belt,  and  is  apt  to  cause  it  to  run  out  of  line. 

After  thoroughly  stretching  the  belt,  proceed  with  the 
lap,  which  for  a  belt  of  this  kind  should  be  45  in.  long. 
Bear  in  mind  that  the  lap  should  always  point  in  the 
direction  of  travel  over  the  pulley  as  in  Fig.  1.  By  so 
doing  any  slip  of  the  pulley  will  have  a  tendency  to 
smooth  down  the  lap. 

Place  the  board  on  the  clamp  rods  to  rest  the  splice 
on;  then  draw  a  line  squarely  across  the  belt  47  in.  from 
the  end.  Lay  the  section  off  in  2-in.  squares,  starting  one 
inch  from  the  outer  edge  as  in  Fig.  3.    Now  punch  %-in. 


the  fingers,  then  place  the  laps  together,  starting  at  the 
edge  and  rolling  the  upper  one  out  as  it  is  being  cemented 
so  that  air  may  not  be  entrapped  between  the  surfaces. 
Then  sew  the  outer  edges,  using  the  shoemaker's  stitch, 
shown  in  Fig.  3.  Alternately  roll  and  pound  the  joint 
until  it  is  perfectly  flat,  then  sew  each  row  of  holes  as 
was  done  with  the  outci-  ones. 

Cut  filling  strips  the  width  of  the  space  between  lac- 
ings (most  belt  companies  sell  this  duck  all  prepared), 
and  give  them  several  coats  of  rubber  cement  on  each 
side.  Clean  the  face  of  the  belt  between  the  laces  with 
naphtha  and  give  it  a  liberal  coating  of  cement.  When 
each  surface  is  dry,  that  is,  when  the  finger  placed  light- 
ly to  the  surface  will  not  adhere,  place  the  strips  be- 
tween the  lacing  and  roll  them  down.  Now  take  a  piece 
of  duck,  the  width  of  the  splice,  but  4  in.  longer,  and  ce- 
ment this  to  the  face  of  the  belt,  covering  the  joint.  By 
so  doing  the  lacings  are  protected  and  except  for  the  oc- 
casional renewal  of  the  outer  covering  the  joint  is  as 
durable  as  the  belt  itself. 

In  sewing  belts  of  this  kind,  tip  the  laces  like  a  shoe 
string  by  bending  a  V-shaped  piece  of  tin  around  the 
ends ;  another  way  is  to  use  an  eyed  awl  to  pull  the  lace 
through  the  belt. 


146 


V  0  W  E  R 


Vol.  38,  No.  4 


Belts  smaller  than  10  in.  are  butted  and  have  a  butt 
strap  on  the  outer  surface,  this  is  known  as  the  "back 
splice."  Belts  ou  grindstones,  saws,  rattlers,  etc.,  where 
shippers  are  used  will  w'car  on  the  cornel's  where  they 
are  butted,  and  the  outer  lace  hole  will  soon  tear  away, 
if  this  form  of  joint  is  not  used.  Shippers  for  belts  of 
this  kind  should  always  be  of  the  roller  type.  In  joining 
canvas  belts  always  stagger  the  holes  and  do  not  have 
them  less  than  li/4  in.  apart  as  the  fal)ric  is  apt  to  crack 
across  in  cold  weather. 

Another  form  of  joint,  kjiown  as  the  "dirtmond  splice," 
is  used  on  generators  wilh  small  jndlcys  as  there  is  less 
shock  when  the  lap  passes  over  the  pulley,  eliiiiiiuiting  all 
flicker  of  the  lamps. 

The  diamond  splice  is  made  in  much  the  same  manner 
as  the  lap  splice  except  that  the  scarfs  are  divided  into 
three  equal  parts  and  cut  as  shown  in  Fig.  3,  it  is  not 
so  strong  a  joint  as  the  lap  splice,  but  it  is  more  flexible, 
therefore,  better  adapted  lo  small  i)ulleys. 

Many  engineers  condemn  rubber  belts  as  too  cheap 
or  they  consider  them  as  a  poor  substitute  for  those  of 
leather.  This  is  a  mistaken  idea.  I  personally  know 
of  rubber  belts  that  have  been  in  continuous  operation  for 
years  under  most  exacting  conditions,  such  as  dust-laden 
grinding  rooms,  dye  house  where  the  belts  were  drenched 
with  moisture  and  outdoor  drives  suliject  to  all  weather 
conditions. 

I  would  not  advise  using  ruljber  belts  (ju  small   pulleys 


as  the  outer  side  of  the  belt  must  stretch  and  the  sIm. 
next  the  i)ulley  compress.  This  creates  a  forward  ain! 
backward  motion  between  the  plies  of  the  belt  and  is  a  pi 
to  separate  these  plies. 

On  a  given  arc  the  stretch  and  compression  arc  tih- 
same  for  one  thickness  of  belt,  so  that  increasing  tliu 
diameter  of  the  pulley  lengthens  the  life  of  a  belt  as  tli  ■ 
stretch  and  compression  are  less  per  foot.  As  the  thick  ^ 
ness  of  the  belt  increases  so  should  the  diameter  of  tin 
pulley.  For  instance,  the  arc  of  a  belt  1/4  ^n-  thick,  on  a 
2-ft.  pulley  would  measure  37.69  in.  next  to  the  face  >i\' 
the  pulley,  while  the  outer  edge  would  measure  38.48  in., 
a  total  distortion' of  0.79  in.  If  the  belt  were  %  in.  thiik 
the  outer  edge  would  measure  39.27  in.,  giving  a  total  dis- 
tortion of  1.58,  just  twice  as  much;  see  Fig.  4. 

So  when  more  power  is  wanted  and  it  is  not  advisabh 
to  increase  the  size  of  the  pulley  better  results  arc  ob- 
tained by  widening  the  belt  and  pulley  face  than  to  in- 
crease the  thickness  of  the  belt. 

To  increase  the  diameter  of  the  pulley  to  48  in.  wouM 
give  a  total  distortion  of  1.58  in.  when  using  a  %-iii. 
belt,  but  as  the  arc  would  measure  75.4  in.,  the  distortimi 
for  each  lineal  foot  would  be  halved. 

Animal  fats  and  grease  should  never  be  used  on  rulibi  i 
belts.  Boiled  linseed  oil  is  good;  also  equal  parts  (  !' 
black  lead,  red  lead,  French  yellow,  litharge  and  enou,i;li 
Japan  dryer  to  make  it  dry  quickly.  This  will  give  a 
smooth  polished  surface. 


Available  CO2    Percentages 


[I.  O'Xkili. 


SYNOPSIS — Influence  of  hi/droi/eii  and  air  supph/  lo 
fuel  upon  the  possible,  percentages  of  VOo  resulting  from 
Ihe  combustion  of  fuel  composed  of  carbon  and  hydrogen. 

The  author  of  "Available  CO^  Percentages,"  in  the  is- 
sue of  Apr.  15,  correctly  states  that  the  percentage  of 
(  0.  in  a  flue  gas  does  not  in  itself  determine  furnace  efR- 
ciency,  for  the  loss  to  stack  of  even  a  small  amount  of 
( '0  means,  relatively,  a  large  loss  in  available  heat.  Nor 
does  highest  CO^,  percentage  necessarily  mean  highest 
efficiency. 

However,  his  method  of  measuring  the  possible  CO, 
percentage  by  the  percentage  of  fixed  carbon  in  the  fuel 
is  fallacious.  If  it  were  correct,  CO^  could  not  possibly 
be  produced  from  the  combustion  of  a  hydrocarbon  such 
as  oil,  which  has  no  fixed  carbon.  It  is  certain  that  the 
combustion  of  such  fuel  does  produce  C0„. 

C0„  percentage  is  determined  by  the  air  supplied  per 
pound  of  combustible,  and  by  the  chemical  composition 
of  the  fuel.  Combustion  of  pure  carbon  in  air  produces 
by  volume:  Nitrogen,  79.1  per  cent.;  CO,  +  0  +  CO, 
30.9  per  cent.  Here,  the  available  C0„  is  20.9  per  cent., 
and  the  percentage  of  CO.^  obtained,  depends  upon  the 
amount  of  air  supplied  in  excess  to  that  required  for 
complete  combustion,  that  is,  CO.^  will  approach  20.9  per 
cent,  as  a  maximum  by  pro]ier  furnace  design  and  opera- 
tioTi. 

What  really  determines  the  available  CO,  percentages 
is  the  available  total  of  CO..  -f  O  -f  CO,  or  if  the  com- 
bustion is  complete,  the  available  total  of  CO,  -f-  0.  This 


can  be  calculated  oidy  alter  an  ultimate  analysis  of  the 
fuel,  showing  the  percentage  of  nitrogen,  oxygen,  sul- 
phur, hydrogen  and  carbon. 

Nitrogen  fixed  in  the  coal  will  appear  in  the  analyzt  i- 
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in  addition  to  the  nitrogen  of  the  air  supplied  to  the  fuel. 
Therefore,  the  percentage  of  the  available  total  will  tend 
to  be  under  20.9  per  cent.  Oxygen  so  fixed  mav  com- 
bine directly  with  the  fuel  without   being  accompanied 
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Aitli  Jiitrogen,  as  in  the  case  of  the  oxygen  in  the  air 
■  iiiiplied.  Therefore,  when  the  coal  contains  oxygen,  the 
litrogen  residue  will  be  decreased  relatively,  and  the 
ivailable  total  may  run  over  80.!)  per  cent.,  as  is  the  case 
vitli  the  combustion  of  certain  high-oxygen  coals. 

The  combustion  of  sulphur  in  small  percentages  has  an 
nconsiderable  effect  on  the  available  total. 

With  practically  all  Eastern  steaming  coals,  the  livdri)- 

^en  in  combustion  has  the  most  ini])ortaiit  ott'cci  mi  Ihe 

ivailable  total.      It   may  be  assumed    witbin   rrasoii   that 
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required  for  complete  combustion  and  liie  pniportion  of 
liydrogen  in  the  combustible.  Figs.  2  and  3  siiow  graphi- 
cally the  effects  of  hydrogen  and  air  supply  upon  the  CO. 
percentage.  In  all  three  charts  the  combustible  is  assumed 
to  be  carbon  and  hydrogen  only. 

With  good  steaming  eoal,  from  -i  to  .5.5  per  eeut.  of  the 
combustible  is  hydrogen.  If  there  is  little  nitrogen  and 
o.xygen  contained  in  the  coal,  the  totals  of  CO,  and  0  in 
tlie  flue  gas  will  be  from  18.5  to  19  per  cent;  that  is, 
the  maximum  CO,  available  will  be  18.5  to  1!)  per  cent. 

With  good  furnace  design  and  operation,  the  CO, 
should  average  from  12  to  U  pei-  (ent.  with  rnim  6.5  to 
4.5  per  cent,  o.xygen. 

Oil  fuels  usually  run  about  S5  per  cent,  larhoii  aiiit 
15  per  cent,  hydrogen.  In  this  case,  the  availalile  CO, 
is  not  over  about  14.5  per  cent. 

From  the  combustion  of  certain  natural  gases,  where 
H  is  greater  than  30  per  cent.,  tiie  avaihiblc  CO,  percent- 
age is  even  lower. 

Therefore,  analyses  of  flue  gas  Un-  CO,  undei-  certain 
conditions  may  be  misleading  as  indications  (Ji-  measures 
of  furnace  efficiency,  unless  the  engineer  knows  his  fuel. 
The  charts  shown  are  intended,  principally,  as  an  aid  to 
visualizing  the  influence  of  hydrogen  contained  in  fuel 
upon  the  results  obtained  in  tlic  (jrdinary  Hue-gas  analysis. 


New  Recorder  Pen  Arm 

Lifting  the  pen  arm  from  the  chart  holder  of  a  record- 
ing instrument,  retaining  it  in  a  strained  position  with 
one  hand,  n'hile  the  chart  is  changed  with  the  other,  re- 
quires considerable  practice  and  dexterity  to  accomplish 
witliout  spilling  the  ink  or  soiling  the  chart. 

The  Schaeffer  &  Budenberg  Mfg.  Co.,  Brooklyn,  N.  Y., 
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Two   T'OSITIOXS  OF  THK   liKCODDING   Al!M 


:'ombustil)]e  is  composed  of  only  carbon  and  hydrogen. 
This  is  true  also  <jt'  fuel  gas  and  fuel  oils  except  foi-  a 
trace  of  sulphur. 

The  hydrogen  in  the  coal  combines  with  the  oxygen  of 
the  air  to  form  H,0  (superheated  steam)  which  con- 
rlenses  in  the  Orsat,  thus  robbing  the  available  total  of  a 
pertain  percentage  of  oxygen,  so  that  it  will  be  less  than 
20.9  per  cent. 

Fig.   1   shows  the  relation   between   the  amount   of  air 


has  applied  for  patents  on  a  new  recording  i>cn  arm  to 
be  used  exclusively  on  their  "Columbia"  recording  gages, 
recording  thermometers  and  tachometers,  that  does  away 
with  this  objection.  The  arrangement  consists  of  a  pen 
arm  proper,  its  pedestal,  and  an  adjusting  screw.  The 
pedestal  is  directly  connected  to  the  recording  element  of 
the  instrument,  which  is  retained  in  place  by  its  slight 
resilieiKV  and   with  the  aid  of  the  pin  on  the  adjusting 
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Wlu'ii  the  cliart  is  changed  the  recording  arm  is  drawn 
away  from  the  recorder  by  lifting  it  from  the  pin,  and 
is  allowed  to  drop  to  the  right,  the  pedestal  remaining 
stationary,  as  sho\ra  in  the  illustration.  The  obstructing 
pen  arm  thus  being  removed,  the  chart  is  easily  changed 
and  the  recording  pea  replaced  in  its  proper  position. 

Cookson  Heater  Improvement 

The  improved  body  of  the  Cookson  heater  is  cast  in 
one  piece  to  give  greater  strength,  durability  and  better 
appearance.  The  substitution  of  a  single  casting  for  the 
built-up  plate  body  does  away  with  bolts  and  calked  joints, 
except  for  the  oil  separator,  manhole  and  handhole  covers 
and  the  pipe  fittings ;  hence,  there  is  no  chance  for  leak- 
age at  the  points  which  in  the  built-up  heater  are  most 
apt  to  give  trouble  from  this  source. 

This  one-piece,  cast-iron  heater,  which  is  built  by  the 
Bates  Machine  Co.,  Joliet.  111.,  has  large  steam  space, 
tray  surface  and  filtering  space,  and  the  four  large  man- 
holes and  handholes  make  cleaning  easy.  The  cleaning 
doors  are  conveniently  located  in  front  and  back  and  as 
the  heater  may  be  made  right  or  left  handed  by  turning 
half  way  around,  it  will  fit  into  the  plant  without  com- 
plications in  the  piping. 

The  oil  separator  is  made  iu  two  types :  one  is  extra 
large  and  fitted  with  a  cutout  valve,  which  permits  of 
shutting  off  the  body  of  the  heater  for  cleaning  without 
interfering  with  the  action  of  the  oil  separator. 

The  second  or  standard  oil  separator  permits  of  piping 
the  heater  on  the  thoroughfare  or  induction  principle  and 
eliminates  oil  from  as  much  exhaust  steam  as  is  required 
for  feed-water  heating. 

A  steam  trap  and  return  openings  are  provided  so  that 
the  heater  may  receive  the  returns  from  a  steam-heating 
system  or  not  as  desired. 

Lytton  Vacuum  Traps  Serving  Surface 
Condenser 

When  an  engineer  thinks  of  a  surface  condenser,  he 
naturally  associates  with  it  a  circulating  and  wet-vacuum 
pump,  or  a  hotwell  and  dry-air  pump.  But  how  many 
have  seen  the  wet-air  jjump  used  as  a  dry-air  pump  and 
the  condensate  from  the  condenser  handled  by  one  or 
more  vacuum  traps? 

Although  such  a  combination  may  appear  impractic- 
able, there  may  be  seen  in  operation  day  and  night,  at 
the  Jacob  Euppert  Brewery,  East  Xinety-second  St., 
Xew  York  City,  either  one  of  the  two  1200-hp.  Wheeler 
surface  condensers,  each  piped  to  an  Edwards  air  pump 
and  two  Lytton  vacuum  traps. 

The  conditions  iu  this  plant  are  different  from  those 
found  in  the  average  power  plant.  It  is  a  refrigerating 
installation,  with  auxiliary  lighting  units.  Beside  cool- 
ing the  products  of  the  brewery,  ice  is  manufactured  for 
commercial  use,  and  the  problem  was  how  to  save  the 
condensate  from  the  surface  condensers  for  making  ice. 

Originally  the  condensate  was  handled  by  the  wet-air 
pump,  but  this  so  mixed  the  water,  air  and  gas  which 
entered  the  condenser  that  the  water  was  worthless  for 
manufacturing  ice  without  further  treatment.  Various 
schemes  were  tried  to  free  the  water  of  air  and  gas,  but 
■without  success,  until  the  idea  of  adopting  vacuum  traps 
as  a  means  of  handling  the  condensate  was  adopted. 


The  two  surface  condensers  in  this  plant  each  contain 
1665  three-quarter-inch  tubes,  10  ft.  2  in.  long.  The 
Edwards  wet-air  pump  was  piped  to  the  condenser  with  a 
6-iu.  nipple  extending  1  in.  above  the  bottom  of  the 
shell.  The  two  traps  were  connected  to  the  other  end  of 
the  condenser  at  the  bottom  so  that  the  water  flows  to 
them  with  a  small  head. 

If  for  any  reason  both  of  the  traps  .should  fail  to  op- 
erate, the  water  would  collect  in  the  bottom  of  the  con- 
denser shell  until  it  overflowed  the  top  of  the  projecting 
4  in.,  of  the  nipple  of  the  air-pump  connection.  Should 
this  occur,  the  pump  operates  as  a  wet-air  pump  and 
would  maintain  the  vacuum  and  relieve  the  condenser 
of  water.  Under  ordinary  conditions  the  pump  takes 
care  of  the  vapor  which  is  not  condensed  and  stands 
ready  to  act  as  an  emergency  wet-air  pump  if  necessary. 

The  accompanying  illustration  shows  one  of  the  rou- 


Lytio.n  \'acl'um  Tkaps  Oper.\tixg  with  a  Surfai  i; 
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densers,  the  air  pump  and  vacuum  traps.  Each  trap  op- 
erates at  80  lb.  of  water  per  discharge  and,  when  both 
are  in  operation,  discharges  occur  between  four  and  six 
times  per  minute,  depending  upon  the  load  on  the  en- 
gine. If  for  any  reason  one  trap  is  out  of  service  the 
remaining  trap  will  operate  at  a  rate  of  five  discharges 
per  minute,  but  such  rapid  and  .'^evere  work  is  not  recom- 
mended. 

At  the  time  a  Power  representative  saw  the  installa- 
tion, each  trap  was  discharging  twice  a  minute.  The 
trap  gage  showed  a  difference  in  pressure  from  1  lb.  to 
28  in.  of  vacuum,  which  represented  the  discharge  pres- 
sure and  the  vacuum  on  the  trap  during  the  discharge 
and  filling  periods.  The  traps  are  each  24  in.  in  diameter 
and  36  in.  high.  They  operate  with  a  consumption  of 
0.15  lb.  of  steam  per  100  lb.  of  water  discharged.  The 
circulating  water  enters  the  condenser  at  76  deg.,  and 
the  outlet  temperature  is  86  deg.  F.  The  condensate  dis- 
charged by  the  trap  has  a  temperature  of  S6  deg.  F. 

As  the  patent  arrangements  relating  to  this  trap  have 
not  been  fully  made,  details  of  the  internal  construction 
cannot  be  shown,  but  it  is  said  to  be  extremely  simple. 
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A.merican    Water    Works  &  Guarantee 
Co.'s  Report 

The  above  company  has  issued  a  60-page  annual  report 
containing  about  110  illustrations,  seven  maps  and  seven 
pages  of  statements  of  constituent  companies.  The  booklet 
s  divided  into  five  sections,  representing  the  company's  in- 
terests throughout  17  states  from  the  Atlantic  to  the  Pacific, 
water  works,  electric  railway  and  power,  irrigation,  hydro- 
slectric   power   and    industrial. 

The  latest  available  information  about  the  properties  con- 
Drolled  and  operated  and  about  the  communities  served  is 
jiven  at  considerable  length.  Views  in  cities  having  30  wa- 
:er  companies:  of  the  West  Penn  Traction  system  and  indus- 
trial establishments  operated  in  whole  or  in  part  by  electric 
power;  of  irrigation  systems  in  Idaho  and  California,  to- 
gether with  agricultural  scenes:  of  power  plants  and  sites  in 
[daho,  and  progress  pictures  of  the  Cheat  River  hydro-elec- 
tric development  in  West  Virginia:  of  properties  of  the 
United  Coal  Co.  The  frontispiece  is  a  picture  of  Great  Shos- 
tione  Falls,  on  the  Snake  River,  near  Twin  Falls,  Idaho. 
^These  falls  are  212  ft.  high,  or  55  ft.  higher  than  Niagara, 
and  have  been  popularly  pronounced  the  most  beautiful  on 
the  American  continent.  The  maps  show  locations  of  the 
properties  and  give  a  genei-al  idea  of  the  scope  of  operations 
of  the  parent  organization.  The  booklet  is  being  distributed 
by  J.  S.  &  W.  S.  Kuhn,  Inc.,  of  Pittsburgh,  the  fiscal  agent 
Of  the  American  Water  Works  &  Guarantee  Co. 


THK  FITTING  AND  ERECTING  OF  ENGINE.S.  By  C.  Leslie 
Browne.  Emmot  &  Co.,  Ltd.,  Manchester,  England.  Cloth: 
153    pages,    5%x&%    in.:    illustrated.      Price    3s.    6d. 

PRACTICAL  ALTERNATING  CURRENTS.  Fifth  edition.  Bv 
Chas.  F.  Smith.  The  Scientific  Publishing  Co.,  Man- 
chester, England.  Cloth:  398  pages,  5V4xS%  in.;  25S  il- 
lustrations:   tables.      Price    6    shillings. 

ENGINEERING  TABLES  AND  DATA.  By  W.  W  F.  Pullen. 
Third  edition.  The  Scientific  Publishing  Co.,  Manchester, 
England.  Cloth:  68  pages,  SV^xSy-  in.;  tables;  illus- 
trated.     Price    Is.   6d. 

LOGARITHMS  FOR  BEGINNERS.  Fourth  edition.  By 
Charles  N.  Pickworth.  D.  Van  Nostrand  Co.,  New  York. 
Cloth;    49    pages,    5x7  >4    in.:    tables.      Price    1    shilling. 

STEAM  POWER  PLANT  ENGINEERING.  Fourth  edition. 
By  G.  E.  Gebhardt.  .lohn  Wiley  &  Sons,  Inc..  New  York. 
Cloth:  989  pages,  6x914   in.;  608  illustrations;  chart.      Price 

$4. 

THE  NEW  STEAM  TABLES.  By  C.  A.  M.  Smith  and  A.  G. 
Warren.  D.  Van  Nostrand  Co.,  New  York.  Cloth;  101 
pages,   51^x81/3    in.;    plate;    tables.      Price,    $1.25. 

THE  MOTOR  AND  THE  DYNAMO.  By  James  L.  Arnold.  The 
Chemical  Publishing  Co.,  Easton,  Penn.  Cloth;  178  pages, 
6x9   in.;    166   illustrations.      Price,    $1.50. 

GAS  ENGINES  AND  PRODUCERS.  By  Lionel  S.  Marks  and 
Samuel  S.  Wyer.  American  School  of  Correspondence, 
Chicago,    HI.      Cloth;    62    pages.    5%x8»,..    in.;    illustrated. 


Exhibition    of   Power-PIant    Specialties 
at  Owen  Sound 

An  exhibit  of  power-plant  specialties  and  equipment  will 
be  held  at  Owen  Sound,  Ont.,  Tuesday,  Wednesday  and  Thurs- 
day, July  29,  30  and  31,  under  the  auspices  of  the  Exhibitors' 
Association  of  C.A.S.E.,  when  the  stationary  engineers  meet 
in  convention.  An  interesting  program  has  been  prepared 
for  the  convention  and  entertainment  for  ladies  provided,  in- 
cluding automobile   trips,   boat   trips,   etc. 

The  headquarters  for  the  exhibitors  will  be  King's  Royal 
Hotel,  at  King's  Royal  Park,  about  two  miles  from  Owen 
Sound. 


To  Aid  Exhibitors  at  the  Panama- 
Pacific  Exhibition 

In  corresponding  with  manufacturers  of  machinery  and 
mechanical  devices  with  reference  to  exhibiting  at  the  Pan- 
ama-Pacific International  Exposition  in  San  Francisco  in  1915, 
the  replies  indicate  that  some  manufacturers  who  build 
minor  devices,  although  of  great  interest  from  an  exhibit 
standpoint,  cannot  bear  the  expense  of  maintaining  an  in- 
dividual representative  in  San  Francisco  during  the  Ex- 
position period.  The  department  of  machinery  exhibits  will 
gladly  cooperate  with  such  manufacturers  to  make  it  possible 
for  them  to  show  their  lines  at  reduced  cost  in  accordance 
with   the   following   suggestion: 

If  several  such  manufacturers  will  club  together  and  make 
their  individual  applications  for  space  for  showing  their  prod- 
ucts, and  express  their  desire  to  have  it  done,  they  will  be 
assigned  space  in  such  a  way  that  their  exhibits  may  be 
grouped  together,  and  handled  and  cared  for  by  one  person; 
in  this  way  the  expense  can  be  greatly  reduced  and  the  ef- 
fectiveness of  the  exhibit  enhanced.  If  this  is  done,  each 
exhibit  will  be  considered  by  the  jury  for  awards  in  the 
same  manner  as  if  handled  independently.  It  would  perhaps 
not  be  wise  to  include  in  any  group  directly  competitive  ar- 
ticleg,  but  it  should  be  possible  to  work  out  groups  of  de- 
vi,'»3  which  are  more  or  less  related  to  each  other,  and  yet 
do   not   come    into   direct    competition. 

As  a  concrete  example,  take  a  manufacturer  whose  work 
is  confined  almost  exclusively  to  the  making  of  ball  bearings. 
An  exhibit  in  which  the  ball  bearings  of  all  different  forms 
and  styles  constituted  the  central  feature  might  have  grouped 
around  it  a  number  of  other  devices  or  machines  in  which 
the  ball   bearings  are   used,   such   as   ball-bearing   jacks,   etc. 

Similarly  accessories  of  correlated  kinds  might  be  grouped 
together  and   the  individual   expense  reduced. 

The  department  of  machinery  exhibits  will  be  pleased  to 
hear  from  any  persons  who  are  interested  in  such  a  plan,  and 
will  cheerfully  furnish  any  information  possible  to  aid  or 
assist  Intending  exhibitors. 


NEW     PUBLICATIONS 


PRACTICAL  MATHEMATICS.  By  Claude  Irwin  Palmer,  As- 
sistant professor  of  mathematics.  Armour  Institute  of 
Technology.  Published  by  McGraw-Hill  Book  Co..  New 
York.  Size  4i/4x7  in.;  147  pages,  illustrated,  cloth.  Price 
$1.75. 

This  volume  treating  the  subject  of  trigonometry  and 
logarithms  is  the  last  of  a  series  of  four  volumes  on  the  sub- 
ject of  Practical  Mathematics.  The  otiier  three  volumes  deal 
with  arithmetic,   geometry   and   algebra    respectively. 

The  series  is  the  outgrowth  of  a  course  in  practical  mathe- 
matics given  in  the  evening  classes  of  the  Armour  Institute 
of  Technology.  The  purpose  of  these  volumes  is  to  present 
to  the  ordinary  tradesman  the  means  for  obtaining  a  work- 
ing knowledge  of  the  mathematics  he  requires  in  his  work. 
Numerous  practical  examples  are  used  as  a  means  of  pre- 
senting methods  for  working  in  the  various  branches  of 
mathematics    covered    by    the    series. 


A  PRIMER  OP  THE  INTERNAL  COMBUSTION  ENGINE.  Bv 
N.  E.  Wimperis.  Published  by  D.  Van  Nostrand  Co..  25 
Park  Place,  New  York  City.  Cloth,  5x7  in.;  143  pages, 
illustrated.      Price,    $1,    net. 

As  the  author  states  at  the  outset,  this  little  book  is  in- 
tended chiefly  as  an  introduction  to  his  textbook  on  "The  In- 
ternal Combustion  Engine."  In  this  way  the  larger  work  is 
not  encumbered  with  the  more  elementary  considerations,  and 
those  who  do  not  cai'e  to  go  deeply  into  the  subject  will  find 
sufficient  in  the  "Primer"  to  give  them  a  general  knowledge 
of   internal-combustion    engines. 

An  introductory  chapter  is  devoted  to  a  brief  history  of 
the  internal-combustion  engine,  and  this  is  followed  by  chap- 
ters on  the  theory  of  heat,  gases  and  vapors,  the  ideal  engine, 
the  real  engine,  fuels  and  gas  producers,  engine  details  and 
engine  tests.  Of  course,  only  the  high  points  are  touched 
under   each    item. 

The  text  has  been  prepared  with  a  view  to  its  use  in  the 
classroom,  which  fact  explains  the  employment  of  calculus 
in  the  chapter  on  gases  and  vapors.  Numerous  examples  are 
also  included  and  the  answers  are  given  at  the  back  of  the 
book. 


GAS    ENGINES    AND    PRODUCERS.      By    L.    S.    Marks    and    S. 
S.    Wyer.      Published    by    the    American    School    of   Corres- 
pondence.  Chicago,   1913.      Size   8x5^4    in.;    213   pages,    illus- 
trated.     Price    $1    net. 
This    is    one    of    a    list    of    handbooks    which    the    American 
School    of    Correspondence    has    got    out    for    home    study    to 
meet    the    needs    of   those    who    do    not    find    it    convenient    to 
take    the    correspondence    course.      The    book    comprises    two 
principal  divisions — the  first  dealing  with  gas  and  oil  engines 
prepared  by   Prof.   Marks  of  Harvard   and   the   second   on    gas 
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pioductrs  by  Samuel  S.  %Vyer,  the  well  known  authority  on 
that   subject. 

No  attempt  has  been  made  to  go  deeply  into  the  mathe- 
matics o(  the  subject,  outside  of  a  simple  treatment  of  the 
thermodynamics  of  the  Otto  cycle;  nor  have  the  finer  points 
of  design  been  taken  up — an  omission  very  commendable  in 
a  book  of  that  kind.  Instead,  the  text  is  largely  descriptive 
and  in  this  respect  undoubtedly  covers  more  types  of  en- 
gines and  producers  than  any  other  book  of  its  size.  Owing 
to  the  importance  of  the  Diesel  and  semi-Diesel  engines. 
however,  we  believe  the  authors  could  have  profitably  de- 
voted more  space  to  these  types.  There  appears  a  slight 
repetition  concerning  gas  engine  fuels  and  producers  in  gen- 
eral as  these  are  covered  in  both  the  gas  engine  and  producer 
sections.  This  is  probably  due,  however,  to  these  sections 
being   prepared   by   different   authors. 

Briefly,  the  main  divisions  of  the  subjects  covered  are: 
A  historical  sketch  of  the  internal-combustion  engine,  the 
modern  gas  engine  including  valves  and  valve  gears,  thermo- 
dynamics of  the  Otto  cycle,  ignition,  governing,  starting, 
water  jackets,  large  gas  engines,  kerosene  and  crude-oil  en- 
gines, manufacture  of  producer  gas,  gasification  losses  and 
producer  testing,  representative  types  of  producer-gas  clean- 
ing and  producer-gas  power  plants. 

The  text  is  written  in  a  simple  but  Interesting  style  and 
i«  "well  illustrated.  A  careful  perusal  of  the  book  should 
afford  one  a  very   good   knowledge   of   the   subject   in   general. 


THE  D'ESTE  STEAM  ENGINEER'S  MANUAL.  By  Julian 
D'Este  with  an  Electrical  Appendix  by  Charles  Penrose. 
Published  by  the  Julian  D'Este  Co.,  24  Canal  St.,  Boston, 
1913.  Size,  5x7  in.;  493  pages,  flexible  leather.  Price,  $2 
net. 

This,  the  second  edition  of  the  manual,  embodies  much 
new  matter  not  found  in  the  original  edition  and  besides,  an 
electrical  appendix  of  356  pages.  Although  the  electrical 
part  takes  up  more  space  than  that  devoted  to  steam  engi- 
neering, the  title  is  not  as  misleading  as  might  appear  at 
first  glance,  for  the  electrical  matter  has  been  selected  largely 
to   meet   the    needs   of   the   steam   engineer. 

The  first  part  of  the  book  is  devoted  to  a  brief  review  of 
mathematics  and  contains  numerous  useful  tables  and  for- 
mulas. Very  useful  information  is  given  on  boiler  settings. 
evaporative  tests,  pumps,  the  care  of  steam  boilers  and  set- 
ting up  stationary  engines.  Also,  the  engineer  is  shown  how 
to  figure  riveted  joints,  the  strength  of  boiler  shells,  strength 
of  stays,  bursting  stresses  in  flywheels,  areas  of  safety  valves, 
etc. 

It  is  to  be  regretted  that  the  author,  in  revising  the  work 
did  not  incorporate  the  Marks  and  Davis  steam  tables  in- 
stead of  adhering  to  the  old  values  and  he  might  well  have 
given  more  space  to  the  broad  subject  of  internal-combustion 
engines,  and  to  mechanical  refrigeration  and  ice-making, 
especially  since  a  great  many  steam  plants  now  contain  re- 
frigerating machinery. 

The  electrical  matter  is  excellent  and  contains  just  the  in- 
formation that  the  operating  man  desires  regarding  the  care 
and  operation  of  the  usual  electrical  apparatus.  In  this  the 
numerous  wiring  diagrams  should  prove  helpful.  Chapters 
aie  also  devoted  to  thermo-electric  pyrometry,  standard  cells, 
measurements    of    electromotive    force    and    illumination. 

About  50  pages  are  devoted  to  illustrating  electrical  gen- 
erating machinery  and  another  30  pages  to  views  of  typical 
generating  stations  in  the  United  States.  This  is  followed  by 
a  synopsis  of  the  electrical  equipment  of  a  typical  alternat- 
ing-current  generating   station. 

The  book  should  prove  a  valuable  aid  to  the  operating  en- 
gineer. 


It  has  been  decided  to  make  the  Hotel  Schenley  the  head- 
quarters of  the  Illuminating  Engineering  Society  convention, 
which  will  be  held  in  Pitsburgh,  Sept.  22-28.  The  hotel  is 
in  a  popular  residence  section,  within  easy  walking  dis- 
tance of  the  Carnegie  Museum,  the  Library,  Carnegie  Tech- 
nical Schools,  University  of  Pittsburgh,  several  prominent 
clubs  and  the  Soldiers  Memorial  Hall.  The  last-mentioned 
building  will  prove  of  particular  interest  to  illuminating  en- 
gineers because  of  its  wonderful  lighting,  said  to  be  un- 
equalled anywhere  in  the  United  States. 

The  program  as  now  outlined  covers  an  exceedingly  inter- 
esting set  of  papers  on  illumination. 

In  addition  to  the  technical  sessions,  the  local  committee 
has  arranged  for  a  series  of  entertainment  features,  in  which 
the  ladies  are  included,   covering  golf,   tennis,  baseball  games, 


automobile  rides,  theater  and  card  parties,  and  conclude  with 
a  banquet  at  Hotel  Schenley,  at  which  some  innovations  :u.; 
promised. 

Inspection  trips  have  been  arranged  to  several  induatn.il 
plants  including  the  Westinghouse  Electric  &  Manufactui  ijik 
Co..  Macbeth  Evans  Glass  Co.,  and  the  Carnegie  Steel  c:(». ; 
.also  a  luncheon  at  the  H.  J.  Heinze  Co.,  the  home  of  the 
57    varieties,    for    the    ladies. 

The  papers  as  now  scheduled  include,  among  subjects,  the 
"Quartz  Light,  Pontune,  and  Neon  Tube";  "Church,  Factory, 
Store,  Hospital  and  Street  Car  Lighting";  "The  Present  Com- 
mercial Development  in  Several  Forms  of  Lighting";  "Errors 
in  Photometric  Measurement,"  and  the  "History  of  .Vrtlticial 
Lighting." 

The  development  of  the  ne"w  flame-carbon  arc  lamp  "wi'i 
also  be  discussed  by  representatives  of  the  manufactm  n^- 
concerns. 

An  interesting  feature  of  the  technical  sessions  will  bi  tl.. 
holding  of  symposiums  on  the  various  general  subjects  to  ti- 
led by  those  particularly  well  posted.  These  meetings  will 
afford   open   discussion. 

A  transportation  committee  has  been  appointed,  including 
the  secretary  of  the  local  section  in  each  city,  which  will 
perfect  arrangements  for  the  members  and  friends  in  obtain- 
ing  transportation   to  and   from   Pittsburgh. 


The  sixth  annual  excursion  of  the  Combined  Associatiun 
of  Engineers  of  Brooklyn,  N.  T.,  took  place  on  Sunday.  July 
13.  About  2000  engineers  and  their  friends  boarded  thi- 
steamboat  "Adonis"  and  barge  "Sparina"  from  Jewell's  wharf. 
A  sail  of  40  miles  up  the  Hudson  River  was  made,  during 
which  dancing  was  enjoyed.  The  excursionists  stopped  at 
Forest  View  Grove,  returning  to  Brooklyn  at  eight  o'cln,  k. 
The    several    committees    are    to    be    congratulated. 
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PERSONALS 


J.  F.  Nagle.  chief  engineer  of  the  Kenogami  and  .hm- 
quiere  Paper  Mills  of  Price  Brothers  &  Co.,  and  lately  c  hi'  i 
inspector  for  the  New  York  Steam  Co.,  has  been  pronnt.  I 
to  the  position  of  supervisor  of  power  plants  for  the  alMiv.- 
company  with  headquarters  at  Kenogami,   P.  Q.,   Canada. 

B.  S.  Rederer  has  opened  an  office  at  518  Park  Building. 
Pittsburgh,  Penn.,  for  the  sale  of  power-plant  equipment.  He 
will  represent  the  Brownell  Co.,  Dayton,  Ohio,  W.  K.  Mitchell 
&  Co.,  Inc.,  Philadelphia,  Penn.,  Canton  Grate  Co.,  Canton, 
Ohio  and   the   Burt  Manufacturing   Co.,   Akron,   Ohio. 

C.  V.  Kerr,  formerly  chief  engineer  for  McEwen  P.i  ^s  . 
Wellsville.  N.  Y.,  has  severed  his  connection  with  that  <.>iii- 
pany  after  Z'A  years'  work  in  developing  a  helical  pump  ml 
a  propellor  blower.  He  is  now  engaged  in  the  private  'l'- 
velopment  of  a  group  of  turbine-driven  power-plant  auxil- 
iaries. 

Dean  W.  F.  M.  Goss,  of  the  College  of  Engineering.  I'lii- 
versity  of  Illinois,  has  been  unanimously  elected  chief  en-i- 
neer  of  the  committee  on  smoke  abatement  and  electrification 
of  railway  terminals  of  the  Chicago  Association  of  Comm-  i  - 
Dean  Goss  will  succeed  Horace  G.  Burt,  who  died  recentlv. 
In  order  that  he  may  take  up  the  work  without  interruption, 
he  has  had  granted  to  him  by  the  University  of  Illinois  a 
leave    of   absence    for    a    year. 

John  P.  Duftey,  treasurer  of  the  Scandinavia  Belting  Co., 
has  just  returned  from  a  month's  trip  abroad  having  visited 
the  company's  mills  at  Yorkshire,  England.  Mr.  Duffey  re- 
ports that  the  large  volume  of  business  this  company  has 
enjoyed  has  compelled  extensive  additions  to  the  present 
works,  making  the  third  within  the  last  five  years.  Mr. 
Duffey  also  states  that  the  policy  of  the  Scandinavia  Company 
is  such  that  the  factory  help  is  given  many  comforts,  such  as 
recreation  grounds,  etc.,  a  large  dance  hall  and  employees' 
dining  room  being  a  part  of  the  factory.  The  office  in  Lon- 
don occupies  four  floors  devoted  exclusively  to  the  selling 
of  textile  beltings.  The  factory  .-quipment  is  of  the  latest 
type. 


OBITUARY 


William'  Finney,  head  of  the  boiler  manufacturing  con- 
cern of  Pinney  &  Hoffman,  died  at  his  home  in  Brooklyn, 
N.  T.,  on  July  7.     Mr.   Finney  was   81  years  of  age. 
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A  man  on  the  job — ready  for  any  emergency — fully  aquainted  with  every  piece 
of  machinery  in  his  charge — fully  alive  to  the  possibility  of  his  department. 

A  man  who  runs  his  plant  intelligently,  so  that  every  dollar  spent  in  his  de- 
partment yields  a  dollar's  worth  of  value  and  maybe  more. 

A  man  who  knows  that  his  department  is  operated  on  as  economical  a  basis 
as  is  possible  with  modern  equipment. 

A  man  who  is  not  worried  by  central  station  figures — who  knows  he  can 
hold  his  own. 

A  man  who  can  prove  to  his  boss  at  any  time  that  he  is  the  right  man  for  his  job. 

A  man  who  goes  about  his  work  with  a  smile,  who  handles  his  men  with  a  smile, 
who  is  master  of  himself  and  his  future,  who  takes  advantage  of  every  opportu- 
nity to  add  to  his  knowledge  of  power  engineering — who  knows  things,  in  other 
words,  instead  of  guessing — who  does  things  instead  of  wondering  how  to  do  them. 

That  man  is  a  live  wire. 

Do  you  do  your  work  with  a  confident  smile?     Are  you  a  live  wire?     Be  one! 
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Savannah  Electric  Co.'s  New  Power  Plant 


By  Warkkx  0.  Kogers 


.<yXOP:<I.< — This  )>cic,  JlMO-l-w.  fapaciti/,  steam-iur- 
hine  central  staiion  is  probably  one  of  the  most  upiodaie 
insiallations  in  the  ."^outh.  It  will  displace  the  old  re- 
ciprocating-engine, hrlt-driven  units  of  the  old  plant. 
The  boilers  are  on  a  floor  above  the  turbines,  and  are 
separated  from  them  by  a  brick  wall.  Controlling  switches, 
electrical  recording  instruments,  etc.,  are  on  galleries  on 
the  opposite  side  of  the  turbine  room. 

In  order  to  eeononiically  supply  the  demand  for  elec- 
trical energy  in  the  city  of  Savannah,  Ga.,  which  has  out- 
grown the  capaciti^  of  the  old  plant,  a  new,  modem  in- 
stallation has  Ijeen  built  and  put  into  operation. 

The  old  plant  was,  at  one  time,  a  good  example  of  the 
modem  c-entral  station  of  its  period,  and  that  not  so 
manv  vears  ago.     The  generators  were  belt  driven  from 


Fig.  1.   View  of  the  Sav.4xxah  Electric  Co.'s  New 
Power  Plant  from  the  Eiver 

reciprocating  engines,  and  both  return-tubular  and  water- 
tube  boilers  were  used.  The  switchboard  and  controlling 
apparatus,  then  modern,  are  now  out  of  date.  Most  of 
the  electrical  apparatus  has  been  removed  and  all  elec- 
trical energy  generated  by  the  company  will  soon  be 
sent  out  from  the  new  plant. 

Savannah,  like  several  other  Southern  cities,  has  two 
electric-lighting  coiiiftanies,  and  as  a  result,  competition 
has  made  the  price  to  U!*rs  of  electrical  energy  consider- 
ably below  that  of  cities  where  but  one  companj-  supplies 
the  demand.  It  is  understood  that  the  price  ranges  from 
fie.  per  kilowatt-hour  down. 

The  new  plant  is  located  on  the  banks  of  the  Savannah 
River,  Fig.  1.  It  is  a  brick  building  and  the  general  in- 
terior design  attracts  the  eye  at  first  glance.  Entering 
the  building  from  the  street,  one  steps  into  a  hall,  off  of 
which  the  chief  engineer's  office  is  located.  A  stairway 
leads  from  the  inner  end  of  the  hall  to  the  lower  or 
switchboard  galler}'.  on  the  right-hand  side  of  the  plant. 
Above  this  gallery-  is  a  second,  used  for  purposes  to-be 
described  later.  P>oth  of  these  galleries  open  on  the  tur- 
bine room.    On  the  opposite  side  of  the  plant  is  a  bay  on 


a  level  with  the  turbine  floor,  which  extends  under  ■ 
l)oiler   setting.      Beyond   the    dividing   wall   of   the 
is  an  ashroom,  above  which  is  the  l)oiler-room  firing  a 
ley.     Between  the  ashroom  and  the  liay  in  the  turbir 
room  is  the  brick  setting  of  the  boiler  ashpits.     One  en^ 
of  the  boiler  and  turbine  room  is  made  with  temporar 
walls  to  allow  further  extension  of  the.  plant  when  thJ 
demand  justifies  such  action. 

Upon  entering  the  turbine  room:  the  visitor  obtains 
general  view  of  the  generating  units,  consisting  of 
.5000-kw.  and  one  1000-kw.  turbine  units.     The  turbin^ 
operate   with    180   lb.    steam   pressure   superheated    li 
deg.    Both  large  units  run  condensing  at  ISOO  r.p.m. 
generators  of  these  turbines  are  of  6250  kv.-a.  capacit 
and  j)roduce  two-phase,  60-cycle  current  at  2300  volt 
The  1000-kw.  turbine  drives  a  12.50-kv.-a.  generator. 

Contrary-  to  common  practice,  the  condensers,  inste 
of  being  in  a  basemeui  or  condenser  pit  are  on 
floor  level  with  the  turbines.  All  auxiliary  units  are 
on  the  same  floor  level.  This  arrangement  brings  aUl 
the  units  of  each  main  generator  where  their  operation ! 
under  the  immediate  observation  of  the  man  on  watc 
and  also  renders  the  crane  available  so  that  repairs 
inspections  can  be  made  most  expeditiously. 

The  turbines  are  placed  crosswise  of  the  room  and 
surface  condenser  and  circulating-pump  units  are  besid 
them.     A  general  view  of  the  turbine  room  is  shown 
Fig.  2.     The  arrangement  of  the  surface  condensers 
other  auxiliary  machinery  is  also  shown.     Fig.  3  shows  i 
plan  and  elevation  of  the  entire  plant. 

Each  large  surface  condenser  contains  13,000  sq.ft. 
cooling  area.  The  small  conden^e^  has  4000  sq.ft.  of  co 
ing  surface:  all  condensers  are  of  the  horizontal  type. 

Circulating  water  is  obtained  from  the  Savannah  Riv^ 
and  is  supplied  to  the  large  condensers  by  two  18-; 
volute  pumps,  directly  connected  to  llxl2-in.  vertic 
steam  engines.  The  small  condenser  is  supplied  wili 
circulating  water  by  a  lO-in.  volute  pump  directly  c-oij 
nected  to  a  6x7-in.  vertical  steam  engine. 

On  the  turbine  floor  at  the  cud  of  each  of  the  larg 
water-circulating  units  is  a  vertical  steam  turbine  dire 
ly  connected  to  a  centrifugal  hotwell  pump;  running 
2000  r.p.m. 

The  dry-vacuum  pumps  operating  in  connection 
the  large  condensers  are  placed  at  the  head  of  each 
They  are  10  and  26  by  18  in.  in  size.    The  small  vacni 
pump  is  8  and  16  by  12  in.  in  size. 

Exciter  Units  and  Oage  Board.s 

Two   exciter   units   are   driven    by    12.5-kw.   horizonj 
steam  turbines  at  2400  r.p.m.  and  run  noncondens 
Each   turbine   is   directlj'   connected  to  a   direct-cui 
generator  of  1000  amperes  capacity,  at  125  volts, 
vacuum  pumps  and  exciter  units  are  on  the  south  sidd 
the  plant. 

At  the  head  of  each  turbine  is  a  gage  board  upon  wH 
are    mounted    a    frequency   meter,    an    indicating   ste 
gage,  an  indicating  spring-vacuum  gage,  an  absolute 
'iiry-pressure  gage,  a  recording  steam-temperature 
10  show  the  temperature  of  the  inlet  steam  and  a  re 
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ng  vacanm  gage  connected  to  the  exhaust  to  the  c-on- 
lenser.  The  gage  boards  for  the  two  larger  turbines  also 
»ntain  a  spring  gage  which  indicates  thf  pressnre  in  the 
irst  stage  of  the  tarbine. 

Prill's 

Fig.  2  shows  the  loc-ation  of  the  pomp  bay:  a  near 
riew  of  the  pump  units  is  shown  in  Fig.  i.  They  con- 
dst  of  a  16  and  10  by  18-in.  pot  valve,  outside-center 
Mcked.  duplex,  boiler-feed  pump,  one  Ti.^  and  4%  hy 
5-in.,  duplex,  ontside-end  packed,  pot-vaive  pump,  used 
for  boiler  feed,  and  one  turbine-driven  unit,  tlie  water  end 
rf  which  is  a  4-in..  four-stage,  centrifugal  pump,  also 


motor-generator  set  for  supplying  railway  current.  Tli- 
synchronous  motor  is  of  1450  hp.  capacity,  using  230' 
volt,  60-cycle  current,  and  is  btiilt  for  80  per  c-ent.  power 
factor  leading  eurrent.  The  generator  end  delivers  60«)- 
volt  current  and  is  of  166*  amperes  capacity,  at  a  spee«l 
of  514  r.pjn. 

A  study  of  the  turbine  "room  shows  that  ample  spac-e 
has  been  provided  about  each  unit  which  will  greatly 
facilitate  the  work  necessary  about  the  plant  when  repairs 
are  made.  The  floor  is  of  c-oncrete.  The  roof  is  al#  ■ 
of  concrete  with  tar  and  gravel  c-overing  supported  b' 
steel  roof  trusses  t-arried  on  the  main  binding.  A  4-5- 
ton  crane  serves  the  entire  area  of  the  turbine  room. 


Gexeeal  View  of  the  Tcerixe  E' 


jised  for  boiler  feed.  This  gives  a  flexible  means  of  sup- 
ilying  boiler-feed  water.  A  "iy^  and  SV2  hy  10-in.,  piston- 
'wtTem.  duplex  pump  is  used  for  low-service  duty.  A  3- 
H..  lT5-r.pjn..  single-stage  centrifugal  pump  is  directly 
■onpled  to  a  15-hp..  two-phase.  220-volt  induction  motor. 
'''-  -  i^  used  for  pumping  water  to  the  elevated  tank  and 
er  station  uses.  This  pump  is  normally  operated 
lously  but  is  relayed  by  the  T^i  ^^'^  ^V^  ^J  10-in. 
team-driven  pump  already  mentioned. 

A  small  1^-hp..  motor-driven,  li^^-ii'-  centrifugal 
»nmp  handles  the  raw  water  supplied  to  the  settling  and 
iltering  tanks. 

At  the  end  of  the  room  next  to  the  small  turbine,  is  a 


BOILEK  Rooii 

The  arrangement  of  the  boilers  is  of  interest,  in  that 
the  greater  part  of  the  ground  area  beneath  them  is  used 
to  advantage  for  purposes  other  than  that  of  ashpits.  The 
floor  space  devoted  to  pumps  is  in  the  bay  under  the  rear 
end  of  the  boilers  and  gives  just  that  much  more  floor 
area  to  the  turbine  room.  All  headers  and  pipe  connec- 
tions are  either  plac-ed  back  of  the  boilers  in  the  boiler 
Toom  or  are  suspended  from  the  eefling  of  the  punr 
bay. 

There  are  four  70S-hp..  three-drum,  water-tube  boil- 
ers, each  equipped  with  superheaters  which  superheat  the 
steam  125  des.  F.     The  boilers  each  have  294  four-inch 
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ul)cs,  -iO  ft.  long,  and  three  42-ii:.  drums  made  of  Yo-in. 
)late;  tliey  are  23  ft.  3  in.  long,  and  are  made  of  upen- 
loartli  steel  having  a  tensile  strength  of  56,000  lb.  The 
loilers  are  designed  for  200  lb.  steam  pressure.  Steam  is 
neasured  by  steam-flow  meters,  one  for  each  boiler. 

Chain-grate  stokers,  each  11x13  ft.,  or  133  sq.ft.  of 
ctive  grate  area,  are  used.  They  are  driven  by  eccentric 
nd  rods  from  an  overhead  shaft  hung  from  brackets  on 


Fig.  4.    Paim'ial  \iv.w  oi-   iin,  I'i.mp  IIoum 

le  front  of  the  boilers.  The  shaft  is  belt  driven  by 
ither  of  two  vertical  steam  engines,  one  placed  between 
le  two  batteries  of  boilers,  the  other  at  the  end  of  the 
.>cond  battery  next  to  the  temporary  end  partition.  The 
laft  is  provided  with  a  clutch  at  each  belt  wdieel,  so  that 

section  of  the  shafting  can  be  cut  out  if  desirable,  or 
ich  battery  of  boilers  can  be  ojieratcd  inde])endent  of 
le  other  stoker  engine.  A  partial  view  of  the  boiler 
3om  from  the  front  is  shown  in  Fig.  5. 

Coal  is  delivered  to  the  stokers  from  a  :i2(i-ton  capac- 
y.   steel,   concrete-lined,    suspended    cnal    liin.   parabolic 


<  r  IS  hoisted  and  .lumped  into  a  hopper  above  the  crush- 
ing rolls,  from  which  it  falls  onto  a  belt  coal  conveyor, 
running  on  an  incline  from  the  coal  crusher  on  the  wharf 
to  a  point  central  with  the  storage  bin  in  the  builcr  house. 
Here  it  discharges  the  coal  onto  a  sccdiid  beU  ronveyor 
running  at  right  angles  to  the  first,  by  which  the  fuel 
is  delivered  to  the  coal  bunker.  In  case  no  cargo  is  to  be 
unloaded,  the  necessary  fuel  to  kee])  the  plant  ia  opera- 
tion is  hoisted  from  the  storage  pile  in  the  yard  and 
dumped  into  the  crusher,  and  conveyed  to  the  coal-stor- 
age bin  over  the  boilers.,    Eail  coal  can  also  be  handled. 

A  view  over  the  top  of  the  boilers  is  i<hown  in  Fig.  6. 
The  tops  of  the  boilers  have  been  filh^d  in  level,  so  that 
there  is  a  smooth,  flat  surface,  with  the  exception  of  the 
pipe  connections  and  the  po.kcts  made  for  convenience 
in  getting  at  the  top  row  of  tubes  through  doors  at  the 
bottom  of  the  clean-out  spaces,  two  of  which  are  shown 
in  the  foreground  of  Fig.  6.  All  piping  above  the  boil- 
ers is  shown,  and  its  sim])lici(y  contrasts  with  the  array 
found  in  many  lioib^r  inslallnlions.  There  are  three  pop 
safety  valves  for  each  boiler,  f«-o  on  the  saturated-steam 
]iipes  a)id  one  on  Ihc  superlicalcil-stcani  connection. 

Feed  water  can  be  drawn  fi'om  the  open  heater,  .seen 
at  the  right-hand  corner  of  Fig.  6,  and  pumped  to  the 
boilers  through  either  a  fi-in.  main  feed  line  feeding  in 
at  the  front  of  the  drum,  or  llirougb  an  auxiliary  IV2- 
in.  feed  line  at  the  rear.  Due  to  the  elevated  position 
of  the  heater,  the  water  goes  to  the  feed  pumps  by  grav- 
ity. In  case  of  emergency  the  water  can  be  cnt  out  and 
water  drawn  directly  from  the  river.  A  covered  steel 
smoke  tlue  runs  along  the  rear  ends  and  above  the  set- 
ting of  the  boilei's.  A  smoke  uptake  from  eacli  boiler 
connects  with  the  bottom  of  the  main  smoke  flue,  as 
shown  in  Fig.  7.  The  draft  is  controlled  by  a  damper 
regulator,  the  danijier  being  placed  in  the  smoke  flue  be- 
tween the  Ixiiler  and  the  reinforced-concrete  chimney, 
which  is  10  ft.  inside  diameter  at  the  top  and  is  253  ft. 
6  in.  hig-b. 


Fig.  5.   FnoxT  of  Boilehs 


Fig.  6.  Skttixg  ovki;  Boilki.'s 


Fig. 


shape.  It  extends  the  length  of  the  boiler  room  and 
)lds  several  days'  supply  of  fuel.  The  concrete  lining 
■otects  the  steel  easing  from  any  corrosive  action  of  the 
lal.  A  coal  chute,  equipped  with  a  weigher,  travels  on 
track  suspended  from  the  under  side  of  the  storage  bin. 
he  weigher  is  filled  from  either  one  of  the  four  outlets 

the  storage  bin,  and  the  fuel  is  delivered  to  the  stoker 
ippers  after  being  weighed. 

Fuel  is  usually  brought  to  the  plant  in  vessels,  and 
ther  unloaded  on  a  pile  near  the  wharf  by  a  tidi  hoist. 


The  3-in.  bbi 
to  each  boiler, 
and  the  fitting 
an  angle  \al\'e 
shown. 


wolf  header.  Fig.  T.  has  thi'i'c  conncftioiis 
with  a  blowolV  val\e  lietwccn  llic  boiler 
in  the  beaib'r.  At  the  end  of  the  header 
connects  with  a  vertii-al   blowolf  pipe,  as 


Piping 


Steam  is  conveyed  from  the  1 
steam  header  at  tlie  rear  of  llu 


oiler  to  the  12-in.  main 
boilers  through  four  6- 


long-radius  licut  pipes  wbicli  I'liii   in  a  horizontal  di- 
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iTi-tioii  iilxivo  tin.'  hdilcTs  iuiil  then  (IrDp  MTticiilly  to  the 
licador,  as-  i?ho\vii  in  i'ig.-;.  G  and  7.  This  lieador  rc'.st!>  ou 
idller  saddles,  about  3  ft.  above  tlie  boiler-room  floor.  A 
L'-e.\pansion  bend  is  connected  to  the  header  at  tlie  I'nr 
end,  just  be_yond  the  last  boiler.     This  position  will  l)ring 


Sw  ri'LHiio.\i;ii  ( I  \\aa:\:\ 
C'oMPAirrjiKXTs 
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it  in  the  center  of  the  header  when  duplicate  boiler  units 
have  been  installed. 

The  steam  pipes  leading  from  the  boilers  to  the  header 
are  fitti^d  with  two  stop  valves,  one  automatic  nonreturn 
valve  close  to  the  boiler  outlet,  the  other  Just  above  the 
header.  A  gate  valve  in  the  header  permits  ol'  cutting 
out  one-half  of  the  header,  two  boilers  su])i>lying  steam 

PRINCIPAL  EQriPMEXT   OF  THE   SAVANNAH   ELECTRIC  CO.'S   NEW   POWEH    PLANT 


All  main  lurliine  units  are  ]ii|ie(l  directly  to  the  nuiiu 
12-in.  header.  The  small  l()(H)-k\v.  unit  is  supplied  with 
steam  through  a  6-in.  long-radius  bent  pipe;  the  two 
large  turbines  through  an  <S-in.  long-radius  pipe,  as  sIk/wu 
in  Fig.  2.  These  eonncetions  are  made  from  the  top  of 
the  header  through  an  angle  valve,  thus  avoiding  pockets 
for  the  accumulation  of  water  when  the  units  are  shut  I 
down,  Fig.  7.  | 

Steam  for  the  auxiliaries  is  taken  from  the  top  of  the 
au.xiliary  6-in.  header,  and  extended  in  either  direction 
horizontally  to  the  various  pumps,  etc.,  drop]>ing  with 
short-radius  bends,  as  shown  in  Figs.  2  and  1. 

An  exhaust -steam  header  is  also  hung  from  the  ceil-, 
ing  of  the  pump-room  bay.     It  begins  with  8  in.  at  the 
end  next  to  a  small  air  compressor  at  an  end  of  the  bay 
ami   is  enlarged   to   14   in.   at 'the   other  end.      A    l(i-in. 
]iipe  beyond  the  vertical  20-in.  connection  to  the  heater  | 
permits  of  handling  exhaust  steam  from  future  auxiliary] 
units.     The  "iO-in.  exhaust  pipe  runs  to  the  heater,  which 
can  be  bypassed,  the  exhaust   steam  escaping  to  the  at- 
nuisiihere  through  a  Ifi-in.  horizontal  back-pressure  valve. 
The  live-steam  i^ipiug  is  drained  through  a  drip  header 
to   the    Holly    receiver   aiul    ilischarge    chamber   and   the. 
water  returne(l  to  the  bdilers  by  gravity.  i 

ifakeup  f'.'ed  water  fiu'  boiler  use  is  taken  from  the] 
Savannah  lliver.  On  account  of  the  muddy  condition  of j 
the  water,  it  is  first  admitted  to  a  fluctuating  tank  placed- 
below  the  ground  level,  into  which  a  coagulating  solu-i 
tion  is  pumped.  When  the  mud  has  been  precipitated,) 
the  water  goes  through  a  filter  into  a  storage  tank  from} 
which  it  is  pumped  to  the  feed-water  heater.  \ 

Xotwithstanding  that  the  arrangement  of  the  various 
units  has  been  su<h  thai   anijile  floor  nidui  has  been  ]ir(i- 
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Steam  flow 
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Furnace 
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Heater 

Open 
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ISOO 

1800 

1800 
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[  2300  ■ 
I     600 


Manufacturr 
AUis-Chalmers  (  . 
General  Eiectrir  ' 
AUis-Chalmers  ( 
Cieneral  Electric  ( 
Henry  R.  Worthii 


180 
180 
180 
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180 
180  1 

iso  I 

180  J 
180 


■  B.  F.  Sturtcvani  I  . 

Terry   Steam   Tiir'  mo 
Co. 
•  Henry  R.  Worthington 

■  General  Electric  Cr.. 
Henry  R.  Worthin^'ton 
General  Electric  f'l 
Alberger  Pump  .\    ' 

denser  Co. 
\  Henry  R.Wortlii    . 

[  General  Electric  Co, 

Case  Crane  Co. 
Babcock  &  Wilcox  Co. 
Power  Specialty  Co. 
Cieneral  Electric  Co. 
Green  Engineering  Co. 
Robins  Conveying  Belt  I 

Co. 
Ashton  Valve  Co 
Exeter  Machine  Wk^, 
General  Electric  < 


to  each  half,  if  nei-essary.  The  main  12-in.  header  is 
<-onnected  to  the  auxiliary  6-iii.  header,  hung  from  the 
<eiling  of  the  ]uimp  bay,  by  a  G-in.  pijie  connecting  at 
each  end  of  the  header.  Both  are  piped  from  the  top 
of  the  main  header  and.  making  a  TJ-bend.  drop  through 
lh(>  floor  to  the  auxiliary  iieader.  All  valves  and  fittings 
in  the  superheated-steam  piping  system  are  of  opeiihearth 
steel. 


vided  around  them,  the  same  liberal  space  has  been   '     - 
voted  to  the  electrical-controlling  device;;,  etc. 

Electrical  Apparatus  ; 

Tlie  main  distributing  switchboard  and  the  benchboard  j 
f(ii-  control  of  generating  and  converting  equipment  are 
on  the  first  gallery  opposite  the  boiler  room,  as  shown  in 
Fie.   8.     A  double   "jriflO-volt  bus   in  concrete   and   brick  J 
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compartments  is  located  over  the  oil  switches  in  the  bay 
below  the  switchboard  gallery.  The  bns  structure  is  iu 
two  rows,  at  the  end  of  which  are  located  the  feeder  regu- 
lators. 

The  five-panel  switchboard  sliown  at  tJie  right  of  Fig. 
8  on  the  generator  floor  controls  the  station  lighting  and 
power  service.  Fifteen  mercury  are  sections  for  street 
lights  are  located  in  the  switchboard  gallery. 

On  the  top  balcony  the  turbine-field  rheostats  are 
placed,  with  provision  for  four  more.  This  floor  also  af- 
fords room  for  a  storage  battery  for  operating  the  solenoid 
control  switches  in  the  .station.  A  projection,  central 
with  the  length  of  the  switchboard  gallery,  afford-s  means 
for  the  operator  to  obtain  a  view  of  the  entire  turbine 
room.  The  balconies  and  floor  of  the  boiler  and  turbine 
room  are  of  concrete.     The  building  is  well  illuminated. 


both  by  natural  light  during  the  day  and  artificial  il- 
lumination by  night. 

Distributing  circuits  are  carried  from  the  station  over- 
laud  with  the  exception  of  three  line  cables  for  operating 
two  substations.    These  are  taken  out  underground. 

When  the  new  substation,  now  nearing  completion,  is 
put  into  service,  the  electrical  energy  from  the  power 
plant  will  be  transmitted  to  it  in  a  duplicate  underground 
line,  there  to  be  convei-ted  by  motor  genei-ators  for  sup- 
plying au  Edison  three-wire  system  in  the  business  dis- 
trict. This  new  building  will  contain  the  necessary  con- 
verting apparatus  and  offices  of  the  company.  It  is  located 
in  a  district  convenient  for  business  and  distributing  pur- 
poses. This  power  plant  was  designed  and  constructed 
by  the  Stone  &  Webster  Engineering  Corptiration.  Bostdii. 
Mass. 


The  "Flat-Curve"  Engine 


Hv  A.  1).  Skixxick 


SYNOPSIS — Valve  leakage  ralher  than  increased  cyl- 
inder condensation  is  fhe  cause  of  greater  steam  coti- 
S'umption  at  liglit  loads. 

For  years  the  astrologer's  stone  in  steam  engineering 
has  been  the  "flat-curve"  engine,  i.e.,  au  engine  that 
would  give  the  same  steam  consumption  per  indicated 
horsepower-hour  over  a  wide  range  of  load.  The  profes- 
sion has  become  so  used  to  curves  that  begin  to  mount 
up  or  show  a  "heel"  at  half  load  that  they  have  begun 
to  accept  it  as  tl;e  result  of  a  condition  impossible  of  im- 
provement, and  have  attributed  the  increased  steam  con- 
sumption at  the  light  loads  to  cylinder  condensation.  Au 
attempt  will  be  made  to  prove  that  the  cause  of  the  much 
greater  steam  consumption  at  light  loads  is  not  increased 
cylinder  condensation,  but  merely  valve  leakage. 

Fig.  1  shows  the  economy  obtained  from  a  13.\15-in. 
Skinner  engine,  operating  noncoudensing,  with  a  steam 
pressure  of  104  lb.  gage  at  the  throttle,  the  speed  of  the 
engine  being  268  r.p.m.  Saturated  steam  was  delivered 
at  the  throttle,  having  an  average  moisture  of  2.2  per 
cent,   by  throttling  calorimeter,   which   was   allowed   for 

Indicated   Horsepower 
£      ^  „  30  60  90  120  150 


30 


20 


lis. 


US. 


i^ 


4  % 

Load 


jy- 


114  1^ 

'^•'-"■^ 
Fir;.  ].    TiKsm/rs  vkom  Flat-Cuhvk  I'^xcixic 


in  computing  the  net  steam  consumption.  The  tests 
were  made  by  condensing  the  exhaust  at  atmospheric  pres- 
sure in  a  surface  condenser,  and  weighing  the  condensate. 
Several  tests  were  made  at  the  light  loads  to  check  the 
correctness  of  the  former  tests  and  to  establish  definitely 
the  curve. 

The   valve   was   of  the    Skinner   standard    steam-tight 
type,  and  was  proportioned  tu  obtain  the  desired  results. 


ap 


lead  dui 


i\v 


It  was  not  reset  or  ad.iu.sted  as  t( 
entire  series  of  tests. 

The  curve  is  remarkable  for  its  flatuess,  and  is  unique 
in  steam-engineering  practice  for  any  engine,  whether 
single-valve  or  multiple-valve,  as  it  shows  practically  the 
same  steam  consumption  per  indicated  horsepower-hoai- 
from    y,     to  114    h'iid    niclusivc.     The    usual    textbook 
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theories  of  cylinder  condensation  for  light  loads  seem  to 
be  quite  set  at  nought  by  the  results  of  these  tests. 

Fig.  8  is  reproduced  from  a  widely  read  textbook  on 
steam  engines,  for  the  reason  that  these  curves  are  desig- 
nated in  this  textbook  as  "typical  economy  curves  id' 
high-speed  engines."  The.se  curves  all  show  the  usual 
heel  at  loads  less  than  half. 

Increased  cylinder  condensation,  due  to  early  cutofl's, 
assumes  relatively  little  importance  as  compared  with 
the  steam-tight  valve ;  and  practically  all  tests  to  deter- 
mine the  amount  of  cylinder  condensation  have  been 
liased  upon  the  performance  of  engines  having  leaky 
valves,  whether  these  engines  were  single-valve  or 
multiple-valve. 

The  builders  of  pressure-plate  valve  engines  have  until 
recently  stated  in  their  catalogs  that  there  was  O.OOIi-in. 
clearance  between  the  valve  and  the  housings.  Therefore, 
there  is  an  initial  leakage,   which,   of   course,   increases 
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he  longer  tlie  engine  is  operated.  To  prove  these  state- 
lents.  take  the  guarantees  made  recently  i)y  a  prominent 
ngine  builder  on  a  i)ressure-plate  valve  engine.  This 
ngine  was  of- twice  the  capacity  of  the  engine  that  pru- 
uccd  the  flat  curve.  The  steam  pressure  was  lo  he  i»(i 
(i.,  whereas  tlie  Hal-curve  engine  had  a  steam  pressure 
f  Kit  lb.;  but  the  prcssurc-plate  valve  engine,  being  of 
wice  the  capacity,  had  an  ailvantagc  that  is  not  offset 
y  the  slightly  lower  slcain  pressure.  ']'hcrefore,  the  econ- 
mies  of  the  twd  engines  adniil  of  a  fair  rdUiparison  : 

Lo:k1  1  ;  :  1 


lis  4  27  S  27   I)  -'7,0 

It  may  he  noticed  that  the  .<tcam  consumption  guaranty 
iiadc  for  the  prcssiirc-plalc  valve  engine  is  exactly  10 
icr  cent,  nunv  at  full  luad  than  the  economy  obtained 
y  the  steam-tight  valve  engine.  Now.  the  amount  of 
sakage  through  a  valve  on  an  engine  may  be  regarded 
s  constant  for  all  loads.  As  a  matter  nf  fact,  it  is  some- 
rliat  greater  in  amount  at  light  loads,  on  account  of 
.'ss  steam  seal,  due  to  early  cutoffs,  as  well  as  for  other 
easons  which  need  not  be  discussed  heie.  Hut  for  this 
ase  it  is  favoring  the  pressure-plate  valve  engine  to 
ssume  that  it  is  con.stant  ;  and  the  expimi'iits  of  tliis  ty]ie 
f  valve  cannot  complain  when  it  is  assumed  for  jiur- 
oses  of  demonstration,  that  a  pressure-plate  valve  engine 
f  120  hp.  capacity  at  lu-f  lb.  pressure  (the  same  horse- 
lower  and  pressure  as  for  the  flat-curve  engine)  will 
ive  just  as  good  economy  as  was  guaranteed  for  an  en- 
ine  of  twice  its  capacity  at  90  lb. 

The  pressure-plate  valve  engine  giuiranty  at  full  load 
.•as  29.8  lb.,  or  an  hourly  steam  consumption  of  o.jTO 
).  for  a  120-hp.  engine.  The  flat-curve  engine  at  full 
Dad  of  120  hp.  gave  an  economy  of  27  lb.  per  i.hp.-hr., 
r  an  hourly  consumption  of  32-tO  lb.  The  difference, 
36  lb.,  or  about  10  per  cent,  of  the  amount  of  steam 
u|)plied  to  the  steam-tight  valve  engine,  represents  the 
mount  of  steam  leaking  past  tlie  pressure-plate  valve 
ourly.  Eememberiug  that  the  amount  of  valve  leak- 
ge  is  practically  constant  for  all  loads,  the  processes  in 
^able  1  are  worked  out  to  show  how  this  336  lb.  hourly 
3akage  affects  the  economy  of  the  engine  at  various  loads. 

TABLE  1 
FULL  LOAD 
lb.  X  120  lip.  =  3240  lb.  per  hr.,  no  leakage 


1  for  comparison.  Curve  B  represents  tlie  economy  the 
Hat-curve  engine  would  have  given  if  there  had  been  lis 
per  cent,  initial  valve  leakage  at  fidl  load. 

I'ressure-plate  valves,  like  piston  valves  and  other  types 
of  solid  valves  working  in  holes  of  solid  metal  wear  loose 
instead  of  wearing  tight,  and  the  steam  consumption  in- 
creases instead  of  lessening.  Curve  ('  shows  the  economy 
of  the  pressure-plate  valve  engine  with  its  initial  valve 
leakage  of  10  per  cent,  at  full  load,  and  an  additional 
\alve  leakage  of  10  per  cent.,  due  to  wearing  of  valve 
after  not  more  than  three  months'  operation.  Table  2 
.-JKtws  the  method  of  obtaining  these  amounts: 

TABLE  2 

\'nlvc  with  10  per  nent.  initial  leakage,  and  l(t  per  rent,  future  leakage: 
FULL  LOAD 
2H  S  lb.   X  120  np.  =  .3.'J70  lb.  per  hr. 

:!.J7(i  +  10  per  rent,  leakage  (or  3.57  lb.)   =  3933  lb.  per  hr 
3933  -i-  120  hp.  =  32  7  lb.  per  hp.-hr. 

THREE-QUARTKR  LOAD 

31.3  lb.  X  90  hp.  =  2817  lb.  per  hr. 
2S17  -I-  357  lb.  =  3174  lb.  per  nr. 
3174  -!-  90  hp.  =  35.2  lb.  per  hp.-hr. 

ONE-HALF  LOAD 

33.4  lb.  X  60  hp,  =  2004  lb.  per  hr. 
2004  +  357  lb.  leakage  =  2361  lb.  per  hr. 
2361  -i-  60  np.    =  39 . 3  lb.  per  hp.-hr. 

ONE-QUARTER  LOAD 
39  6  lb.   X  .30  hp.   =  1188  lb.  per  hr. 
1188'+  357  lb.  leakage  =  1545  lb.  per  hr. 
1.54.5  ^  30  hp.   =  51   5  lb.  per  hp.-hr. 

Twenty  ]icr  cent,  or  more  leakage  after  an  engine  has 
been  in  ojieration  only  three  months  scarcely  seems 
credible,  but  a  number  of  tests  to  prove  this  point  might 
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THREE-QUARTER  LOAD 
r.65  lb.  X  90  hp.  =  2488  lb.  per  hr.,  no  leakage. 
188  -I-  336  lb.  leakage  =  2824  lb.  per  Dr..  witn  leakage. 
S24  +  90  hp.   =313  lb.  per  hp.-hr. 

ONE-HALF  LOAD 
f.S4  lb.  X  60  hp.   =  1670  lb.  per  hr.,  no  leakage. 
)70  +  336  lb.  leakage  =  2006  lb.  per  hr.,  with  leakage. 
)00  +  60  hp.  =33.4  lb.  per  hp.-nr. 

ONE-QUARTER  LOAD 
S.46  lb.  X  30  hp.  =  853.8  lb.  per  hr.,  no  leakage. 
>3.S  +  336  lb.  leakage  =  1189.8  lb.  per  hr.,  with  leakage. 
189.8  H-  30  hp.  =39.6  lb.  per  hp.-hr. 

Compare,  now,  the  flat-curve  engine  economies  with 
0  per  cent,  valve  leakage  added,  as  above  determined, 
itli  the  guaranteed  economies  of  the  pressure-plate  valve 
iigine.      The   rates  are   almost    identical. 

Loads  i  5  1  1 

ressure-plate  valve  guaranty 40.9         33.2         30  2         29  8 

lat-curve  engine  with  10  per  cent,  leakage.         39.6         33.4         31.3         29.8 

This  comparison  tends  to  show  that  valve  leakage,  not 
icreased  cylinder  condensation,  is  responsilile  for  the 
igh  steam  consumptions  at  under  loads. 

Curve  A.  Fig.  3,  is  the  flat  curve,  reproduced  from  Fig. 


be  cited:  In  Eiughamtou,  X.  Y.,  a  10.\12-in.  pressure- 
plate  valve  engine  was  replaced  on  the  coal-saving  ba.sis 
by  a  steam-tight  valve  engine.  The  builders  of  the  pres- 
sure-plate valve  engine  were  allowed  to  place  this  valve 
in  the  most  economical  condition  possible  about  three 
months  before  the  competitive  test  was  made. 

Both  engines  were  tested  out  under  identically  the 
same  conditions,  namely:  100  lb.  steam  by  gage  at  the 
throttle,  1  lb.  back  pressure  above  atmosphere,  and  at 
82  per  cent.  load. 

The  pressure-plate  valve  engine  showed  a  steam  ccjii- 
sumption  of  36.4  lb.  per  i.hp.-hr.,  and  the  steam-tight 
valve  engine  28.3  lb.,  a  saving  of  8.1  lb.  per  i.hp.-hr.  The 
valve  leakage  amounted  to  27.5  per  cent,  at  this  load, 
which  is  equivalent  to  22.2  per  cent,  at  the  full  rated  load 
of  the  engine. 

The  steam  consumption  per  hour  of  the  pressure-plate 
valve  engine  was  1894  lb.,  while  that  of  the  steam-tight 
\alve  engine  was  148.5  lb.,  or  a  leakage  of  409  lb.  per  hr., 
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irrespeelivo  of  the  load  on  Ui''  cii^'iiK-.  Adding  tlut<  409 
llj.  steiun  leakage  per  hour  to  the  actual  hourly  consump- 
tion of  the  steam-tight  valve  engine  (remembering  that 
this  particular  engine  showed  0.7  ih.  more  steam  per  indi- 
cated horsepower  per  hour  than  the  flat-curve  engine) 
gives  curve  D,  Fig.  3.  In  checking  this  curve,  the  fact 
must  be  borne  in  mind  that  tlie  full-load  rating  of  the 
mnghamton  engine  was  66  i.hp.,  instead  of  120  i.hp., 
«hich  was  the  full-load  rating  of  the  flat-curve  engine. 

As  a  proof  that  oG.i  lb.  per  i.hp.-hr.  is  not  unusual  for 
a  pressure-plate  valve  engine,  one  more  test  on  an  en- 
gine of  the  same  size  and  make  as  the  Binghamton  en- 
gine that  had  been  in  operation  only  three  months,  will 
be  cited.  This  10xl2-in.  pressure-plate  \al\('  engine 
f-howed  a  steam  consum])ti(iii  ol'  .'("I.S  lb.  pn-  i.hp.-hr.  at 
full  load.  The  engine  operated  under  a  steam  pressure 
of  l.'io  lb.,  which  would  tend  to  prose  ilial  tlie  gi-eater  the 
]iressure  the  greater  the  leakage  ])asi  a  linhiiiced  \al\i'. 

As  a  further  proof  that  cylinder  condensation  does  not 


increase  enough  to  alfect  the  economy  of  an  en-gine,  down 
to  one-quarter  load,  tests  might  be  cited  that  the  author 
has  made  with  superheated  steam  on  steam-tight  valve 
engines.  The  curve  with  superheat  exactly  parallels  the 
curve  with  saturated  steam,  from  full  load  to  one-quarter 
load,  showing  that  all  that  has  been  accomplished  by  ihe 
introduction  of  sui)erheat  has  been  to  lessen  the  inilial 
cylinder  condensation  which  takes  place  to  a  greater  or 
less  extent  in  every  engine,  depending  somewhat  on  I  In' 
arrangement  of  \alves. 

Cylinder  conden.sation,  to  wlmh  luis  been  attribuicd 
the  poor  economy  of  engines  at  early  cutolfs,  should  iiol 
lie  confused  with  initial  (vlinder  condensation,  which 
must  iici-ur  wiih  any  engine  using  saturated  steam.  The 
former  i-oiidensal  ion  is  not  peiveptililc  at  loads  less  than 
one-quartei-,  and  with  an  initial  sleam  ])ressure  of  lnO 
lb.  To  val\('  leakage  not  to  increased  cylinder  condensa- 
tion, should  bo  charged  the  inefficiency  of  steam  engines 
no(    em]il<iying   steam-tight    \alves. 


Economy  of  Compression  in  Steam  Engines 


iiv   i!i)ni:i;i 

SY.XOPSIS—riiP  roiicliisioii  from  llii'sc  fesis,  CD.uidilrd 
lit  the  Kan><a-s  Stii'c  I' iitvi'rsil ij.  /'.•■;  that  compression  up 
III  about  Jf-j  per  ceiil.  of  the  inilial  ahsoliiie,  sleam  pres- 
sure is  advantageous.  Abore  litis  point  the  economy  de- 
creases, the  rate  of  decrease  beiiuj  more  pronounced  at 
light  loads. 

Laboratory  work  on  the  economy  of  compression  in  tlio 
steam  engine,  so  far  as  the  author  knows,  has  been  done 
by  oidy  two  men — the  late  Professor  Dwelshauvers-Dery, 
of  Liege,  Brussels,  and  I'rof.  R.  ('.  Cai'penter,  of  Sildey 
College. 

Professor  Dwelshauvers-Dery,  in  1875,  carried  on  a 
series  of  experiments  on  an  engine  approximately  11. Sx 
23.6  in.  (See  Power,  Jime  28,  1910.)  Runs  were  made 
with  compression  varying  from  0  to  40  per  cent.  Two 
series  of  tests  w'ere  made:  one  at  45  r.p.m.  and  the  other 
at  60  r.p.m.  The  results  of  these  tests  showed  increas- 
ing steam  consumption   with   increasing  compression. 

A  few  years  ago,  Prof.  R.  C.  Carpenter  conducted  a 
series  of  tests  at  Sibley  College  on  the  high-pressure  cyl- 
inder of  a  triple-expansion  engine.  (See  Powhr,  Jan. 
24,  1911.)  Compression  was  cairied  I'l-oni  42.8  to  87.2. 
per  cent,  of  the  initial  pressure.  These  tests  likewise 
showed  increasing  steam  consumption  with  increasing 
compression. 

In  tlie  spring  of  1911  a  sei'ies  of  tests  were  made  at 
the  mechanical  laboratories  of  llie  Kansas  State  Uni- 
versity, investigating  the  e<-ononiy  nf  (•omi)ression  in  the 
steam-engine  cylinder  wdiich  yicl(le(l  results  that  throw 
additional  liglit  on  the  subject  of  compression.  These 
tests  were  made  by  Ray  L.  Bartlett  and  Robert  R.  Fisher, 
senior  engineers,  for  their  graduating  thesis. 

Ari'AK.rrrs 

The  tests  were  made  on  the  high-pressure  cylinder  of  a 
compound  Corliss,  10  and  24  by  30-in.  engine,  designed 
and  built  by  the  H.  N".  Strait  Mfg.  Co.,  of  Kansas  City, 
belted  to  a  three-'«nre,  direct-current  generator  rated  at 


li.    FiSllKl! 

55  kw.  .Vs  the  low-pressure  side  was  disconnected,  the 
tests  can  be  ronsidered  as  made  on  a  simple  iioiiccjii- 
densing  Corliss.  The  engine  was  designed  for  200  lb. 
steam  pressure  and  ran  from  50  to  125  r.]).m.  The  inlet 
valves  were  single  ported  ami  the  exhaust  \alves  double 
ported.  The  governor  was  of  the  llyball,  center-weight 
ty]ie.  and  the  engine  was  provided  with  doulile  eccentrics 
for  liotli  cylinders. 

MaxNHR   of   CoNDirCTIXf!   TiCSTS 

Before  performing  the  tests  the  clearance  was  accurate- 
ly determined  by  filling  the  clearance  space  with  water 
and  an  investigation  made  to  determine  whether  or  not 
the  valves  and  piston  head  were  tight.  It  was  found  Ihat 
the  clearance,  head  end,  amounted  to  6.1  S  per  cent,  of  the 
cylinder  volume  and  at  the  crank  end,  7.32  per  cent.,  or 
an  average  of  6.75  per  cent.  Preliniiiiaiy  investigatioii 
showed  that  the  piston  was  tight  for  the  full  length  of 
stroke  and  that  tliere  was  a  small  amount  of  leakage  past 
both  the  steam  and  the  exhaust  valves,  that  past  the  ex- 
haust valves  being  the  greater. 

The  load  was  maintained  by  means  of  a  water  rheostat. 
Eleven  runs  of  one  hour  each  were  made,  with  four  set- 
tings on  the  exhaust  valve  to  give  four  compression 
values,  ranging  from  21  \n  92.1  per  cent,  of  admission 
pressure.  Runs  were  made  at  three  different  cutoffs  for 
each  compression.  The  engine  would  not  carry  full  load 
with  compression  to  initial  pressure. 

The  condensate  was  weighed  every  half  hour  and  indi- 
cator diagrams  were  taken  every  10  nn'n.  The  load  was 
maintained  constant  during  each  run.  The  initial  ]u-es- 
snre  at  the  engine  was  maintained  cmisfant  at  115  lb. 
gage.  A  steam  sejiarator  in  the  line  just  above  the  engine 
delivered  sfi'am  td  the  engine  al  an  a\('rage  quality  of 
0.99. 

Tin:oiii:Tic.\L  Ci)xsidkr.\tioxs 
Theoretically  tbei-e  are  lliree   poiiits   in  favor  of  com- 
pression : 

1.     Com]iression   serves  as   a   cushion   for  the   moving 
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lit*  and  doos  away  with  llio  slKH-k  of  the  cntoriiiir  sli'aiu 
:  admission. 

'3.  It  causes  tho  ivliiuior  to  l>o  lioatod  up  and  thus  vc- 
iiees  the  initial  londonsatiou. 

3.  By  lilling  the  ilearaiu-e  sjvuv  with  exhaust  steam, 
le  amount  of  live  steam  entering  the  eylinder  is  iv- 
iieed. 

A  series  of  ealeuhitions  were  made  to  find  tlie  thoo- 
•tieal  steam  eonsumption  of  the  engine  on  which  the 
sts  were  to  he  made,  at  four  different  cutoffs  with  four 
ifferent  eoinpressioiis  at  each  cutoff.  In  these  calcuhi- 
ons  it  is  assumed  tliat  tlie  ex|iansion  of  steam  is  accord- 
ig  to  tlie  equilateral  hyherhola.  for  which  the  equation  is 
i"  =  Voii.-'liuit.  and  tiiat  there  is  no  interchange  of  heat 
^tween  the  steam  and  cylinder  walls. 

The  results  of  these  calculations  are  shown  in  the 
irves.  Fig.  1.  These  show  a  decreasing  steam  cousump- 
011  with  increasing  comjiression  up  to  the  point  where 
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le  steam  is  eomj>ressed  througli  a  greater  range  than  it 
expanded. 

Resilts  of  Te.<;ts 

The  results  of  the  tests  are  shown  graphically  in  Fig. 
.  as  corrected  for  steam  quality  and  indicator-spring  er- 
)r.  The  four  sample  cards  in  Fig.  3  show  the  steps  by 
hieh  compression  was  increased. 

AVith  a  load  of  about  11  kw.,  the  steam  consumption 
Fig.  'i)  varied  within  wide  limits  lacing  abnormally  high 
>r  both  no  compression  and  full  i-onipression.  With  a 
lad  of  "28.5  kw.  the  curve,  while  following  the  same  gen- 
•jil  direction,  does  not  vary  in-such  a  pronounc-ed  inan- 
L^r,  while  the  curve  for  44  kw.  i?  very  much  flatter. 

The  reasons  for  the  gradual  flattening  of  these  curves, 
idicatiug  that  the  effects  of  cxtmpression  become  smaller 
'latively  as  the  load  increa.^es.  may  Iv  seen  by  a  con- 
deration  of  the  following  points: 

As  the  clearam^  volume  is  partly  filled  by  compression 
earn  and  thus  is  partially  nullified  in  effect,  the  steam 
nisuniption  decreases  until   a  }x>int  is  reached  where 


three  other  intiucnces  overcome  the  good  effects  of  tilling 
the  clearance  volume  with  steam  at  increased  pressure. 
These  are: 

1.     Condensation  of  the  entrapped  steam. 

This  process  of  using  work  from  the  flywheel  to  im- 

44-r 
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part  heat  to  the  cylinder  walls  is  one  of  low  eniciency 
compared  to  the  process  of  using  the  heat  from  initial 
c>oudensation. 

2.  Leakage  past  the  valves  which  is  greater  with  in- 
creased pressure. 

3.  The  compression  of  steam  through  a  range  ap- 
proximating or  greater  than  that  through  which  it  is  ex- 
panded .<o  that  a  part  of  the  work  done  by  the  piston  on 
the  steam  may  be  actually  thrown  away. 

These  three  factors  cau.<e  a  rising  .<team  consumption 
from  this  point  because,  while  almost  entirely  absent  at 
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Fig.  3.  Typical  Piagi!ams 

low  compression,  they  become  accentuated  at  high  com- 
pression. When  compression  is  carried  only  high  enough 
so  that  condensation  is  moderate  and  compression  is  not 
used  in  any  considerable  degree  as  a  means  of  heating  up 
the  cylinder  walls,  its  action  is  highly  beneficial  in  re- 
ducing the  clearance  volume  by  filling  it  with  exhaust 
steam.  But  Professor  Dwelschauvers-Dery  has  shown  that 
the  use  of  compression  as  a  means  of  reducing  initial  con- 
densation results  onlv  in  a  loss  of  economv. 
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It  mav  be  noted  here  that  the  results  of  the  tests  made 
by  Professor  Carpenter  in  shoiring  iucreasing  steam  con- 
sumption as  the  compression  pressure  was  varied  from 
42.8  to  ST.2  per  cent,  of  the  initial  pressure,  c-onfirm  the 
present  results  which  show  increasing  steam  consump- 
tion between  these  same  limits.  The  tests  made  bv  Pro- 
fessor Carpenter  are  inc-omplete  in  not  showing  the  effect 
on  steam  consumption  of  compression  lower  than  42  per 
cent. 

The  curves  in  Fig.  "2  show  also  that  clearance  is  detri- 
mental to  engine  ec-onomv,  for  as  the  load  on  the  engine 
is  increased  and  the  effect  of  the  loss,  due  to  clearance,  be- 
comes a  smaller  percentage  of  the  steam  consumption,  the 
engine  shows  increased  economy. 

It  may  be  argued  that  the  c-ause  of  increasing  steam 

.,,....,.,-;,,  „  iri,  in-  reasir.s-  :«>!r.r>re*sion  lies  in  the  de- 


sign  of  the  exhaust  valves  which,  not  being  designed  for 
high  c-ompression,  do  not  release  as  quickly  as  they  should 
In  reply  to  this  criticism  it  may  be  said  that  it  does  not 
apply  to  the.nms  made  with  compression  below  normal. 
In  order  to  see  what  effect  this  factor  has  at  high  c-om- 
pr«¥ion  the  work  represented  by  the  area  which  would 
have  been  included  had  the  back-presstire  line  been  hori- 
zoutal  up  to  the  beginning  of  compression,  was  calculated 
from  a  number  of  iudic-ator  diagrams  and  credited  to  the 
engine  with  the  following  results: 

Recalculating  the  steam  consumption  for  the  load  of 
2S.9  kw.,  which  is  the  only  load  at  which  the  back-pres- 
snre  line  is  nolic-eably  abnormal,  and  crediting  the  enginr? 
with  the  work  represented  by  the  area  above  indicated. 
reduced  the  steam  c-onsumption  for  this  compression  from 
32.8-5  lb.  to  SO.M  lb.  per  iJip.-hr.  But  this  still  leavt; 
the  steam  consumption  1.58  lb.  above  that  for  6"2.6  per 
cent,  compression. 

It  may  be  further  noted  that  the  inability  of  the  es- 
banst  valves  to  "Quickly  release  at  very  high  compression 
is  another  point  against  high  compression. 

COXCLCSIOXS 

The  tests  show  that  for  a  lte3t)-in.  noncondeusing 
Corliss  with  about  »  per  cent,  clearance  and  running  at 
112  r.p.m.,  compression  to  aboat  4-5  per  cent,  of  the  initial 
al»olnte  pressure  gives  the  highest  steam  economy.  The 
exact  c-ompression,  which  should  be  c-arried  by  engines 
of  different  design  running  at  different  piston  speeds,  can- 
not be  stated  tmreservedly.  but  it  would  seem  that  some 
degree  of  c-ompression  approximating  45  per  i;t?nt.  of  the 
absolute  initial  pressure  is  economical  for  the  majority 
of  engines. 


In  estimating  the  value  of  these  results,  weight  musi 
be  given  to  the  fact  that  these  tests  were  made  on  a  com- 
mercial engine  running  under  ordinarv'  conditions  and 
not  on  an  engine  especially  designed  for  laboratory  work 
and  tested  under  abuormai  conditions. 

WTiile  leakage  past  the  valves  existed  in  a  moderate 
degree,  particularly  past  the  exhaust  valves,  this  amoimted 
to  no  more  than  would  be  expecte<l  in  all  ordinarj-  engines 
of  standard  design.  Engineers  may  feel  assured,  there- 
fore, that  in  adjusting  their  exhaust  valves  to  give  suffi- 
cient cushion  steam  to  insure  smoothest  operation  they 
are  not  sacrificing  amirhing  in  steam  economy  but  prob- 
ably are  adjusting  for  a  c-ondition  that  will  give  approxi- 
mately the  best  results.. 


The  Wheeler  Turbo  Air  Pump 

A  oeutritugal  pump,  ■lischargmg  into  au  ejector,  will 
remove  air  and  vapors  from  a  condenser  and  will  main- 
tain a  high  vacuum,  provided  sufficient  water  at  a  high 
enough  head  is  discharged  into  the  ejector.  But  the  air- 
entraining  capacity  of  aa  ejector  is  limited  so  that  suett 
an  air-removing  apparatus  would  Ije  costly  and  wasteful 
of  power  and  would  be  unable  to  meet  overloads  due  to 
excessive  air  leakage.  A  method  of  increasing  air-hand- 
ling capacity  is  to  catise  tlie  water  to  discharge  intermit- 
tently into  the  ejector  nozzle  so  that  it  entraps  air  between 
successive  discharges,  as  well  as  entraining  it  on  its  sur- 
face. A  pump  constructed  on  this  principle  has  recently 
come  into  use  in  both  this  country  and  abroad. 


Fiii.  1.   W'm-iEU:.!:  TuiLBu  Alii  Puiip 

The  Wheeler  tarbo  air  pump  has  been  developed  along 
somewhat  different  lines.  This  pump  is  based  on  the  de- 
signs of  the  German  pump  built  by  the  Allgemeine 
Elektricitats  Gesellschaft  and  is  manufactured  by  the 
Wheeler  Condenser  &  Engineering  Co.,  Carteret,  'S.  J. 
An  apparent  differenc-e  in  design  is  the  entire  absence  of 
the  external  ejector  nozzle. 

In  general  appearance  the  air  pump.  Fig.  1,  is  similai 
to  a  centrifugal  ptimp.  It  is  driven  at  high  speed  by 
either  a  motor  or  turbine.  The  pump  shown  diagram- 
matic-ally in  Fig.  2  consists  of  a  small  high-speed  impeller 
with  a  large  number  of  ports  or  nozzles  on  its  periphery ; 
secondly,  a  ring  of  tapered  compression  channels,  and. 


162 


row  E  R 


Y(.l.  3s.  X, 


liird.  a  discharge  casiuj;  or  volute  (not  sliowii).  irurliiiij 
)r  throwing  water  enlcrs  the  eye  of  the  impeller  as  in  an 
irdinary  side-suption  centrifugal  pump  and  ii<  impelled  at 
ligh  velocity  through  the  ports  in  the  impeller  which  ro- 
;ates  in  the  opjiosite  direction  to  the   im]ieller  of  a  cen- 
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rifugal  ]uinip.  Air  is  admitted  ai-miud  ihe  entire 
lierijihery  of  the  impeller  and  is  drawn  into  the  entrance 
jf  the  tapered  compressor  channels  hy  the  aspirating  ef- 
fect of  the  rapidly  discharged  water.  As  the  slugs  of 
ft'ater  move  outward  they  become  elongated,  owing  to  the 
tapering  of  the  channels,  the  space  between  slugs  decreases 
and  the  air  entrapped  is  compressed.  The  mixture  of 
iiir  and  water  is  discharged  from  the  tapered  channels 
into  a  volute  casing,  somewhat  similar  to  that  of  a  cen- 
trifugal pump,  and  is  finally  discharged  through  a  suit- 
able outlet  nozzle. 

These  pumps  are  used  fur  both  jet  and  surface  con- 
densers. For  tlie  latter  service,  the  turbo  air  pump  is  fre- 
quently combined  within  a  common  casing  with  the  con- 
densate pum]\  In  Fig.  ,'5  is  illustrated  a  combined  pump 
of  this  type.  Air  and  coiulensate  are  withdrawn  from  the 
surface  condenser  through  a  common  pipe,  flowing  to  a 
common  suction  nozzie  on  the  jjump.     dtist   within  the 


Ft(i.  ;i.    Cuoss-Skctiox  thkough  Tui;bo  Aik  Puiip 

nozzle  is  a  partition  wdiicli  separates  the  air  and  water, 
the  latter  flowing  by  graviiy  to  tlie  eye  of  the  condensate 
impeller,  which  is  of  the  ordinary  centrifugal  pump  de- 
sign, while  the  air  and  gases  flow  over  the  partition  wall, 
direct  to  the  annular  air  inlet  surrounding  the  hurling 
water  impeller  of  the  air  pump.  Within  the  single  cast- 
ing two  volutes  are  formed,  one  for  condensate,  the  other 
for  hurling  water  and  air,  so  that  as  far  as  operation  is 
C'oncerned,  tlie  two  pum))s  are  entirely  independent.  How- 
ever, a  distinct  saving  results,  because  the  amount  of 
piping  between  the  condenser  and  the  pump  is  reduced 


and  simplified,  the  space  ordinarily  required  by  the  two 
]iumps  for  air  and  condensate  is  greatly  reduced,  and  both 
puni])s  are  driven  on  a  single  shaft  by  a  common  turbine, 
thus  saving  power. 

I'umps  of  this  type  will  mainlain  a  vacuum  of  98-9!) 
per  cent,  of  theoretical,  that  is  within  a  ^■e^y  small  frac- 
tion of  an  inch  of  the  vacuum  corresponding  to  the  tem- 
perature of  the  hurling  or  throwing  water.  This  is  not 
only  true  for  low  temperatures  of  water  from  32  to  60 
deg.,  but  also  for  hurling  water  at  temperatures  of  70, 
so,  90  deg.,  and  higher,  as  encountered  in  the  summer 
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months  and  in  cooling-lower  work.  The  curve  of  Fig.  I 
shows  the  air  capacity  in  cubic  feet  of  free  air  at  70  dcL'. 
F.,  plotted  against  the  inches  of  absolute  pressure  nuiiii 
tained  by  a  recent  pump.  The  hurling  or  throwing-watii 
temperature  was  78  deg.  F.,  which  corresponds  to  a  vac- 
uum pressure  of  0.96  in.  of  mercury,  which  is  to  be  com 
I)ai-ed  with  the  maximum  vacuum  obtained  by  the  pumj 
of  1.1  in.  absolute  pressure. 

-Vn  important  characteristic  of  this  pump  as  demmi 
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.«trated  by  this  curve  is  the  large  free  air-handling  capac- 
ity and  its  ability  to  withstand  overloads.  This  follows 
from  the  fact  that  there  is  a  positive  aspirating  effect  at 
the  entrance  of  the  numerous  tapered  compression  chan- 
nels, into  which  air  must  be  draw'n  so  long  as  the  im- 
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pelk'i-  riiiati's  miuI  discharges  water.  Accordingly  it  i^ 
loiiiid  tliat  an  increase  in  load  or  the  cubic  feet  of  tree 
air  handled,  does  not  cause  failure  ul'  the  innnji,  but  sini- 
jily  a  fall  in  vacuum  not  unsiniilar  tu  the  characteristic 
of  a  displacement-type  pump.  The  operating  importance 
of  this  point  is  that  if  the  air  leakage  on  a  condenser  be 
iiici'eased  at  any  time,  due,  for  instance,  to  failure  of  the 
turbine  seals,  the  pump  will  not  refuse  to  handle  the 
added  load  with  a  resulting  break  in  the  vacuum,  but 
will  maintain  a  moderate  vacuum  until  the  air-leakage 
trouble  has  been  corrected.  A  too  common  experience 
with  ejector  air  pumps  is  a  failure  of  the  vacuum  because 
of  a  transient  increase  in  air  leakage. 

In  Fig.  5  is  shown  the  relation  between  vacuum  main- 
tained by  a  surface  condenser  equipped  with  a  turbo  air 
pump  of  this  type  and  ilie  amount  of  condenser  circulat- 
ing water  in  gallons  per  minute.  The  vacuum  maintained 
and  outlet  circulating-water  temperatures  are  given  for  a 
number  of  points  on  the  chart;  for  instance,  with  -1400 
gal.  of  water  per  min.,  the  vacuum  maintained  was  29.13 
in.,  with  the  outlet  cooling  water  at  70  deg.,  which  corre- 
sponds to  a  ma.ximum  theoretical  vacuum  of  29.30  in.; 
that  is,  0.17  in.  higher  than  the  actual  vacuum  main- 
tained. Similarly  with  1720  gal.  of  water  per  min.  the 
vacnuni  maintained  was  28  in.  and  the  outlet  cooling- 
water  temperature  98.6  deg.,  corresponding  to  a  maxi- 
mum theoretical  vacuum  of  28.11  in. 

Besides  indicating  the  excellent  jicrfornuuice  of  turbo 
air  pumps  of  this  design  in  connection  with  surface  con- 
densers, this  chart  is  of  additional  interest  in  that  it 
shows  the  increase  in  cooling  water  necessary  to  obtain 
very  high  vacuum.  The  temperature  of  the  inlet  cooling 
water  was  about  50  deg.  To  maintain  a  29.1-in.  vacuum, 
it  was  necessary  to  use  almost  four  times  as  niucb  water 
for  a  26-in.  vacuum  and  Si/o  times  as  much  water  than 
for  a  28-in.  vacuum. 


Power  for  Pumping  Derived  from 
Refuse* 

Those  who  have  lujt  f(ill(i\\c(l  the  iiinii'  recent  develop- 
ments in  the  disposal  ol'  city  refuse,  will  be  somewhat 
sur])rised  to  learn  that  in  a  nundx-'r  tjf  places  part,  if 
nut  all,  of  the  steam  used  in  driving  steam  pumps  at 
M'ater-works  pum[iing  stations  is  derived  from  burning 
waste  material.  As  a  result  of  the  development  in  the 
incinerator  method  of  disposing  of  mixed  refuse  in  Eng- 
land and  in  continental  cities,  several  plants  have  been 
installed  in  this  country  and,  in  all  probability,  the  older 
and  less  sanitary  methods  hitherto  in  \dgue  will  gradual- 
ly give  way  to  this  more  modern  nu'thod.  pai'tirularly 
as  our  cities  increase  in  size. 

Having  produced  the  effect  of  destroying  refuse  in  a 
sanitary  and  inoffensive  manner,  the  question  of  how  best 
to  utilize  this  heat  is  answered  by  combining  a  steam 
boiler  with  the  furnace  and  producing  steam  at  any  de- 
sired pressure.  Steam  so  ^^roduced  is  available  for  run- 
ning engines  to  produce  electricity  but,  as  a  rule,  the 
amount  which  could  be  produced  is  but  a  small  propor- 
tion of  the  total  amount  consumed  by  the  community : 
also,  the  operation  of  the  destructor  does  not  lend  itself 

•Prom  a  paper  by  E.  H.  Foster  before  tile  American  Wa- 
ter-Works Association,  at  Minneapolis.  Minn..  .Tune  23-2S, 
1913. 


lo  Ihe  requirements  of  peak  loads  which  ai'c  inciih  in  lo 
all  lighting  and  power  stations.  A  pumping  load,  how- 
ever, is  ideal  for  a  destructor  because  of  its  uniforinity 
and  constancy,  and  it  is  in  this  direction  that  a  municipal- 
ity has  its  greatest  o])j>(U'tuiiity  for  conserving  this  en- 
ergy. 

Jt  would  hardly  be  expected  that  the  exact  amount  of 
steam  available  from  the  destructor  would  coincide  with 
the  exact  amount  of  steam  required  at  the  pumping  sta- 
tion, but  the  almost  invariable  condition  is  that  the 
destructor  sleam  is  somewhat  less  than  required  by  [\\r 
puin])s.  Therefore,  the  difference  is  made  up  bv  auxiliai\ 
boilers. 

The  steam  may  be  passed  direct  from  the  destructor 
to  the  steam  range  of  the  pumping  station  or  converted 
into  electricity  and  used  to  dri\e  motor-driven  pumps. 
Instances  where  steam  from  a  destructor  is  used  directly 
for  driving  pumps  are  found  at  Montgomery,  Ala.  ;■  West- 
mount,  near  Montreal,  Ontario,  Canada,  and  Savannah, 
Ga.,  while  instances  where  the  power  is  first  converted 
into  electricity  and  the  current  used  to  drive  motor-driven 
|nim]is  to  furnish  the  water  are  found  at  Milwaukee, 
Wis.,  and  Saxaniiah,  ( Ja. 


Peat  Powder  as   Fuel 

The  annoiinienieiit  that  lljalmar  von  Porat,  a.  Swedish 
engineer,  hail  perfected  a  process  for  utilizing  peat  powder 
as  fuel  for  locomotives  has  awakened  interest  in  the  pos- 
sibility of  developing  the  extensive  peat  bogs  of  Sweden 
for  this  purpose. 

The  powder  is  manufactured  by  the  Ekelund  process. 
Jt  does  not  appear  that  this  process  has  made  much  head- 
way as  yet,  but  it  is  now  predicted  that  in  connection 
with  the  discovery  of  Mr.  von  Porat,  the  use  of  peat 
powdci'  will  in  lime  become  extensive. 

Tn  the  von  Porat  system  the  peat  powder  is  fed  by  an 
automatic  device  into  the  furnace  of  the  locomotive, 
which  is  specially  arranged  to  consume  it.  According  to 
Mr.  von  Porat,  the  results  obtained  with  peat  powder  may 
be  summed  up  as  follows : 

Substantially  the  same  results  can  be  had  from  IV2  tons 
of  peat  powder  that  1  ton  of  coal  will  produce.  I'eat  powdei" 
may  be  burned  with  an  admixture  of  about  5  per  cent,  of 
coal.  As  to  firing  with  peat  powder,  the  work  is  almost  noth- 
ing in  comparison  with  firing  with  coal,  because  the  powder  is 
forced  into  the  furnace  by  automatic  process.  No  change  had 
to  be  made  in  the  boiler  and  none  in  the  fire  box,  except  in- 
stalling the  special  apparatus.  There  is  no  difficulty  in  bring- 
ing the  powder  from  the  tender  to  the  fire  box.  as  it  passes 
through  a  conveyance  pipe.  Another  advantage  in  using 
peat  powder  is  that  no  cold  air  can  get  into  the  fire  box  and 
neither   smoke   nor   sparks    escape   from    the    smokestack. 

As  a  result  of  von  Porat's  invention,  it  is  reported  that 
a  number  of  the  Swedish  railways  are  preparing  to  use 
peat  powder  instead  of  coal. 


It  is  reported  that  a  compressor  whicli  has  been  running' 
at  the  power  house  of  the  Nevada  Consolidated  Copper  Co., 
24  hr.  per  day  for  the  last  five  years  is  compressing  Ifi.OOU.- 
000  cu.ft.  of  free  air  per  gallon  of  lubricating  oil  and  without 
bad  effects  on  the  machine.  This  is  an  excellent  record  and  i.i 
worth  looking-  into  a  little.  A  compressor  with  an  intake 
cylinder  24  in.  in  diameter,  which  is  quite  a  common  size,  and 
a  piston  speed  of  400  ft.  per  min.,  will  compress,  say,  1200 
cu.ft.  of  free  air  per  minute,  or  1.728,000  cu.ft.  per  24  hr. 
Then  the  oil  used  per  day.  at  the  rate  of  consumption  given 
above,  would  be  only  O.IOS  gal.  or  less  than  a  pint  for  the 
24    hr. — "Compressed    Air    Magazine." 
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Motor  Drive  for  a  28-in.  Valve 

li'i   .Ia.mks  1?.  Ali.i:,\ 

Some  time  ago  the  writer  designed  a  motor  drive  for  a 
•?8-in.  exhaust  valve  which  proved  very  satisfactory.  Tlie 
turbine  was  situated  on  the  gallery  floor  of  the  power 
house  and  exhausted  through  a  28-in.  crane  valve  to  a 
jet  condenser  which    rested   on  the   basement   floor   and 


Handlefobe 
used  only  when 
moforis  out  of  order, 
Must  be  off  when 
not'inuse 


All  eld  vJ-h])..  direct-current  ninior  was  found  and  set 
on  the  base,  sliding  in  ways  on  the  bedplate.  An  electric 
brake  was  also  connected  to  the  motor  shaft  and  fast- 
ened to  the  l)ase  so  that  when  tlic  lurrcnt  was  thrown  nil 
the  motor  it  would  stop  instantly. 

The  yoke  casting,  carrying  the  bevel  gear  and  sprocket - 
])iuion  shaft,  was  fastened  to  the  bedplate  and  tipped  tn 
suit  the  angle  of  the  valve.  The  yoke  casting  of  the 
machine  and  the  3'oke  of  the  valve  .spindle  were  tied  to- 
gether with  forked  rods  and  adjusted  to  place  with  ;i 
turnbuckle,  but  permitted  vertical  play. 

In  case  the  electric  power  gave  out  or  anything  iiap- 
pened  to  the  motor,  the  latter  could  be  slid  back  by  the 
lever,  disengaging  the  pinion  from  the  gear,  so  that  the 
bevel  gear  and  sprocket-pinion  shaft  could  be  operated 
by  a  crank  by  hand.  The  bevel  gear  and  sprocket-pinion 
shaft  were  threaded  between  the  bearings,  so  that  a  nut 
traveled  up  or  down  as  the  shaft  turned.  The  nut  was 
])reventcd  from  turning  around  by  a  rod  passing  tlirougli 
it  parallel  to  the  shaft.  The  nut  was  provided  with  ml- 
justable  setscrews  to  operate  the  limit  switches  placed 
on  the  upper  and  lower  parts  of  the  shaft  yoke. 


I'lax  .\xd  Elevation  of  Motor  Drive  for  Yalve 


stoiid  ii|i  in  the  ()]ieiiing  between  the  galleries.  The  ex- 
haust-valve stem  came  up  just  outside  the  gallery  floor 
and  tipped  one  hole  to  clear  the  side  of  the  condenser  so 
that  to  operate  the  valve  a  man  had  to  lean  over  the  gal- 
lery railing  and  turn  the  valve  071/2  times  to  open  or 
close  it,  which  took  too  much  time  and  labor. 

Because  of  the  elevation  of  the  gallery  floor  and  the 
variation  of  the  center  line  of  the  '28-in.  exhaust  valve, 
when  the  condenser  was  filled  with  water  a  chain  and 
sprocket  drive,  which  permitted  flexibility,  was  used.  The 
device  was  set  opposite  the  valve  close  to  the  edge  of  the 
gallery  floor. 


The  limit  switches  were  set  so  that  the  current  would 
be  shut  off  just  before  the  valve  seated  itself  or  was  fully 
opened.  The  switches  were  provided  with  carbons  to 
draw  the  arc  so  as  not  to  burn  them.  The  upper  and 
lower  hinged  parts  of  the  limit  switches  were  connected 
l)y  rods  and  a  tension  spring  so  that  they  were  always 
held  on  their  contact  bars  unless  lifted  by  the  traveling 
nut  and  the  contact  broken,  thus  stopping  the  motor. 

A  cutout  switch  connected  before  the  motor  with  its 
terminals  fastened  to  the  lever  sector  and  a  contact  bar 
on  the  lever,  prevented  the  motor  destroying  itself  if  it 
was  disengaged  from  the  bevel  gear  and  the  current  was 
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^ideiitally  tlirowii  on.  A  s])r(ick(.'t  wlieel  was  fitted  to 
e  mit  oil  tlie  valvo  spiiidlu  in  place  of  tlie  haiidwheel 
d  connected  with  a  sprocket  chain  to  the  sprocket 
nioii. 

The  bevel  pinion  had  16  teetli,  the  bevel  gear  80  teeth 
d  the  traveling  nut  was  threaded  11  threads  per  inch 
:th  approximately  30-in.  travel.  The  sprocket  pinion 
,d  seven  teeth,  and  the  sprocket  gear  34  teeth,  so  that 
e  valve-spindle  sprocket  gear  made  74  r.p.m.  with  the 
otor  running  1800  r.p.m. 

A  forward  and  reverse  switch  was  placed  near  the  tur- 
ne  throttle  so  that  the  engineer  could  open  or  ^■lose 
e  valve  at  pleasure. 

The  device  did  not  cost  as  much  to  make  as  to  pur- 
lase  a  regular  motor-operated  valve.  It  is  practically 
olproof  and  has  not  been  out  oF  order  since  it  was 
ade. 

Some  Electrical   Fallacies 

By  AuTurit  H.  Ai.lkn 

In  all  vocations  there  are  certain  beliefs  more  or  less 
rmly  rooted  in  the  popular  imagination,  but  actually 
ised  upon  erroneous  ideas,  and  the  electrical  industry 
no  exception ;  indeed,  in  earlier  days  it  bristled  with 
lUacies,  but  many  of  these  have  lieen  exploded.  Never- 
iclfss,  there  is  still  a  fair  number  which  persist  in  spite 
[  the  advance  of  technical  education  and  of  repeated 
,s,n-„of. 

The  writer  recently  heard  it  stated  that  a  motor  could 
e  ])uilt  which  would  run  faster  if  the  load  on  the  shaft 
'ere  increased.  A  similar  statement,  many  years  ago, 
iduced  him  to  try  experiments  on  various  motors,  chang- 
hg  the  excitation,  the  position  of  the  brushes,  and  so 
in,  "with  a  view  to  putting  the  statement  to  test,  as  he 
oubted  the  possibility  of  such  an  achievement.  The  re- 
ults  were  entirely  negative,  and  consideration  shows 
hat  this  must  necessarily  he  so.  In  the  case  of  a  direct- 
I'urrent  motor,  the  current  through  the  armature  (at 
onstant  voltage)  cannot  possibly  increase  unless  the 
Ijounter  electromotive  force  is  first  reduced,  and  this  can- 
jiot  take  place  unless  either  the  speed  is  lowered  or  the 
lield  weakened.  But  the  armature  cannot  carry  an  in- 
Teased  load  unless  the  current  through  it  is  increased, 
^r  the  field  strengthened.  With  constant  voltage,  the 
jatter  alternative  is  inadmissible ;  therefore  the  speed 
nust  fall  when  the  load  is  increased.  A  larger  current 
hen  flows,  and  this  may  weaken  the  field  in  two  ways : 
py  armature  reaction,  or  by  a  series  winding  in  opposi- 
lion  to  the  shunt  winding,  or  both.  In  order  to  restore 
he  original  speed,  the  field  must  be  weaker,  while  on  the 
)ther  hand,  in  order  to  carry  the  increased  torque,  the 
product  of  armature  current  and  field  strength  must  be 
ijreater  than  before  Armature  reaction  alone  is  not  suffi- 
■ient  to  bring  about  the  necessary  weakening  of  the  field, 
;o  that  a  shunt  motor  always  falls  in  speed  as  its  load 
ncreases.  By  means  of  a  differential  series  winding,  how- 
>ver,  it  is  possible  to  weaken  the  field  when  the  current 
ncreases,  and  thus  the  speed  can  be  maintained  very 
learly  constant. 

The  action  is  similar  to  that  of  a  mechanical  governor 
3n  a  steam  engine,  which  can  be  so  designed  and  ad- 
justed that  a  very  small  fall  in  speed  results  in  the  admis- 
•ion  of  an  increased  quantity  of  steam  at  each  stroke  to 


carry  an  increased  load;  but  it  is  well  known  to  engineers 
that  if  the  governor  is  made  too  sensitive  the  engine  will 
hunt — the  correction  applied  through  the  action  of  the 
governor  may  be  too  great,  and  the  speed  of  the  engine 
will  become  irregular.  Hence  it  is  necessary  to  allow  a 
drop  in  speed  of  at  least  2  or  3  per  cent,  between  no 
load  and  full  load,  to  insure  stable  running,  and  precisely 
the  same  thing  applies  to  the  direct-current  motor.  If 
the  compensation  for  increased  load  provided  by  the  dif- 
ferential series  winding  is  too  great,  the  speed  will  become 
unstable.  Hence,  it  is  necessary  to  allow  a  small  but 
definite  drop  in  speed  with  increasing  load.  With  the  aid 
of  relays,  the  problem  can  be  solved,  but  that  is  another 
question. 

Another  fallacy  which  is  still  often  met  with  is  thai  of 
"bedding"  in  the  winding  of  a  solenoid.  It  is  stated  that 
some  economy  in  winding  space  can  be  derived  from  the 
bedding  of  round  wires  in  the  successive  layers,  as  shown 
in  Fig.  1,  but  this  is  a  wholly  erroneous  view.  The  suc- 
cessive layers  are  respectively  right-  and  left-hand  spirals, 
and  if  one  considers  the  analogous  case  of  a  left-handed 
bolt  screwed  into  a  right-hand  nut,  it  will  at  once  be 
seen  that  the  respective  threads  cross  one  another,  so  that 
the  bolt  cannot  even  enter  the  nut  unless  the  outside 
diameter  of  the  former  is  equal  to  or  less  than  the  inside 
diameter  of  the  latter.  They  will  not  go  together  at  all. 
The  threads  of  a  right-hand  bolt  and  a  right-hand  nut, 
however,  if  of  the  same  pitch,  "bod"  together  perfectly. 
Now,  whether  the  cross-section  of  the  former  on  which  a 
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coil  of  wire  is  wound  be  round,  oval,  or  rectangular,  the 
fact  remains  that  the  windings  are  alternately  right-  and 
left-hand  spirals,  and  even  if  they  bed  on  the  corners  of 
the  former,  the  turns  must  cross  one  another  at  two 
points  in  each  convolution;  at  those  points  the  layers  are 
in  the  position  shown  in  Fig.  2,  and  there  is  no  bedding. 
Again,  take  the  "extra  current,"  so  called,  ■which  flows 
at  the  moment  of  interrupting  an  inductive  circuit,  such 
as  that  of  a  field-magnet  coil.  There  are  many  who  be- 
lieve that  at  that  moment  there  is  a  rush  of  current,  of 
greater  amperage  than  the  current  which  was  flowing  be- 
fore the  interruption  commenced.  The  name  certainly 
suggests  this  idea,  which,  however,  is  totally  wrong.  Of 
course,  the  current  persists  for  a  short  interval,  producing 
a  spark ;  but  the  act  of  interrupting  the  circuit  is  simply 
that  of  increasing  the  resistance  in  the  circuit  more  or  less 
abruptly,  and  the  current  actually  diminishes  from  the 
first  moment.  What  really  happens  is  that  the  fall  in 
the  value  of  the  current,  which  is  necessarily  accompanied 
by  the  collapse  of  a  numix'r  of  lines  of  force  (using  the 
ordinary  convention),  and,  therefore,  by  the  intersection 
of  the  convolutions  of  the  winding  by  lines  of  force,  re- 
sults in  the  production  of  an  electromotive  force  acting 
in  the  same  direction  as  the  original  electromotive  force, 
and  thus  tends  to  maintain  the  current  flowing,  or,  in 
other  words,  which,  perhaps,  more  correctly  describe  the 
phenomenon,  it  opposses  the  change  in  the  conditions,  in 
accordance  with  the  law  of  Lenz.  If  the  circuit  is  very 
suddenly   interrupted,   this    induced   electromotive   force 
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may  ioiit.h  an  extraordinarily  high  Value,  and  has  often 
been  known  to  cause  the  puncture  of  the  insulation  of  a 
solenoid;  it  is,  indeed,  an  "extra  voltage"  in  the  sense 
of  an  increased  voltage,  but  flie  current  di7tiinwhe.s  all  the 
lime. 

Take  now  the  question  of  overleaping  of  current  when 
switching  on  a  tungsten  lamp.  The  resistance  of  the 
lilanient  is  low  at  first,  the  filameut  being  cold.  A  given 
voltage,  therefore,  produces  a  current  far  in  excess  of  the 
normal  current,  causing  the  filament  to  be  heated  very 
rajiidly.  It  is  easy  to  fancy  that  the  heating  has  a  sort 
of  inertia,  which  causes  it  to  overleap  the  proper  limit, 
so  that  tlie  filament  attains  a  higher  temperature  than 
the  normal  ultimate  value,  but  this  is  an  erroneous  view. 
The  current  is  always  equal  to  the  ratio  of  the  effective 
voltage  in  the  circuit  to  the  resistance  in  the  circuit  at 
the  moment,  and  as  the  temperature  of  the  filament  (and, 
therefore,  its  resistance)  rises,  so  the  current  necessarily 
falls,  until  the  point  is  reached  where  the  current  flow- 
ing just  suffices  to  maintain  the  temperature  that  the  fila- 
ment has  attained.  A  good  analogy  is  a  tank  fitted  with 
an  automatic  ball-valve  connected  with  a  water  supply. 
If  the  water  is  turned  on  when  the  tank  is  empty,  it 
rushes  in  at  first  at  full  bore;  then  as  the  tank  gradually 
fills,  the  ball  rises  and  gradually  closes  the  valve,  till  when 
the  tank  is  nearly  full  the  water  comes  in  at  a  mere 
trickle.  When  the  tank  is  quite  full  the  flow  of  water 
has  been  completely  stopped.  The  tank  is  never  filled 
above  that  limit.  There  is  only  one  way  in  which  over- 
filling could  be  produced — namely,  by  the  presence  of 
inertia  of  some  kind  in  some  part  of  the  apparatus. 

In  the  case  of  the  tungsten  lamp,  the  electromagnetic 
inertia  known  as  inductance  may  .supply  that  condition. 
Another  factor  by  which  the  effect  of  inertia  may  be  pro- 
duced is  that  of  capacity  for  heat:  the  parts  of  the  fila- 
ment close  to  the  terminal  electrodes,  and  those  which 
are  in  contact  with  the  sup])orting  hooks,  do  not  heat  up 
so  rapidly  as  the  intarmcdiate  parts,  and  thus  their  re- 
sistance does  not  increase  at  the  same  rate.  The  result 
is  that  the  resistance  is  less,  and,  therefore,  the  current 
is  greater,  at  the  moment  when  the  temperature  of  the 
filament  passes  through  the  normal  limit,  than  they  will 
ultimately  become,  and  this  would  cause  a  momentary 
excess  of  heat  and  brilliancy.  That  such  overleaping  does 
take  place  in  many  cases  cannot  be  denied :  but  it  is  not 
due  to  the  upward  rush  of  the  temperature,  but  to  causes 
such  as  those  above  mentioned.  No  circuit  is  completely 
noninductive,  and  no  tung.sten  lamp  of  ordinary  dimen- 
sions is  free  from  the  wire  hooks,  etc.,  which  might  ac- 
count for  the  phenomenon. 

Lightning  Protection* 

There  are  two  classes  of  lightning  strokes,  direct  and 
indirect.  The  direct  stroke  is,  as  the  name  implies,  some- 
thing in  the  direct  path  of  lightning  to  the  ground.  This 
kind  of  a  stroke  is  so  powerful  as  to  render  all  present 
forms  of  lightning  protection  useless.  A  power  wire  ex- 
posed to  this  severe  condition  is  most  likely  to  be  exposed 
to  a  power  arc  which  follows  lightning  to  the  groxmd  and 
the  arc  often  burns  the  line  conductor  in  two.  The  means 
of  support  for  the  power  wire  sometimes  aid  or  add  a 
destructive  element  to  the  whims  of  lightning.     W(X)den 

♦Excerpt  from  report  of  the  Electrical  Transmission  Com- 
mittee  of  the   Ohio  Electric   Light  Association. 


pole  lines  are  often  interrupted  because  of  a  shattered 
pole,  and  in  few  instances  does  lightning  strike  the  wires 
midway  between  supports.  Again,  more  trouble  has  been 
evident  on  wooden-pole  lines  than  upon  tower  lines.  This 
is  because  of  the  greater  resistance  to  the  flow  of  light- 
ning offered  by  the  wooden-pole  line,  whereas  the  steel 
towers  are  of  ground  potential. 

The  indirect  stroke  of  lightning  is  detrimental  to  gofjd 
service  because  of  the  effect  produced.  This  induced 
stroke  which  affects  the  line  in  the  immediate  vicinity  of 
the  direct  stroke,  builds  up  a  potential  nearest  the  path 
of  the  lightning  often  of  such  magnitude  as  to  strike  out 
and  attract  the  lightning  to  the  conductor. 

It  would  seem  evident  that  bringing  the  potential  of 
the  earth  to  an  elevation  higher  than  the  power  wires 
would  be  the  best  means  of  protection.  The  most  usual 
manner  of  obtaining  this  protection,  in  a  degree,  is  to 
place  a  single  wire  at  the  extreme  top  of  the  structure 
and  have  this  parallel  the  main  power  conductors.  This 
conductor  is  grounded  at  intervals,  and  is  known  as  the 
ground  wire.  AVhen  lightning  is  l)eing  conducted  to  earth 
along  this  wire,  an  induced  potential  is  often  produced  on 
the  main-line  conductors,  occasionally  so  high  as  to  cause 
a  "spill-over"  of  the  insulators.  To  prevent  this  danger- 
ous rise  of  potential  on  the  line,  it  is  best  to  ground  the 
wire  about  every  375  ft. 

The  inultigap  arrester,  at  the  time  it  was  devised,  af- 
forded what  was  considered  the  best  means  of  protection. 
It  had  the  disadvantage  of  having  parts  affected  by  the 
current  which,  in  turn,  affected  the  sensitiveness  of  the 
arrester.  That  portion  affected  was  the  gnarled  edges 
which  burned  off  and  increased  the  gap,  thereby  making 
■it  necessary  to  attaiH  a  greater  potential  before  a  puth 
to  the  ground  is  obtained.  Tliis  arrester  is  in  use  on  volt- 
ages up  to  33,000  and  44,000  volts. 

An  arrester  known  as  the  compression  type  has  been 
produced  for  voltages  up  to  10,(100.  This  is  a  form  of 
multigap  arrester  embodying  similar  principles  with  dis- 
tinct feature.  It  requires  little  space,  and  is  mounted 
on  the  transformer  pole,  one  arrester  placed  in  each 
phase.  Upon  a  short-circuit  it  attains  a  temperature! 
such  as  to  cause  a  cap  to  be  forced  off,  and  in  this  way 
opens  the  circuit. 

The  open-air  horn-gap  arrester  is  a  combination  of  a' 
horn  gap  and  a  choke  coil ;  the  action  is  as  follows :  The 
surge  passes  along  the  line  to  a  choke  coil,  and  it  is  im- 
mediately retarded  until  a  potential  great  enough  to 
jump  the  gap  is  attained,  at  which  time  the  choke  coil 
acts  as  a  magnetic  blowout,  and  the  arc  is  carried  up 
the  horns  and  is  dissipated.  It  is  recommended  to  place/ 
a  fused  horn  gap  in  series  with  the  line  to  prevent  heavj' 
rushes  of  current.  The  fuse  prevents  its  being  a  self- 
sustained  arrester. 

The  electrolytic  arrester  is  still  the  arrester  npon  whicl 
the  greatest  burden  of  protection  lies.  This  has  remainec 
of  the  same  design  and  has  proved  to  be  the  most  satis ' 
factory  means  of  protection  from  lightning  on  .sy.stemi 
of  high  voltage.  It  dissipates  surges  from  the  line,  anc 
removes  abnormal  conditions. 

In  any  case,  the  arrester  used  depends  primarily  upoi 
the  ground  connections.  One  of  the  best  methods  of  ob 
taining  a  ground  in  a  station  is  to  drive  galvanized-iroi 
pipes  into  the  earth  at  different  places,  all  the  pipes  to  b 
well  salted  just  below  the  surface  of  the  earth  and  elec 
trically  tied  together. 
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Effect  of  Variable  Load  on  Gas 
Producers 

By  liwiix  \i.1)  'riiAiTS('Hoi.n 

In  the  past  mamifacturers  of  suction-gas  producers 
ften  made  claims  for  economic  operation  that  were  not 
;-ealized  in  ordinary  practice,  although  they  may  have 
Deen  exceeded  in  tests  made  at  the  factories  or  in  certain 
mstallations  where  all  conditions  were  peculiarly  favor- 
ihle.  Much  progress  has  now  been  made  in  the  design 
)f  gas  producers  and  the  conservative  manufacturer  no 
longer  guarantees  exaggerated  economies,  such  as  a  horse- 
piiwcr  for  %  or  1  lb.  of  fuel,  it  being  possible  to  get  only  a 
crtain  number  of  B.t.u.  from  a  fuel  and  it  is  in  but  rare 
■xceptions  that  more  than  one-third  of  the  available 
heat  can  be  converted  into  useful  energy.  At  jjresent, 
I  he  rating  of  gas  producers  is  nuu'h  more  liberal  than 
loniierly  and  few  manufacturers  now  care  to  guarantee  a 
horsepower  on  less  than  about  IV^  lb.  of  anthracite  coal, 
although  some  installations  are  doing  better  than  this. 

The  manufacturer  is  now  confronted  by  another  trying 
proposition,  luimely,  to  guarantee  the  effect  of  variable 
load  on  the  economy  of  the  gas  producer.  Possibly  this 
is  another  stumbling  block,  for  guarantees  such  as  a  fuel 
consumption  of  II/4  lb.  per  b.hp.-hr.  from  three-quarters 
Ito  full  load,  and  IV^  lb.  per  b.hp.-hr.  with  half  load,  are 
Ijmade  by  some  of  the  most  conservative  manufacturers. 
IjOwners  should  know  that  a  gas  engine  is  not  equally  effi- 
licient  under  all  degrees  of  load  and,  therefore,  should  not 
expect  to  be  protected  by  any  such  guarantee  on  the  part 
of  the  producer  manufacturer. 

Variable  load  has  little  effect  upon  the  economy  of  a 
correctly  designed  gas  producer;  which,  instead,  depends 
directly  upon  the  efficiency  of  the  gas  engine,  and  any 
guarantee  that  the  fuel  consumption  of  a  gas  producer 
will  not  exceed  a  certain  amount  under  a  given  load  must 
lie  extremely  conservative  to  be  realized  in  every  installa- 
tion. The  only  reliable  guarantee  that  can  be  made  is 
that  the  fuel  consumption  of  the  producer  will  not  vary 
more  than  :i  per  cent.,  for  any  load,  from  the  efficiency 
of  the  power  unit  operating  under  the  same  load.  The 
efficiency  of  a  gas  engine  varies  under  different  degrees 
of  load  and  so  many  conditions  enter  into  the  problem 
that  it  may  be  impossible  for  the  gas  producer  to  be  op- 
erated efficiently  because  of  inefficient  operation  of  the  gas 
engine.  It  is  possible,  of  course,  to  guai'antee  a  certain 
rate  of  gas  generation  in  a,  suction-gas  producer  from  a 
particular  grade  of  coal,  but  such  rating  would  not  be 
convenient  nor  satisfy  the  operator.  He  desires  to  know 
how  much  fuel  is  required  to  generate  certain  power  at 
the  engine. 

A  suction-gas  producer  consists  simply  of  a  closed 
chamber  in  which  a  solid  fuel  is  converted  into  a  com- 
bustible ga.s.  This  conversion  is  only  possible  through 
the  admittance  to  the  producer  of  a  certain  quantity  of 
air  for  combustion  and  the  reducing  medium  that  lirings 


alidul  the  chemical  reduction  in  the  products  of  eombus- 
tiou.  Tlie  supply  of  these  direct  and  negative  reaction 
mediums  depends  upon  the  suction  of  the  engine,  and. 
hence  is  directly  dependent  upon  the  engine  require- 
ments for  fuel.  This  withdrawal  of  gas  is  equal  to  the 
consumption  of  fuel  by  the  engine  and  it  is,  therefore,  im- 
]3ossible  to  have  other  than  the  same  economy  in  both 
the  producer  and  the  engine,  with  possibly  the  exception 
of  the  2  per  cent,  referi'ed  to  in  the  suggested  guarantee. 
This  3  per  cent,  may  occasionally  occur,  due  to  the  fact 
that  a  gas  producer  is  very  similar  to  a  thermos  bottle, 
storing  up  heat,  so  that  the  fire  bed  is  maintained  at  a 
practicaJly  constant  temperature,  irrespective  of  the  rate 
of  gasification  in  the  producer.  A  small  portion  of  aJiy 
producer  gas  consists  of  hydrocarbons  that  are  driven 
off  from  the  fuel ;  therefore,  a  slight  excess  of  such  hydro- 
carbons might  be  present  in  the  delivered  gas  at  a  time 
of  supplying  green  fuel,  thus  increasing  the  richness  of 
the  gas  during  a  short  period.  A  varying  richness  of  gas 
reduces  the  efficiency  of  the  gas  engine — a  reduction  that 
can  rightfully  be  charged  against  the  gas  producer. 

Sudden  variations  of  load  are  conducive  to  reduction 
of  engine  efKciency,  naturally,  and  correspondingly  to 
poorer  economy  of  fuel  consumption  by  the  producer,  for 
no  engine  governor  has  yet  been  devised  that  can  instantly 
take  care  of  a  considerable  drop  or  increase  in  load.  The 
period  of  reduced  efficiency  of  the  engine  is  ordinarily 
of  sufficient  duration  for  tli«  gasification  in  a  gas  pro- 
ducer to  accommodate  itself  to  the  dentands  for  fuel,  and 
several  of  the  most  successful  gas  producers  depend  for 
their  economic  operation  on  this  fact — a  dependence  that 
actual  operating  results  indicate  as  permissible.  One 
eminently  successful  producer,  however,  is  provided  with 
an  additional  precaution  against  unnecessary  gasification 
through  a  bypass  conneotion  leading  from  the  gas  holder 
bat-k  to  the  scrubber.  In  this  producer,  excess  of  gas,  at 
a  time  of  sudden  drop  in  the  engine  load,  returns  to  the 
scrubber  and  thus  the  vacuum  throughout  the  gas-pro- 
ducer system  is  reduced  and  gasification  is  retarded  un- 
til the  engine  load  increajses  and  the  demands  for  fuel 
are  correspondingly  greater. 

Standby  periods  represent  certain  losses  in  efficiency 
of  all  generators,  but  here  the  gas  producer  is  far  more 
economical  than  steam  boilers.  Gasification  practically 
stops  on  the  breaking  of  tlie  vacuum  in  the  system— on  a 
shutdown.  That  is,  on  the  cessation  of  operation,  the 
purge  or  stack  pipes  of  gas  producers  are  opened  to  the 
atmosphere  and  the  complete  combustion  of  fuel  is  nec- 
essarily very  slow.  The  condition  existing  in  the  producer 
is  a  relatively  deep  ma.ss  of  incandescent  fuel  with  very 
little  oxygen  supply  for  condjustion.  The  ordinary  air 
supply  for  the  fuel  charge  is  practically  cut  off  and  lit- 
tle air  enters  the  producer  chamber,  except  through  leak- 
age or  down  the  open  stacks.  Combustion  being  thus 
minimized  and  there  being  little  circulation,  the  producer 
stores  up  its  heat  during  inoperative  hours  so  that  when 
operations  arc  again  resumed   l)y  the  admittance  of  air. 


16S 


POWER 


Vol.  38,  No.  5 


tho  fuel  bed  is  easily  revived.  The  dormant  condition  of 
the  producer  can  be  maintained  for  a  considerable  period, 
ample  to  care  for  any  ordinary  standby  condition.  Even 
should  such  a  pei'iod  extend  over  a  week  or  two,  it  is  un- 
economical to  pull  the  fires.  During  a  standby  period  of 
such  length  it  is  customary  to  admit  no  air  during  the 
first  la  hr.  or  so  and  then  only  sufficient  air  to  revive 
the  fire  somewhat,  when  it  should  be  again  cut  off  and  the 
producer  allowed  to  remain  in  the  dormant  state  for  a 
day  or  two  before  again  reviving  the  fuel  bed.  Charging 
the  producer  or  supplying  it  with  fuel  during  lay-over 
periods  is  also  inadvisable,  for  such  new  fuel  tends  to 
bake  or  fuse  together,  increasing  the  difficulty  in  starting 
up  the  producer.  Should  the  producer-fuel  charge,  at 
time  of  shutdown,  be  insufficient  to  last  over  the  standby 
period  it  is  more  economical  to  pull  the  fires  than  to  at- 
tempt to  maintain  them  by  the  addition  of  fuel.  Starting 
Tip  a  producer  after  a  shutdown  over  night  or  after  a  lay- 
over period  nacessitates  some  waste  of  fuel  during  the 
time  required  to  revive  the  charge  by  "blowing" — or- 
dinarily not  more  than  15  or  20  min. — but  this  loss  is 
jn-actifally  the  only  direct  loss  of  the  gas  producer. 

New  Combination  Carburetor 

Charles  Rayfield,  inventor  of  the  well  known  Bayfield 
carburetor  used  on  automobiles,  has  been  experimenting 
for  some  time  on  kerosene  carburetion,  and  has  brought 
out  a  combination  carburetor  employing  kerosene,  gasoline 
and  water,  which  is  intended  for  use  on  traction,  station- 
ary and  marine  engines. 


Sectigx  through  Rayp-ield  Cakburetor 

The  operation  of  this  carburetor  is  automatic.  It  is  so 
designed  that  a  proper  mixture  is  supplied  under  all 
speeds  and  under  all  loads,  using  kerosene,  distillate  or 
other  low-grade  fuel.  The  fuel  and  air  openings  are  op- 
erated by  a  floating  double-poppet  valve,  which  is  lifted 
by  the  suction  of  the  motor  in  pro])ortion  to  the  speed. 

Two  float  chambers  are  used,  making  it  possible  to 
start  at  any  time  on  gasoline.  The  shifting  of  a  small 
lever  by  the  operator  shuts  off  the  gasoline  and  opens 
the  kerosene  port,  instantly  changing  the  mixture  from 
one  fuel  to  the  other. 

Separate  adjustments  are  necessary  for  each  fuel  and 
this  requirement  is  met  by  the  installation  of  separate 
needles,  thus  making  it  unnecessary  to  change  the  ad- 
justment when  switching  suddenly  from  one  fuel  to  the 
other.     One  air   inlet  answers  when  using  either   fuel. 


Heat  to  assist  in  vaporizing  the  fuel  is  supplied  by  a 
hot-air  tube  from  the  exhaust  manifold. 

This  carburetor  is  not  intended  for  use  on  automobile 
motors!,  but  it  is  understood  that  Mr.  Rayfield  is  now 
experimenting  along  this  line.  The  carburetor  is  made 
by  the  Findeisen  &  Kropf  Manufacturing  Co.,  Chicago. 

Splash  Lubrication 

One  noticeable  feature  in  the  operation  of  gas  engines 
is  that  the  vertical  engine  running  with  the  splash  system 
consumes  more  oil  than  the  hand-oiled  horizontal  engine 
of  the  same  horsepower.  In  the  case  of  the  hand-oiled 
engine,  if  the  cups  are  feeding  too  fast  they  can  easily 
be  adjusted,  but  in  the  case  of  the  splash  system  one 
must  keep  the  oil  to  a  certain  level  in  the  crank  ca.se  and 
let  the  connecting-rod  bolts  throw  all  the  oil  that  will 
cling  to  them.  It  is  common  to  find  a  100-hp.  splash- 
feed  engine  consuming  4  to  8  gal.  of  oil  in  24  hr. ;  while 
1  gal.  will  easily  lubricate  the  hand-oiled  engine. 

I  had  a  case  some  time  ago  of  a  vertical  engine  that 
consumed  5  gal.  in  11  hr.  A  representative  of  a  well 
known  oil  firm  came  along  and  said  if  I  would  use  his 
oil  it  would  only  take  1  gal.  per  day  as  the  oil  I  was 
using  was  no  good.  This  new  oil  cost  three  times  as  much 
as  the  old.  However,  after  considerable  controversy,  our 
firm  decided  to  order  two  barrels.  The  crank  case  was 
cleaned  out  and  3.5  gal.  of  the  new  oil  was  put  in  and 
in  order  to  keep  the  proper  level  while  the  engine  was 
running  it  was  necessary  to  use  just  as  much  of  the  high- 
priced  oil  as  of  the  cheaper  oil.  I  decided  to  lower  the 
oil  in  the  case  and  stop  the  engine  throwing  so  much  up 
ill  the  cylinder.  Therefore,  I  lowered  the  level  so  that 
the  bolts  passing  through  the  end  of  the  connecting- 
rod  and  through  the  crankpin  bearings  did  not  touch  the 
ml. 

I  took  out  a  bolt  at  the  back  of  each  connecting-rod 
and  drilled  and  tapped  a  hole  in  the  lower  end  for  a  \^- 
in.  stud;  then  bent  the  stud  to  a  right  angle  at  the  bot- 
tom after  having  flattened  the  end  to  a  spoon  shape,  l 
screwed  the  stud  into  the  end  of  the  bolt  and  secured  it 
with  a  locknut,  then  replaced  the  bolt.  The  stud  dipped 
in  the  oil  to  a  depth  of  11/4  in.  When  the  engine  was 
started,  1  took  care  to  see  that  the  cylinders  were  not  run- 
ning hot  and  after  a  5-hr.  run  shut  down  and  found  the 
cylinder  walls  well  oiled.  This  cut  the  oil  consumption 
down  to  1  gal.  per  day.  The  T'xlS-in.  bearing,  howevn. 
was  not  getting  enough  oil,  so  something  had  to  be  doiir 
to  use  the  oil  over  again  from  the  ca.se.  I,  therefore,  pro- 
cured a  small  plunger  pump  which  had  Deen  used  to  cir- 
culate the  jacket  water  on  an  automobile;  it  was  1  in. 
diameter  by  1%  in.  stroke.  This  I  attached  to  the  siil'' 
of  the  crank  case  and  drove  it  by  a  %-in.  connecting-rml 
from  the  exhaust  camshaft.  The  pump  discharged  into 
a  2-gal.  tank  situated  on  the  top  of  the  crank  case  be- 
tween the  two  cylinders  from  which  the  oil  was  piped  to 
run  through  two  large  (quart)  sight-feed  oil  cups,  one  on 
each  outside  main  bearing;  also  a  pipe  led  to  the  center 
bearing  in  the  crank  case.  Thus  the  oil  ran  in  a  steady 
stream  all  the  time  the  engine  was  in  motion.  This  meth- 
od supplied  the  bearings  with  about  10  gal.  of  oil  an 
hour,  whereas  before  they  only  received  1  gal.  in  10  hr. 

This  not  only  reduced  the  wear  on  the  bearings,  but 
cut  down  the  oil  bill  .$300  in  a  year. 

Stratford,  Ont.,  Can.  .  Harry  Westwood. 
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High-Pressure  Steam  Heating  vs.  Hot- 
Water  By-Product  Plant 

By  Iea  N.  Evans 

In  the  issue  of  Poweu,  June  3,  1913,  is  a  reprint  of  a 
paper  by  F.  W.  Ballard  entitled.  "Distriet  Steam  Heal- 
ing with  High-Pressure  Steam." 

In  the  paper  above  referred  to  hot  water  is  not  con- 
sidered, but  the  data  of  the  problem  will  be  used  as  a  basis 
to  determine  the  financial  possibilities  of  a  vacuum  hot- 
water  heating  system,  where  turbines  could  be  operated 
under  partial  vacuum  and  the  latent  heat  of  the  steam 
utilized  in  its  passage  from  the  engine  to  the  condenser. 

With  the  long  distances  and  con.sequent  expense  of 
mains  it  is  a  close  proposition  from  a  financial  standpoint 
for  any  system,  and  the  use  of  e.xhaust  steam  directly  in 
the  mains  would  be  out  of  the  question  financially.  From 
the  coinparison  as  stated  with  40  lb.  of  steam  per  kw.-hr. 
for  heating  and  15  lb.  per  kw.-hr.  for  full  vacuum,  it 
would  seem  impossible  for  any  byproduct  plant  to  be  suc- 
cessful even  for  short  distances. 

In  an  article  in  Power,  Nov.  36,  1912,  on  the  "Cost 
of  Exhaust-Steam  Heating,"  methods  are  discussed  show- 
ing that  by  the  use  of  hot  water  under  forced  circulation 
for  heating,  the  steam  rate  for  power  may  be  reduced  by 
lowering  the  temperatures  at  which  the  exhaust  steam  is 
utilized.  At  the  same  time  the  radiation  is  operated  in 
extreme  weather  at  the  same  temperatures  as  vacuum 
steam.  Under  the  conditions  named  the  steam  rate  of  the 
high-vacuum  turbine  will  not  be  increa.sed  to  so  great  an 
extent  and  a  broader  field  is  opened  for  byproduct  dis- 
trict-heating plants  where  they  would  not  pay  at  present. 

The  total  steam  for  1000-hr.  operation  for  the  proper 
percentages  of  time  for  each  outside  temperature  was 
given  in  the  article  as  59,782,363  lb.,  or  an  average  of 
59,782  lb.  per  hr.  With  a  maximum  rate  for  heating  at 
— 15  deg.  outside  temperature  of  113,833  lb.  per  hr.,  the 
average  quantity  of  steam  would  be  52.52  per  cent,  of 
the  maximum.  The  total  kilowatt-hours,  including  200,- 
000  for  pumping,  was  2,090,928,  which  would  give  an 
average  rate  of 


59,782,363 

2,090,938 


28.(1  lb.  per  hw.-ltr. 


for  heating  and  power.  The  steam  rate  at  28  in.  of 
vacuum  was  20  lb.  per  kw.-hr.,  on  a  500-kw.  unit,  and 
with  the  allowance  for  the  difference  in  feed  requirements 
at  28  in.  of  vacuum,  or  100  deg.  and  atmosphere  or  213 
deg.,  the  rate  increased  to  32.2-1  lb.  per  kw.-hr.  from  and 
at  212  deg.  The  average  increase  in  steam  consumption 
if  the  15  lb.  in  Mr.  Ballard's  paper  included  the  auxil- 
iaries would  be 

28.6 


23.25 


X  15  =  19.2 


or.  say,  20  lb.  per  kw.-hr.  for  the  average  rate  for  heating. 
The  15  lb.  ]>er  kw.-hr.  is  low,  but  the  relation  cited  in  the 


author's  article  having  been  proved  out  in  actual  practice, 
should  hold  for  any  other  like  condition. 

An  increase  in  the  steam  rate  from  15  to  20  lb.  or  33 
l)er  cent.,  as  against  15  lb.  and  40  lb.  per  kw.-hr.  changes 
the  complexion  of  the  problem.  In  Mr.  Ballard's  paper 
the  full  load  requires  a  15-lb.  drop  in  pressure  for  the 
low-pressure  system  and  68-lb.  drop  in  the  high-pressure 
system.  This  condition  will  occur  about  2  per  cent,  of 
the  time,  although  it  has  to  be  provided  for  in  boiler 
capacity.  If  the  loss  in  pressure  varied  as  the  square  o:'^' 
the  weight  of  steam  the  pressure  drop  under  average  con  • 
ditions  with  60  per  cent,  load  factor  would  reduce  to 

0.60  X  0.60  =  0.36  =  36  per  cent. 
Then  the  average  drop  on  the  low-pressure  system  would 
be 

0:36    X    15   =   5.4  lb. 
and  the  average  drop  on  the  high-pressure  system 

0.36  X  68  =  24.48  lb. 
Even  with  5.4  II).  back  pressure  it  would  be  difficult  to 
olitain  a  rate  of  40  lb.  per  kw.-hr.  and  vacuum  on  the 
end  of  the  line  would  increase  the  steam  volume,  requiring 
enlarged  mains  and  increased  expense  of  installation. 

For  loss  in  the  value  of  the  exhaust  steam  for  heat- 
ing, due  to  its  passage  through  the  engine,  Mr.  Ballard 
deducts  20  per  cent.  If  tnrl)ines  are  used  the  exhaust 
steam  should  be  slightly  superheated  or  at  least  dry  for 
the  same  reason  that  dry  or  slightly  superheated  steam 
is  obtained  at  the  end  of  the  heating  line.  The  recipro- 
cating engine  may  or  may  not  give  dry  steam,  but  if 
cylinder  condensation  is  reduced  to  a  minimum  and  super- 
heated steam  is  used,  as  would  of  necessity  be  required 
for  a  rate  as  low  as  15  lb.,  the  exhaust  steam  would  be 
nearly  dry  at  the  engine,  and  there  would  be  no  occasion 
for  deducting  so  large  a  quantity  as  20  per  cent. 

In  comparing  a  byproduct  plant  with  a  straight  heat- 
ing plant  the  boiler  power  under  average  conditions  will 
be  50  to  60  per  cent,  of  that  required  under  maximum 
conditions.  The  main  saving  in  a  byproduct  plant  ifi  in 
the  investment  in  buildings,  boilers  and  equipment  re- 
quired for  the  maximum  load  over  the  average  load.  The 
spare  boilers  for  both  power  and  heating  can  be  reduced 
and  made  to  serve  two  purposes. 

This  is  one  of  the  main  objections  to  the  use  of  hot- 
water  boilers  for  district-heating  hot-water  plants.  The 
extra  labor  and  the  fact  that  the  heating  plant  is  discon- 
tinued in  summer  while  current  is  required  the  year 
round  are  two  additional  arguments  in  favor  of  a  by- 
product plant.  With  regard  to  the  statement  that  the 
loads  on  the  heating  and  power  do  not  come  at  the  same 
time,  this  is  largely  a  matter  of  business  management  in 
obtaining  a  proper  power  load  to  balance  the  heating. 
This  is  one  of  the  ])rime  requisites  for  a  successful  by- 
product district-heating  plant. 

With  the  hot-water  plant  already  referred  to  in  this 
discussion,  practically  the  same  power  load  in  kilowatts 
would  be  carried  throughout  the  heating  season.  The 
heating  requirements  are  met  by  siin])ly  varying  the  vac- 
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luni  and  steam  temperatures  with  nearly  the  same  power 
oad  and  increasing  and  decreasing  the  steam  rate.  The 
;onsumption  would  be  30  lb.  or  more  in  zero  weather  and 
16  or  17  lb.  at  26  in.  of  vacuum  and  55  to  65  deg.  out- 
lide  temperature.  This  has  all  been  demonstrated  in 
letual  practice  and  all  that  is  necessary  is  a  constant 
jower  load  sufficient  to  balance  the  heating.  All  surplus 
)r  ])eak  would  be  ciirricd  (in  a  separate  machine  under 
'ull  vacuum. 

The  hot-water  layout  provides  a  single  main  in  each 
itreet  with  the  same  capacity  to  the  points  indicated  in 
VIr.  Ballard's  paper.  This  requires  an  18-iu.  supply  main 
0  Euclid  Ave.  through  Wilbur  Ave.  and  One  Hun- 
Ired  and  Fifth  St.,  a  12-in.  return  main  through  One 
Hundred  and  Seventh  St.  to  Fairmount  Koad  and  Cedar 
ive.,  and  a  14-in.  O.D.  main  along  Euclid,  Carnegie  and 
L^edar.  This  line  and  the  12-in.  main  from  One  Hun- 
Ired  and  Seventh  St.  join  into  an  18-in.  return  main 
eading  back  to  the  plant.  The  expensive  reducing  valves 
n-e  not  required  on  this  layout,  and  any  live  steam  re- 
quired will  be  utilized  under  boiler  pressure  and  tem- 
perature in  a  separate  live-steam  heater  with  gravity  re- 
turn to  the  boilers.  The  exhaust  steam  would  be  utilized 
in  a  separate  heater  or  condenser  and  all  condensation 
(vould  be  saved. 

A  25-deg.  drop  and  75,(1(10,000  B.t.u.  per  hr.  as  a  maxi- 
mum heating  load  would  require  50,000  lb.  of  water  to 
be  circulated  per  minute;  30,000  lb.  through  the  12-in. 
main  and  20,000  lb.  through  the  14-in.  O.D.  main.  There 
are  7000  ft.  of  18-in.  main,  2700  ft.  of  12-in.  main  and 
8000  ft.  of  14-in.  O.D.  main,  making  17,700  ft.  of  main 
as  compared  to  8200  ft.  on  the  steam  system.  This  ar- 
rangement will  require  a  225-ft.  head  on  the  pump  and 
house  connections  will  be  shunted  oft  the  main  with  suffi- 
cient distance  between  the  terminals  to  produce  circula- 
tion.   The  power  to  drive  the  pumps  will  be 

225  X  50,000  =  11,250,000  ft.-lb.  per  min. 
or  341  theoretical  horsepower.  At  70  per  cent,  efficiency 
487  hp.,  or  365  kw.,  will  be  required  to  circulate  the 
water.  It  has  been  demonstrated  in  former  articles  that 
nothing  is  lost  in  the  pumping.  The  heat  units  develop- 
ing power  are  all  returned  in  friction  and  the  heat  in  the 
exhaust  steam  is  utilized  for  heating  the  water.  The 
pumping,  however,  represents  compulsory  live-steam  op- 
eration and  none  of  this  heat  is  available  for  power. 

It  is  assumed  that  the  15  lb.  per  kw.-hr.  under  28  in. 
vacuum  is  obtained  with  steam  at  150  lb.  gage  and  100 
deg.  superheat,  and  that  the  average  temperature  of  the 
heating  medium  is  150  deg.,  permitting  a  vacuum  of  20 
in.  and  a  temperature  of  160  deg.  for  an  average  outside 
temperature,  of,  say,  32  deg. 

The  data  for  loss  in  the  mains  for  the  three  systems 
are  given  in  Tables  1,  2  and  3.  The  water  system  has 
an  average  assumed  temperature  of  160  deg.,  although 
the  actual  variation  would  be  from  100  to  215  deg.,  de- 
pending on  the  outside  temperature. 

Mr.  Ballard  mentions  the  nonconductivity  of  the 
ground,  although  the  efficiency  of  the  covering  is  almost 
what  is  found  when  the  pipes  are  covered  and  surrounded 
by  air.  This  is  made  up  in  part  by  the  high  specific 
heat  and  density  of  the  surrounding  earth.  High  absorb- 
ing power  is  nearly  as  great  a  source  of  loss  as  great 
conductivity,  although  constant  heating  will  eventually 
raise  the  ground  temperature  and  reduce  the  loss. 


The  tables  show  under  the  assumed  conditions  the  line 
loss  on  the  high-pressure  steam  system  to  be  1,741),9H<; 
B.t.u.  per  hr.,  on  the  low-pressure  steam  system  2,491, 77(j 
B.t.u.  and  on  the  hot-water  2,341.418  B.t.u.  per  hr. 
Tbe  higb-pressure  steam  system  will  have  a  nearly  coii- 

TAHI.E   1.     RADIATION   FROM   MAINS  OF   LOW-PRESSURE  STEAM 


SYSTEM 


Sii.Ft. 

w. 

6.238 
5.76 
4.71 
3.662 


B.t 


Ft 


2000 
2000 
2200 
2000 


Steam  Steam  per  hr. 

igth     Sq.Ft.  Temp.  Temp.  per 

Surface  Deg.  F.  40  Deg.  Sq.Ft. 

12,476         247          207  414 

11.520        241          201  402 

10,362        236         19B  392 

7,324        228         188  376 


B.t.u.  per 

hr. 
Bare  Pipe 
5,165,064 
4,631,040 
4,061,904 
2,753,824 

15p.-rcent.J 
Loss     1 
B.t.u.  ■ 
774.76fl 
694,659 
609,28« 
413,0741 

Total 2,491,776^ 

*2492  lb.  steam. 

T.\BLE    II.     RADIATION    FROM    MAINS   OF    HIGH-PRESSVRE 
STEAM  SYSTEM 

B.t.u. 

per  Hr.      B.t.u. 

Steam    Steam   per  Sq^      per  hr.  15  per  cent. 

Size      Sq.Ft.     Length     Sq.Ft.     Temp.    Temp.      Ft.  (A-       Bare  Los 

In.      per  Ft.       Ft.        Surface   Deg.  F.  40  Deg.  2  B.t.u.      Pipe  B.t.i 

10       2  82         4000       11,280        344         304         608  6,858  240  1,028,736  1 

8       2.257        2200          4,965         327          287          474  2,849,910  427.486 

6        1.8            2000          3,600        312          272          544  1,9,58,400  293,760] 


Total 1,749,982*1 

*  17.50  Ih.  steam. 


TABLE 


A\ERAGE  RADIATION  FROM  HOT-WATER  MAINS 


Steam  B.t.u. 

and  per  Hr.  B.t.u. 

Water  Water  per  Sq.  per  Hr.  15  per  cent.] 

Size      Sq.Ft.     Length     Sq.Ft.     Temp.  Temp.  Ft.  ^  Bare  Los 

In.      per  Ft.        Ft.        Surface  Deg.  F.  40  Deg.  1.8  B.t.u.    Pipe  B.t.i 

18       4.71         7000       33,970        160  120         216  7,337,520  1,100,628  : 

14       3.662       8000       29,296        160  120         216  6,327,936  949,190 

12       3.333       2700         9,000.       160  120         216  1,944,000  291,600  ' 


;,341,418« 


Total 

*  2341  lb.  steam. 

stant  line  loss,  the  greater  line  loss  occurring  at  periods 
of  low  load  on  account  of  the  increased  pressures  and 
temperatures  due  to  lower  velocities  and  volumes.  The 
same  is  true  in  a  less  degree  of  the  low-pressure  stear 
system,  while  the  loss  on  the  hot-water  system  will  vary 
from  50  per  cent,  greater  loss  in  extreme  weather  to  50 
per  cent,  less  in  moderate  weather  and  periods  of  light 
load,  that  is,  the  loss  will  vary  with  the  actual  amount 
of  heating  required. 

The  condensation  from  both  steam  systems  is  of  neces- 
sity wasted  to  the  sewer  while  all  is  saved  on  the  water 
system  at  nearly  the  same  temjierature  that  the  steam 
is  used  in  the  heaters.  Drain  traps  are  generally  a  con- 
tinual source  of  waste  unless  a  force  of  men  is  maintained 
to  keep  them  in  proper  operation.  They  release  the 
water  at  the  temperature  corresponding  to  the  steam  pres- 
sure whether  high  or  low,  and  the  heat  in  the  liquid  is 
wasted.  At  50-lb.  pressure  the  water  would  leave  the 
mains  at  about  300  deg. 

In  the  high-pressure  steam  system  with  the  great  drop 
in  pressure  it  would  hardly  be  safe  to  omit  drain  traps 
on  the  mains.  If  the  consumption  of  heat  were  low  the 
pressure  would  increase,  reducing  the  velocity,  and  water 
at  a  high  temperature  would  collect  due  to  the  line  loss. 
If  a  large  amount  of  surface  were  turned  on  suddenly  this 
water  would  likely  cau.se  water-hammer.  It  would  flow 
along  the  pipe,  holding  its  temperature  until  a  condition 
of  lower  pressure  were  reached,  when  a  portion  would  re- 
evaporate.  In  any  case  the  repair  bills  in  such  a  system 
would  go  a  long  way  toward  balancing  the  loss  by  radia- 
tion on  the  hot-water  system  which  will  have  the  lowest 
repair  account  if  proper!}'  installed  at  the  start. 

The  maximum  heating  load  Avill  be  assumed  to  be 
75,000,000   B.t.u.  per  hr.   and  the  average  load  will  be 
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Jout  GO  per  cent,  of  this.  Tlir  I'aotur  for  the  water  sys- 
m  should  be  taken  at  about  55  per  cent.,  due  to  the 
reater  flexibility  of  the  heating  medium,  but  for  ease 
:  comparison  both  systems  will  he  taken  at  60  per  cent, 
t  a  maximum  rate  of  0.3  lb.  of  condensation  per  square 
iiot  per  hour  on  the  steam  system  in  zero  weather,  a  con- 
bcted  load  of  250,000  sq.ft.  could  be  carried.  The  water 
y^stem  would  require  about  10  per  cent,  more  surface  at  a 
)wcr  rate  of  steam  consumption  to  heat  the  same  space, 
he  average  load  on  either  system  in  pounds  of  steam 
er  hour  would  be 

75,000  X  O.ao  =  15,000  lb.  per  ki: 
i  In  comparing  the  two  systems  the  steam  system  will  be 
gured  from  135  lb.  gage  to  50  deg.  feed  temperature 
nd  the  cost  of  all  water  for  heating  will  be  charged.  As 
[0  in.  of  vacuum  will  be  carried  on  the  water  system  in 
erage  heating  weather,  the  feed  water  will  be  160  deg. 
mperature  and  an  initial  pressure  of  150  lb  gage  and 
00  deg.  superheat  will  be  assumed  as  the  requirements 
T  a  rate  of  15  lb.  per  kw.-hr.  at  28  in.  of  vacuum.  It 
ill  be  assumed  that  the  steam  pressure  is  reduced  to  at- 
lospheric  on  the  steam  system  and  the  condensation 
iaves  the  system  at  a  temperature  of  212  deg.  This  will 
ot  be  quite  true  in  practice  as  it  will  probably  be  higher, 
'he  total  heat  at  165  lb.  absolute  and  100  deg.  super- 
eat  in  a  pound  of  steam  is  1252  B.t.u.  and  the  heat  in 
he  liquid  above  32  deg.  at  160  deg.  is  128  B.t.u.,  leav- 
ng  1124  B.t.u.  as  the  total  amount  of  heat  introduced 
er  ])ound  of  steam  on  the  water  system. 
For  the  steam-heating  system  the  total  heat  at  140  lb. 

I~lbsolute  is  1192.2  B.t.u.  per  lb.,  and  the  total  heat  in 
ihe  liquid  above  32  deg.  at  50  deg.  is  18.  Thus  1174 
B.t.u.  per  lb.  of  steam  is  introduced.  Even  if  exhaust 
team  is  provided  from  some  source  to  heat  the  feed 
vatiT  in  the  case  of  steam  heating,  this  heat  should  be 
■barged  in  making  a  fair  comparison. 

The  amount  of  heat  actually  introduced,  including 
)ower  and  heating  on  the  water  system,  is  50  B.t.u.  less 
ijhan  on  the  steam  system.  The  loss  in  the  mains  per 
pound  of  steam  distributed  vmder  average  conditions  for 
he  steam  system  would  be 


1,749,982 


=  38.9  h'./.ii.  /»■)■  III. 


45,000 

Phe  loss  on  the  water  system   would   \n 

3,341,418       ..,   -,  , 

=  oi  M.t.H.  per 


lb. 


45,000 

j'fhe  total  heat  in  the  vapor  at  atmospheric  ]M-essure  is 
!;)70  B.t.u.,  which  is  all  that  is  available  for  heating.  If  a 
Ingher  pressure  is  used  by  the  customer  the  loss  in  the 
u'ondensation  will  be  greater  and  the  latent  heat  less.  As 
Ihe  condensation  is  metered  the  loss  is  entirely  up  to  the 
pustomer.  The  heat  in  the  steam  system  available  for 
liieating  is  the  total  heat  of  the  steam  at  125  lb.  gage 
less  that  in  the  water  at  212  deg.  less  the  loss  in  the  line 
jper  pound  of  steam,  or  39  B.t.u.    Thus 

1192  —  (180  -f  39)  =  973  B.t.u. 
is    available.     The    per   cent,    of   heat    recovered    on    the 
steam  system,  providing  all  heat  less  the  calculated  line 
loss  is  delivered  to  the  customer,  would  be 

^^-  =  82.9 
1174 

In  the  water  system  the  latent  heat  in  the  va])or  at  160 
deg.  temperature  and  20  in.  df  xacuum  is  1001.6  B.t.u., 


and  deducting  the  loss  in  nuiins  of  52  B.t.u.,  the  total 
heat  delivered  would  be  949.6  B.t.u.  per  lb.,  giving  an 
efficiency  of 

949.0 
l^,) ,    =  84.. J  per  ri'iif. 

The  amount  of  heat  available  for  power  per  pound  would 
be  the  total  heat  at  150  lb.  gage  and  100  deg.  superheat, 
or  1252  B.t.u.  less  the  total  heat  at  20  in.  of  vacuum  or 
1130.     This  would  give  for  power, 

1252  —  1130  =  122  B.t.u. 
and  the  total  etHciency  would  be 

949.6  -f  122 

^1  I.J  1 —    —  ''S--'  !"'>'  I'l'iit- 

From  these  figures  the  water  system  is  about  2  per  cent. 
more  efficient  and  in  adtlition  energy  is  obtained  for 
power.  This  difference  is  due  mainly  to  the  loss  in  con- 
densation to  the  sewer  on  the  steam  .system. 

The  flue-gas  temperature  would  be  considerably  higher 
in  the  case  of  the  superheated  steam  which  is  at  a  tem- 
perature of  about  466  deg.,  while  the  temperature  of  the 
saturated  steam  at  125  lb.  pressure  is  353  deg.  F.,  a  dif- 
ference of  113  deg.  As  economizers  should  be  installed 
in  either  case  for  economical  operation,  the  total  evai)ora- 
tion  should  be  nearly  the  same  per  pound  of  fuel. 

There  are  5000  hr.  in  the  heating  season,  as  shown  by 
the  weather-bureau  reports.  The  same  evaporation  per 
pound  of  coal,  8  lb.,  will  be  used  for  both  steam  and 
water  systems.  The  available  kilowatts  from  the  average 
heating  load  of  45,000  lb.  per  hr..  will  be 

45,000 


20 


l-ibukw. 


and  deducting  365  kw.  for  pumping  will  leave  as  net 
availabU'  power  1K85  kw. 

Under  conditions  of  the  average  power  load  of  18.S5 
kw.,  utilizing  the  exhaust  steam  under  partial  vacuum, 
the  work  of  the  condenser  would  not  be  much  over  5  per 
cent,  of  the  requirements  of  full  vacuum  throughout  the 
entire  heating  season.  The  condenser  is  only  used  to 
regulate  the  vacuum  on  the  heater  due  to  fluctuations 
of  both  heating  and  power  loads  and  this  regulation  can 
easily  be  accomplished  while  other  machines  are  operated 
on  the  same  condenser  at  28  in.  of  vacuum.  When  the 
pumping  is  deducted  the  condensing  capacity  of  the  heat- 
ing system  is  obtained  at  no  expense. 

If  the  heating  and  power  plants  were  operated  sep- 
arately 5000  boiler  horsepower  would  be  required  or  2500 
for  each,  as  the  jieak  load  of  both  might  occur  at  the 
same  time.  With  75,000  lb.  of  steam  per  hr.  for  heating 
the  2250  kw.  would  be  obtained  at  a  steam  rate  of 


75,000 
~225(r 


33.33  ///.  per  kw.-hr. 


whicli  would  jirovide  for  the  turbines  exhausting  at  at- 
mospheric pressure  or  slight  back  pressure  in  zero  weather. 
Ix  1885  kw.  net  was  obtained  from  the  heating  steam, 
the  boiler  power  for  5000  kw.  peak  power  load  would  be 
on  the  bvproduct  ])lant 

Instead  of  2500  hp. 

2500  +  1401  =  3901  ///(. 
would  be  all  that  would  be  required  for  both  j)eaks  on  the 
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byproduct  plant,  a  saving  of  practically  llOii  l)oiler  horse- 
power in  installation.  As  these  peaks  would  come  at  the 
same  instant,  only  a  small  percentage  of  the  time  the 
spare  boiler  power  would  be-  more  than  ample  under  av- 
erage conditions. 

Tlie  cost  per  hor.sepowcr  installed  fur  tiie  high-pressure 
steam  system  will  be  as  follows : 


Boilers 

Building 

Piping 

Economizer  and  draft  equipment . 


The  cost  of  water  at  $1  per  1000  cu.ft.  on  an  average 

load  of  45,000  llj.  i)er  hr.  will  be 

45,000  X  5000      ^.,,.,„, 

— I =§3600  per  seasoa 

62.5  X  lOOU  ^ 

The  cost  of  10c.  per  1000  lb.  of  steam  at  8  lb.  evaporation 
given  by  Mr.  Ballard  is  low  for  most  localities  and  repre- 
sents a  coal  cost  per  short  ton  of  $1.60.  The  total  in- 
vestment for  the  steam  system  will  be: 

2500  boiler  horsepower  at  $45 $112,o00 


Total $178,050 

Assuming  a  byproduct  plant  with  an  average  load  of 
2000  kw.  and  5000  kw.  as  the  maximum,  or  a  load  factor 
of  40  per  cent,  as  per  ilr.  Ballard's  paper,  the  cost  of  the 
hot-water  heating  cquij)nient  will  be 


Pipe 

Fittings,  valves  and  expansion  joint.s 

Excavation  and  back  fOl 

Miscellaneous  material 

Repairing  2000  ft.  at  $1.20;    13,700  ft.  at  $1    1.1 

Conduit  and  covering 

Steam  fitting  labor 

Heaters,  pumps,  piping  in  power  house 


$52,910 
17.303 
1.3,000 
12,400 
18,155 
48,566 
6,000 
30,000 


loOO-hp.  boilers  at  S45  67,.500 

$265,834 

In  utilizing  e.xhaust  steam  from  power  the  fuel  charge 
for  heating  will  be  the  difference  in  steam  required  to 
operate  the  engines  on  reduced  vacuum  at  an  average 
lu  this  case  of  30  lb.  per  kw.-hr.  and  that  required  to  op- 
erate the  engine  for  the  same  power  load  at  full  vacuum, 
or  15  lb.  The  operation  at  full  vacuum  represents  the 
exhaust  steam  saved  for  heating.  The  full  rate  is  charged 
for  the  pumping  as  this  is  practically  live-steam  oper- 
tion. 

The  cost  of  o]X'ratioii  on  the  steam  system  would  be 

Interest  and  depreciation,  10  per  cent $17,S05 

Extra  maintenance  on  steam  system  due  to  steam  traps 1,000 

45,000  lb.  steam  5000  hr.  at  10c 22,500 

Water 3,600 

Plant  labor — three  shifts,  three  firemen  at  $60  p' 
One  man  in  charge  all  the  year  at  $1200 


hfo 


Total. 


The  cost  of  operation  on  the  iiot-watcr  .-.system  would 
be 

Interest  and  depreciation  10  per  cent $26,583 

Cost  of  pumpage  365  kw.-hr.  at  20  lb. — 10c.  per  1000  lb.  for  .5000  hr. .  .  3,650 

1885  kw.-hr.  at  (20 — 15  lb.)  .5000  hr.  at  10c.  per  1000  lb.  of  steam.  .  .  .  4,712 
Labor  for  heating  plant — will  be  three  sliift.s,  two  firemen  for  7  months 

at  $60  per  month 2,520 

Total $37,465 

This  shows  a  saving  .in  operating  co.-^t  fur  the  liot-wat^r 
byproduct  over  the  steam  system  of 

.$49,905  —  $37,455  =  $13,440 
per  year,  or  a  saving  of  25  per  cent.     On  the  difference 
in  investment  the  $12,440  would  pay 

12,440  ^  ,  ^ ,  , 

265,834-178,050=  ^^•^'^^^^•^^"^- 

If  the  price  of  coal  should  increase  50  per -eeut.,  or  to 
$2.40  per  ton,  the  additional  cost  of  fuel  on  the  steam 


system  would  be  about  $11,250  per  year.  The  total  up. 
crating  expense  would  then  be  $61,155  On  the  water 
system  the  additional  charge  would  be  $4200  per  year, 
making  the  total  $41,665.     Then 

$61,155  —  $41,665  =  $19,41)0 
19,490 


784 


=  22.2  per  cent. 


the  saving  on  the  additional  imestment. 

It  is  well  within  the  realms  of  possibility  that  the  jirice 
of  steam  coals  will  increase  in  cost  in  a  greater  ratio  than 
domestic  sizes  and  the  analysis  shows  that  this  increase 
in  cost  of  fuel  will  not  detract  from  the  financial  .stand- 
ing of  the  hot-water  byjiroduct  plant,  while  it  might 
reduce  the  high-pressure  steam  plant  to  a  nonpaving 
liasis. 

If  250,000  .sq.ft.  is  the  total  connected  load  uii  the 
liot-water  and  steam  systems  the  cost  per  square  foot  per 
sea.son  with  coal  at  $1.60  and  $2.40  per  ton  of  2000  lb. 
without  any  profit  or  administration  charge  are  found 
in  Table  4.  The  cost  per  1000  lb.  of  steam  distributed 
with  an  average  load  of  45,000  lb.  of  steam  per  hour  is 
also  given  for  both  .systems.  Taking  7  lb.  evaporation 
as  the  equivalent  efficiency  of  domestic  coal.  Table  4  gives 
the  price  per  ton  that  the  latter  would  co.st  to  equal  the 
central-station  cost  without  ],'rofit  or  administration 
charges. 


Coal  $1 .  60  per  ton  2000  lb. 

Cost  per 

Cost      Price  Domes-       Sq.Ft. 

per         tic  Coal  per  with 

1000       Ton  Equiva-      250,000 

lent  to  Central     Sq.Ft. 


Coal  $2.40  per  ton  2000  11 1 

Co^t  per 
Cost  Price  Domes-  .Sq.Ft. 
per        tic  Coal  per  with 

1000      Ton  Equiva-      2.50,000 
lent  to  Central     Sq.Ft. 


Steam,  Station  Cost,  Connected    Steam,  Station  Cost,  Ojnn-cted 

Cents           Dollars  Load,  Cts.    Cents         Dollars  Load.  Ota. 
Steam 

System  ..  22 .  18              3  10  19.96           27.2             3  81                24    »; 
Hot  Water 

System..    16.65             2.33  14.986         18.52         2. .594                ir,  7 

A  successful  central-heating  plant  should  be  able  to 
distribute  the  heat  to  the  consumer  at  a  cost  including 
profit  and  all  charges  at  about  the  price  of  domestic  coaJ.i 
In  giving  the  price  per  square  foot  per  season  for  the 
hot-water  system  it  is  understood  that  the  steam  surface 
being  at  a  slightly  higher  temjjerature  than  the  water 
will  do  more  Avork,  hut  as  an  increase  in  the  connected 
load  would  decrease  the  price  per  square  foot,  both  water 
and  steam  ivere  taken  at  the  same  figure.  The  byproduct 
plant  appears  to  be  the  best  investment.  An  increase 
in  steam  consumption  on  the  turbine  at  full  vacuum 
would  not  destroy  the  relation  as  the  saving  would  be 
greater  on  the  same  percentages. 

Xo  live-steam  operation  is  charged  on  the  water  .<y.-temi 
and  none  would  be  necessary  if  the  power  load  was  as 
stated.  If  50  per  cent,  of  the  .steam  were  required  di- 
rect from  the  boilers  100  days  of  4  hr.,  or  22,000  11).  for 
400  hr.  at  10c.  per  1000  lb.,  it  would  amount  to  unlyl 
$880,  which  would  not  seriously  affect  the  final  con- 
clusions. 


In  honor  of  the  recent  visit  made  to  Germany  by  the 
American  Society  of  Mechanical  Engineers  upon  invitation 
of  the  Verein  Deutscher  Ingenieure.  the  latter  organization 
has  prepared  a  guide  book  of  171  pages.  This  book,  which  ia 
printed  in  English  and  German  on  facing  pages,  describes  the 
points  of  interest  in  each  locality  to  be  visited,  laying  par- 
ticular stress,  of  course,  on  matters  relating  to  engineer! 
and  technical  education.  The  Itinerary  shows  that  the  .4meri- 
can  delegates  arrived  at  Hamburg  on  June  19  and  that  the 
official  visits  and  receptions  terminated  at  Munich  on  July  8. 


July  29,   1913 
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N.  A.  S.  E.  Convention 

The  old  question,  which  was  presumably  settled  several 
years  ago,  regarding  the  frequency  of  the  national  con- 
ventions of  the  National  Association  of  Stationary  Engi- 
neers, has  been  resurrected.  Shall  they  continue  to  be 
held  annually  or  only  every  other  year? 

At  the  recent  state  meeting  in  Milwaukee,  as  noted 
on  another  page.  National  Secretary  Fred  Raven,  men- 
tioned the  principal  argument  for  biennial  conventions, 
the  money  saved  in  railroad  fares  for  the  delegates  being 
available  for  other  useful  purposes,  such  as  educational 
work,  publicity  in  relation  to  the  need  of  boiler  inspection 
and  engineers'  license  laws,  etc. 

We  do  not  quote  the  secretary  with  the  intent  of  giv- 
ing the  impression  that  he  has  declared  himself  in  favor 
of  the  biennial  as  against  the  annual  meeting.  We  do  not 
know  his  position  on  the  question.  We  are  not  sure  of 
our  own,  but  if  discussion  is  in  order  on  the  topic  we  have 
a  few  thoughts  we  would  like  to  submit  for  consideration. 

As  Mr.  Raven  also  said  the  a.ssociation  needs  to  be  upto- 
date  and  employ  modern  methods  quite  as  much  as  any 
business  institution  if  it  is  to  progress.  On  that  point 
certainly  all  are  agreed.  Now  then,  can  it  be  shown  that 
it  is  better  biTsiness  to  adhere  to  the  annual-meeting  idea  ? 

Take  as  an  illustration  a  somewhat  parallel  case,  one 
related  to  the  advertising  policy  of  a  growing  business. 
Here  is  a  man  making  an  excellent  product  only  fairly 
well  known,  its  worth  not  being  appreciated  by  a  very 
large  share  of  the  possible  number  of  users.  Because  the 
orders  do  not  happen  to  be  coming  in  as  briskly  as  he 
would  like,  suppose  this  man  says  he  will  curtail  his  ad- 
vertising and  save  money. 

What  happens?  Well,  wliat  happens  when  any  bad 
conditions  are  neglected?  "The  operation  was  a  success 
— but  the  patient  died."  When  your  steam  pressure  is 
falling,  you  do  not  cease  firing  to  save  money.  If  you 
want  more  steam  you  must  use  more  coal.  If  the  manu- 
facturer wants  more  business  he  must  extend  knowledge 
of  his  product.  If  the  X.  A.  S.  E.  wants  to  continue  to 
grow  in  size  and  influence  it  mu.st  keep  itself  before  the 
public,  and  is  not  the  annual  meeting  one  very  good  way 
of  doing  this?  True,  it  costs  money,  but  is  not  this 
money  well  invested?  If  meetings  were  held  less  fre- 
quently, would  not  the  actual  receipts  of  the  association 
dwindle  by  more  than  the  difference  saved? 

To  say  nothing  of  the  other  benefits  of  the  conventions, 
their  educational  value,  extension  of  the  individual's  cir- 
cle of  acquaintance  among  those  identified  with  the  same 
profession,  promotion  of  good  fellowship,  discu.ssion  of 
questions  of  scientific  interest  or  relating  to  general  wel- 
fare of  the  profession,  as  by  legislation,  etc.,  putting  it 
purely  on  a  selfish,  or  at  any  rate  commercial  basi.s,  do 
not  the  conventions  attract  new  members  as  much  or  more 
than  anv  other  one  thing  connected  with  the  association  ? 

No,  this  line  of  talk  is  not  forgetting  the  state  con- 
ventions that  would  go  on  just  the  same,  but  there  is  a 


far  greater  enthusiasm  brought  out  by  an  annual  meet- 
ing than  can  be  at  the  state  meetings.  There  is  a  feeling 
of  pride  and  gratification  that  comes  into  the  heart  of  a 
man  when  lie  gazes  about  him  and  sees  the  hundreds  and 
hundreds  of  men  from  all  over  the  country  all  enlisted  in 
the  same  contest  of  harnessing  the  forces  of  nature  to  the 
will  and  need  of  mankind.  Rather  high-sounding  words, 
but  really  they  do  not  seem  so  when  one  gets  to  the  con- 
vention and  gets  full  of  that  Fourth  of  July  feeling. 

As  we  said  earlier  in  this  editorial,  we  do  not  wish  to 
seem  to  be  advising  one  course  or  the  other  in  the  matter. 
All  we  are  concerned  for  is  the  best  interest  of  the  as- 
sociation ill  whatever  way  it  may  be  served.  We  are  con- 
fident that  the  association's  officers  will  do  the  wise  thing 
whatever  that  proves  to  be.  At  the  present  time  of  writ- 
ing we  are  from  the  extreme  interior  of  Missouri,  liow- 
ever,  on  the  question,  but  we  are  entirely  open  to  convic- 
tion. 

Purchasing  Coal 

In  discussion  following  a  paper  on  boiler-furnace  op- 
eration, read  before  the  Association  of  Building  Owners 
&  Managers,  at  its  recent  Cincinnati  convention,  the 
question :  "Is  it  advisable,  when  buying  coal  in  such 
amounts  as  three  thousand  tons  per  year,  to  purcJiase  it 
on  the  British-thermal-unit  basis  ?"  was  asked.  Of  course, 
the  reader  of  the  paper  said  it  was.    Let  us  see  why. 

At  four  dollars  a  ton  (2240  pounds),  and  using  three 
thousand  tons  per  year,  the  heat  loss  due  to  the  differ- 
ence between,  coal  having  an  average  of  13,500  thermal 
units  per  pound  and  that  having  an  averagv*.  of  11,000  is 
11,760,000,000  thermal  units.  Considering  that  seventy 
per  cent,  of  the  heat  units  in  the  coal  is  represented  by 
the  water  evaporated ;  seventy  per  cent,  being  a  fair  aver- 
age under  ordinary  good  operating  conditions,  the  money 
loss  is  over  fifteen  hundred  dollars ;  which  is  much  more 
than  would  be  necessary  to  defray  the  expense  of  analysis. 

The  big  point  about  this  question  is  that  it  is  another 
indication  of  the  fact  that  many  engineers  and  managers 
do  not  make  any  effort  to  determine,  even  approximately, 
what  kind  of  coal  they  are  buying.  So  many  seem  to 
think  because  they  buy  less  than  several  thousand  tons  of 
coal  per  year,  that  it  would  not  pay  to  have  the  fuel 
analyzed.  And  because  they  do  not  feel  justified  in  do- 
ing so,  they  take  no  steps  whatever  to  keep  track  of  the 
quality  of  coal  received,  except  to  occasionally  consider 
the  complaints  of  the  firemen  after  they  have  repeatedly 
reported  that  it  is  almost  impossible  to  keep  up  steam 
with  the  grade  they  are  using. 

One  may  get  the  average  coal  dealer  to  promise  many 
things  when  he  is  after  a  big  order,  but  unless  he  is  held 
by  something  stronger  than  a  mere  promi.se,  the  grade  of 
coal  furnished  is  likely  soon  to  fall  below  that  agreed 
upon  and  furnished  in  the  beginning.  How  may  one 
know  how  inferior  the  coal  is  unless  provided  with  means 
to  find  out?     The  firemen  will  not  comjilain  unlil  their 
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work  liL'conies  well-nigh  intolerable  under  conditions 
which  they  know  should  not  require  such  hard  work  if 
the  normal  grade  of  coal  were  being  used. 

There  are  few  plants  burning  so  little  coal  as  not  to 
warrant  a  wheelbarrow  and  a  couple  of  platform  .scales 
for  weighing  the  coal  and  feed  water  for  making  evapora- 
tive tests. 

It  is  not  necessary  to  make  such  evaporative  tests 
elaborate  to  find  out  if  there  i.s  a  material  difference  in 
the  grade  of  coal  furnished.  One  need  simply  try  to  have 
the  conditions  the  same  for  one  test  as  for  others;  dif- 
ferences in  the  quality  of  the  coal  will  be  readily  observed. 

The  engineers  of  a  community  may  find  it  difficult  to 
get  the  coal  dealers  to  acquiesce  to  supplying  coal  on 
specification,  but  when  the  dealers  find  that  those  who 
buy  the  bulk  of  their  product,  are  determined  to  buy  it 
on  something  more  than  a  "hit-and-miss"  basis,  they  will 
meet  the  new  conditions. 

New  York  Smoke  Ordinance 
Unconstitutional 

On  Fridav,  July  18,  the  Court  of  Special  Sessions  de- 
clared "unconstitutional  and  unreasonable"  Section  181 
of  the  Sanitary  and  Health  Code  under  which  the  Health 
Department  of  Xew  York  City  had  filed  nearly  one  hun- 
dred complaints  against  the  Xew  York  Edison  Co. 

This  section  reads:  "No  person  shall  allow  dense 
smoke  to  be  discharged  from  any  building,  vessel,  sta- 
tionary or  locomotive  engine,  or  motor  vehicle,  on  any 
place  or  premises  within  the  City  of  New  York  or  upon 
the  water  adjacent  thereto  within  the  jurisdiction  of  the 
city." 

The  decision  reads  in  part :  "The  section  is  unreason- 
able and  arbitrary,  because  of  its  unqualified  and  sweep- 
ing character,  condemning  as  a  nuisance  a  thing  that  may 
or  may  not  be  a  nuisance,  and  because  it  makes  no  pro- 
vision for  cases  where  compliance  is  imix)ssible." 

"The  use  of  furnaces  and  boilers  and  the  consequent 
emission  of  smoke  is  doubtless  necessary  to  the  enjoyment 
of  the  ownership  of  practically  every  building  within  the 
city  of  Xew  York."  As  a  further  reason  for  calling  the 
section  unreasonable  the  decision  states  that  ''it  applies 
generally  to  all  emission  of  dense  smoke  and  contains  no 
qualifying  clause  exempting  from  its  operation  cases 
where  it  might  possibly  be  shown  that  no  known  fuel 
consumer  or  device  could  have  prevented  such  discharge." 

This  latest  case  again  brings  out  the  fact  that  the 
smoke  ordinance  of  Xew  York  City  is  little  better  than 
no  ordinance  at  all.  With  all  due  respect  to  the  court 
judges  they  cannot  be  expected  to  know  as  much  about 
the  combustion  of  fuels  as  do  combustion  experts,  and  the 
interpretation  of  a  smoke  ordinance  should  be  in  the 
hands  of  those  competent  to  weigh  the  enormity  of  a 
violation  against  the  offender's  ability  to  comply. 

The  press  of  New  York  City  bewails  the  decision  of 
the  court  and  urges  Commissioner  Lederle  to  appeal  the 
case.  The  decision  may  be  an  ill  wind  that  will  blow  the 
city  much  good. 

Every  now-  and  then  there  is  a  many-voiced  protest 
tliat  this  or  that  company  is  violating  the  smoke  or- 
dinance. This  will  continue  so  long  as  there  is  no  or- 
ganized smoke-inspection  department  to  work  along  lines 
similar  to  the  one  in  Chicago. 


Commissioner  Lederle  imdoubtedly  feels  that  as  long 
as  he  is  health  commissioner  he  will  endeavor  to  prevent 
under  the  present  ordinance  the  presence  of  smoke  which 
is  injurious  to  health.  He  also,  perhaps,  feels  that  if  a 
smoke-inspection  department  were  created  it  would  not 
come  under  the  direction  of  the  health  department,  and 
for  that  reason  he  is  not  likely  to  encourage  the  creation 
of  that  much-needed  department. 

Xow  that  the  ordinance  has  been  declared  unconstitu- 
tional, thereby  putting  an  end  to  the  prosecution  of  of- 
fenders for  violation,  the  Bureau  of  Municipal  Eesear(  h 
should  bestir  itself  and  investigate  the  smoke  situatinn 
and  report  the  necessity  for  a  smoke-inspection  depait- 
ment.  Otherwise,  Commissioner  Lederle  will  appeal  the 
case  and,  undoubtedly,  a  higher  court  will  order  an 
amendment  of  the  ordinance  to  specifically  cover  points 
that  it  now  only  generally  covers. 

An  amended  ordinance  will  not  better  conditions  so 
long  as  there  is  no  recognized  department  and  trained 
inspectors  to  cooperate  with  offenders  and  assist  them  in 
obtaining  the  smokeless  combustion  of  the  lower  grades 
of  fuels  that  must  be  used  under  boilers  to  obtain  maxi- 
mum economy  of  operation. 

Nearly  every  city  of  any  importance  is  now  taking 
practical  steps  to  abate  the  smoke  evil.  Why  should  the 
metropolis  of  the  country,  with  its  millions  of  population, 
its  beautiful  buildings,  its  many  large  power  houses,  em- 
ploying excellent  engineers,  and  its  location  which  makes 
easy  the  procuring  of  any  kind  of  coal,  continue  to  hold 
sacred  an  archaic  smoke  ordinance  ? 

Xew  York  City  has  the  money,  the  means  and  the  men 
to  organize  a  smoke-inspection  department  that  will  meet 
any  condition  of  smoke  nuisance.  It  is  the  social  and 
moral  duty  of  the  Bureau  of  Municipal  Eesearch  to  show 
the  city  officials  how  to  organize  such  a  department. 

Two  practical  articles  dealing  with  the  attainment  of 
the  highe.st  economy  in  the  operation  of  steam  engines, 
are  to  be  found  in  this  issue.  The  first,  page  157,  de- 
clares that  valve  leakage  more  than  increased  cylinder 
condensation  accounts  for  falling  off  in  economy  at  light 
loads.  This  article  is  of  more  concern  to  designers  than 
operators.  Both  should  be  interested  in  the  experiments 
described  on  page  159  to  determine  the  effect  on  economy 
of  varying  the  compression  in  steam  engines.  The  re- 
sults controvert  earlier  beliefs  in  that  they  shov/  that 
compression  up  to  about  45  per  cent,  of  the  initial  ab- 
solute steam  pressure  is  advantageous.  Those  who  have 
not  already  read  these  two  articles  will  do  well  to  do 
so,  for  they  are  instructive. 

"The  thing  I  like  most  al)out  my  chief  engineer,"  said 
the  general  manager  of  a  large  plant,  "is  that  when  things 
go  wrong  he  reports  them  to  me,  but  not  until  he  has 
remedies  for,  or  has  corrected  the  troubles." 

That's  the  way  with  all  good  managers.  Xo  one  likes 
a  subordinate  that  waves  a  red  flag  in  announcement  of 
trouble.  It's  not  so  much  a  question  of  what's  wrong  as 
how  soon  will  things  be  running  again. 

Can  anyone  tell  why  in  most  plants  there  is  one  en- 
gine or  pump,  built  like  the  rest,  but  always  giving 
trouble  as  though  it  were  hoodooed? 
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Cutting  Pipe  under  Difficulties 

Two  pipe  bends  were  ordered  for  connections  from  two 
lew  horizontal  return-tubular  boilers  to  the  main  steam 
leader.  Between  the  header  and  the  pipe  bend  a  <)-iu. 
alve  was  to  be  placed,  but  through  an  oversight  in  urder- 
Qg  the  piping  the  space  to  be  occupied  by  the  valve  was 
,ot  taken  into  consideration ;  consequently  the  bends 
rdered  were  too  long.  The  mistake  was  not  discovered 
intil  the  pipe  arrived  at  the  plant.  In  cheeking  up  the 
liping  it  was  found  that  the  bends  were  too  long  by  just 
he  length  of  the  valve. 

Being  anxious  to  get  the  new  boilers  in  operation,  we 
lecided  to  get  out  of  the  trouble  if  ]iossiblc  without  re- 
uruing  the  bends  to  the  makers. 

Not  being  able  to  swing  the  bend  with  the  pipe  ma- 
hine  in  its  regular  position,  we  were  obliged  to  stand  the 
[lachine  on  end  so  that  the  bend  would  have  plenty  of 
oom  to  turn.  The  machine  was  held  in  position  by  be- 
ug  firmly  fastened  to  the  floor.  The  change  of  position 
f  the  pipe  machine  made  it  necessary  to  change  the  drive 
diich  was  easily  accomplished.  The  pipe  was  cut  and 
hreaded  in  mucli  quicker  time  and  at  less  cost  than  if  re- 
urned  to  the  makers. 

R()iii:iiT  J^dVE. 

Baltic,  Conn. 

Piping  for  Feed  water  Heater 

The  illustration  represents  tlie  heater  and  return-tank 
ayout  of  a  new  plant  which  is  supposed  to  be  in  accord- 
nce  with  the  latest  ideas  in  power-plant  design.  The 
)oint  that  I  wish  to  bring  out  in  the  installation  is  the 
nethod  of  draining  the  feed-water  heater. 

This  heater  is  connected  up  somewhat  diifereut  than 
nost  closed  heaters.  We  are  all  familiar  with  the  closed 
leater  A  placed  in  the  exhaust  line  from  the  engine, 
lifter  the  steam  has  passed  through  the  heater  it  goes  to 
he  heating  system  or  the  atmosphere.  In  this  plant  the 
,xhau.st  is  used  for  heating  during  the  cold  weather,  the 
eturns  being  piped  to  a  vacuum  pumj)  which  discharges 
uto  the  return  tank.  The  ])i])e  supplying  the  heater  with 
team  is  taken  otf  at  one  side  and  the  condensation  is 
upposed  to  be  taken  care  of  by  the  small  pipe  which  is 
hown  leading  to  the  trap  B.  From  the  trap  it  is  supposed 
|o  flow  up  the  pipe  /-*  into  the  return  tank  and  rise  to  a 
t'oint  5  ft.  above  the  trap  before  it  is  discharged.  By 
ipening  the  valve  F  this  water  can  be  discharged  to  the 
jump. 

I  It  is  desirable  to  save  all  the  condensate  as  the  cylin- 
ier  oil  has  been  separated  from  it  and  in  this  plant  the 
'ater  has  to  be  purchased  from  the  city.     Since  the  vac- 

um  system  of  heating  is  used,  there  are  times  when  the 

ressure  on  the  main  exhaust  line  and  also  in  the  heater 
>  but  slightly  higher  than  that  of  the  atmosphere.  Also 
he  heater  is  located  about  11.5  ft.  from  tlie  engine  so 
liiat  there  must  not  be  much  resistance  to  the  flow  of  the 


steam,  if  any,  if  it  is  going  to  raise  the  temperature  of  the 
feed  water  to  2\2  cleg.  This  has  been  well  provided  for 
by  an  exhaust  main  of  ample  size,  but  the  pipe  E  leading 
from  the  heater  to  the  trap  B  is  only  IV2  'n.,  which  is 
large  enough  if  there  is  sufficient  pressure  to  force  the 
steam  through. 

Supposing  that  liiere  is  force  enough  to  make  the  water 
flow  to  the  tra])  /.'  ii  is  going  to  require  considerable  more 
pressure  to  force  il  up  the  pipe  I)  and  then  over  into  the 
return  tank.  Thus  if  there  were  but  I/2  ll^-  pressure  on 
the  exhaust  line  there  will  be  a  poor  circulation  in  the 
heater,  and  this  has  worked  out  in  practice  in  just  this 
way,  for,  although  the  heater  is  higher  than  the  return 
tank,  there  is  enough  friction  added  to  the  weight  of 
the  column  of  water  in  the  pipe  D  to  keep  the  steam  from 
discharging  to  the  trap  B  unless  there  is  a  pressure  of  at 
least  2  lb.  on  the  heating  system. 

When  no  steam  is  re(|iiire(l  foi-  heating,  in  order  to  use 
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the  tra]i  4t  all  it  was  necessary  to  keep  the  back-pressure 
valve  closed  and  maintain  a  pressure  of  2  lb.  on  the  en- 
gine just  to  heat  the  feed  water ;  so  the  valve  F  was  opened 
and  it  was  found  that  enough  steam  would  flow  throtigh 
the  heater  to  heat  the  water  at  the  pressure  of  the  at- 
mosphere, but  this  caused  an  offensive  amount  of  vapor 
to  rise  into  the  pump  room  from  the  sump  well  so  the 
piping  was  changed  to  better  the  conditions  in  this  man- 
ner. 

The  riser  D  was  remoxed  aud  the  horizontal  part  of 
the  pipe  connected  to  the  pipe  E  at  a  tee  so  that  when 
no  steam  was  needed  for  heating,  it  could  blow  through 
into  the  heater  and  what  is  condensed  will  be  added  to 
the  feed  while  the  vapor  will  be  carried  to  the  roof  vent 
))il)e.  When  this  is  operating  in  this  way  the  valve  G 
is  kept  closed,  but  when  it  is  desired  to  run  the  heating 
system,  the  valve  G  is  opened  and  a  valve  placed  in  the 
connecting  pipe  is  closed  and  the  pipe  F  leading  from  the 
trap  B  is  continued  to  the  main  return  line  of  the  sys- 
tem so  that  the  trap  will  discharge  into  a  vacuum  and 
the  water  cannot  back  u]),  thus  keeping  the  heater  al- 
ways full  of  steam. 

The  arrangement  at  the  right  was  expected  to  drain 
the  main  exhaust  line  by  the  pipe  I  which  leads  into  the 
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trap  C  aud  formerly  discharged  into  the  return  tank 
through  the  pipe  J,  being  T^onneeted  to  the  ve-it  pipe  at 
the  point  L.  Under  very  low  pressure  the  iro  C  was 
always  full  of  water  and  did  not  do  its  woi.v  properly  so 
the  pipe  J  was  connected  to  the  main  return  pipe  of  the 
heating  system  and  thus  the  discharge  from  the  trap  (! 
is  taken  care  of  and  when  there  is  no  steam  required 
for  heating,  the  water  is  allowed  to  run  to  the  sumj) 
through  a  valve  placed  at  the  point  K. 

G.   H.   KnrBAi.i.. 
East    Dcdhani.    Mass. 

Operating  Plant  during  Flood 

The  photograph  shows  the  plant  of  the  Electric  Light 
&  Ry.  Co.,  of  this  city,  taken  at  the  crest  of  the  flood. 
At  the  time  the  picture  was  taken,  the  water  was  1^5  ft. 
above  the  engine-room  floor,  and  about  12  ft.  above  the 
boiler-room  floor. 

The  v,-ater  was  kept  out  by  Inilklieads  built  in  the  door 
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openings.     Six  i)umps  were  in  constant  operation,  pump- 
ing out  the  water  that  leaked  into  the  building. 

The  power  plant  was  in  constant  oiJeratiou  throughout 
the  flood,  which  .speaks  well  for  the  entire  operating 
force,  which  never  left  the  building  during  the  ten  days 
of  the  flood. 

Fraxk  0.   Browx. 

Portsmouth,  Ohio. 

Orsat  or  CO2  Recorder  Best? 

The  fact  being  established  that  flue-gas  analysis  is  in- 
ductive to  higher  boiler  efficiency,  progressive  engineers 
are  now  analyzing  flue  gases,  the  nuijority  using  either 
the  CO,  recorder  or  the  Orsat  apparatus.  There  appears, 
however,  to  be  a  difference  of  opinion  as  to  which  of  these 
two  is  the  better.  While  there  remains  no  doubt  but  that 
a  recording  instrument  of  any  kind  is  iisually  preferable 
to  a  nonrecorder,  the  CO.  recorder  as  it  is  today  leaves 
much  to  be  desired.  There  is  only  the  recording  feature 
to  recommend  it.  While  a  practically  continuous  record 
of  COo  is  desirable,  CO,  alone  does  not  indicate  efficiency. 


The  analyses  should  show  a  practical  absence  of  CO  as 
well  as  a  large  percentage  of  COj  to  indicate  high  effi- 
ciency. As  the  recorder  does  not  show  the  CO,  wliich 
is  detrimental  to  efficiency,  using  this  instrument  would, 
it  seems  to  me,  be  like  taking  indicator  cards,  and  omit- 
ting the  atmospheric  line. 

The  Orsat  apparatus,  on  the  other  hand,  has  m 
features  to  recommend  it.     While  it  does  not  give  a  uuu- 
tiuuous  record  it  can  be  used  to  analyze  a  reliable  avnr- 
age  sample.     If  the  boilers  were  operated  carelessly, 
several  hours  during  the  watch,  it  would,  of  cour- 
almost  impossible  to  tell  just  when  this  carelessness  (m;- 
curred,  but  at  the  end  of  the  watch  the  average  would 
]iaturally  be  lower  than  it  should  be.     A  sampling  bot- 
tle   jjroperly    set    up    would    lie    more    difficult    to    cheat 
than  a  recorder. 

,  AVith  the  Orsat  a  moi'e  complete  analysis  is  possible,  for 
it  gives  the  CO,,  the  0  and  the  CO.  There  are  other 
disadvantages  about  the  recorder.  One  is  the  fact  that 
tlie  continuous  flow  of  gas  through  the  solution  tends  to 
weaken  this  solution,  the  result  is  that  after  the  recorder 
has  been  in  operation  a  number  of  hotirs,  the  solution  is 
not  strong  enough  to  absorb  the  entire  amount  of  CO, 
in  the  gases,  and  the  percentage  of  CO,  will  vary,  though 
the  conditions  in  the  furnace  remain  practically  the  same. 

There  is  also  the  first  cost  of  the  recorder  to  be  con- 
sidered along  with  the  fact  that  it  is  a  delicate  piece  of 
apparatus  easily  broken  when  an  inexperienced  hand 
gets  at  it.  The  Orsat  apparatus,  on  the  other  hand,  rusts 
but  little,  aud  one  apparatus  is  all  that  is  necessaiy.  ir- 
respective of  the  number  of  boilers.  Sampling  bottlo  ;iiv 
cheaply   replaced    if  broken. 

A.   FOHL.MAX. 

Brooklyn,  N.  Y. 

Testing  for   Approximate    Heat    Value 
of   Coal 

The  question  sometimes  ari.ses  as  to  what  will  be  the 
cheapest  coal  to  use  in  a  given  plant.  What  coal  will 
evaporate  the  most  water  per  dollar  under  actual  run- 
ning conditions? 

To  answer  the  above  question  I  have  frequently  made 
the  following  simple  test,  which  may  be  made  in' almost 
any  plant  without  much  expense  for  equipment.  This 
test  is  of  value  only  as  a  comparison  test  as  there  is  an 
error  in  measuring  the  feed  water,  Ijut  this  error  can  be 
made  practically  constant  for  the  different  tests  and  its 
only  effect  will  be  to  show  a  greater  evaporation  than 
actually  takes  place,  and  for  this  reason  I  shall  call  the 
evaporation  as  fouuil  liy  this  test  the  apparent  evapora- 
tion. 

The  equipment  necessary  for  the  test  includes  scale.'' 
to  weigh  coal  and  ashes,  a  thermometer  placed  in  the 
feed-water  heater  or  feed  line  and  a  counter  for  record- 
ing the  number  of  strokes  of  the  pump.  Before  starting 
the  test,  see  that  the  pump  is  properly  packed,  that 
the  valves  are  in  good  condition,  that  the  pump  is  also 
in  ordinary  working  order,  and  that  the  blowoff  valves  ar3 
tight.    The  test  should  cover  a  period  of  at  least  24  hr. 

Wlien  starting  the  test  have  the  a.«hpits  clean  and  note 
the  condition  of  the  fire  and  the  height  of  the  water  ir 
the  glass.  Xote  the  pump  revolution  counter,  thermom- 
eter and   steam-gage  readings.     Repeat  these  readings 
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ery  hour  during  the  test.     Weigh  tlie  coal  used  and  all 

h  and  clinker  formed  during  the  test  period.   At  the  end 
the  test  have  the  ashpits  clean  and  the  height  of  the 

re  and  water  the  same  as  when  the  test  began. 
The  reading  of  the  revolution  counter  at  the  beginning 
the  test  subtracted  from  the  final  reading  multiplied 
the  total  pump  displacement  in  cubic  inches  for  one 

idication  of  the  counter,  divided  by  231  and  multiplied 

Iy-  8^  gives  the  pounds  of  water  apparently  evaporated. 
jhe  average  steam  pressure  and  feed-water  temperature 
re  ne.xt  found  by  adding  together  the  hourly  readings 
fid  dividing  by  their  number.  From  a  table  of  factors  of 
(laporation  the  factor  for  the  average  steam  pressure  and 
bed-water  temperature  is  found  and  the  pounds  of  water 
pparently  evaporated  m;.!tiplied  by  this  factor  gives 
fie  pounds  of  water  appart  tlv  evaporated  from  and  at 
12  deg.  r.,  which  divided  •  the  total  pounds  of  coal 
sed  gives  the  pounds  of  water  apparently  evaporated 
|er  pound  of  coal.  This  result  multiplied  by  the  number 
i  pounds  of  coal  that  one  dollar  will  buy  gives  a  stand- 
rd  of  comparison. 

The  percentage  of  ash  and  clinker  is  easily  found  by 
ividing  the  weight  of  asii  and  cliukcr  by  the  weight  of 
he  coal. 

My  HON    1).  I'lacuv. 
Foxboro.  Mass. 

The  Value  of  Graphite 

Eecently  I  had  impressed  on  me  the  good  qualities  of 
raphite  for  cooling  and  preventing  the  cutting  of  engine 
ylinders  and  bearings. 

The  high-i^ressure  cylinder  of  a  horizontal  triple-ex- 
)ansion  tandem  engine  gave  trouble  with  the  lubrication 
if  both  Corliss  valves  and  cylinders  when  the  full  super- 
leat  of  450  deg.  F.  with  160  lb.  pressure  was  supplied 
0  the  engine  which  was  considerably  overloaded.  This 
ugine  was  built  about  17  years  ago  and  is  not  of  a  favor- 
dile  design  to  deal  with  superheated  steam. 

It  wa.s  decided  to  try  mixing  a  little  graphite  with  the 
ylinder  oil  in  the  proportion  of  one  ounce  to  the  gallon 
)f  oil  with  the  results  that  after  nine  weeks'  application 
;he  valves  now  close  quicker  and  the  surfaces  of  all  rub- 
bing parts  are  very  smooth  and  we  now  run  with  full 
^u|-crheat  and  no  signs  of  the  valves  or  cylinder  walls 
iMill  ing  or  sticking. 

Tile  bearing  for  an  18xl3-in.  crankshaft  had  been  ad- 
jusled  and  ran  cool  for  the  first  hour,  after  which  the 
'"fun"  suddenly  started.  Castor  oil,  which  is  used  on 
iiicsc  bearings,  simply  ran  out  like  water,  or,  at  least,  that 
rail  out  which  did  not  go  up  in  vapor.  It  was  seen  through 
ilic  hole  in  the  top  of  bearing  cap  that  the  bronze  and 
shaft  were  cutting  badly,  so  as  a  last  resource  graphite 
was  njixed  with  cylinder  oil  in  the  proportion  of  a  small 
ibox  (2x2x'Vi  in.)  full  to  a  pint  of  oil.  On  pouring  in  the 
first  dose  the  results  were  very  plea.siiig.  The  bronze  im- 
mediately stopped  tearing  and  the  shaft  commenced  to 
polish.  This  treatment  was  continued  for  nine  hours, 
the  graphite  being  cut  down  to  the  above  quantity  added 
to  a  gallon  of  oil  after  the  first  two  hours,  the  cylinder 
oil  being  gradually  cut  out  after  about  four  hours  and 
castor  brought  into  use.  During  this  time  a  stream  of 
cold  water  was  kept  running  on  the  crank  webb  and  an- 
other on  the  shaft  to  draw  the  heat  out.  Xo  water  being 
put  into  tlie  bearing.     Xow  this  bearing  has  a  better  sur- 


face than  it  ever  had  and  is  running  cooler  than  before. 

The  nature  of  our  output  requires  that  the  engine  be 
kept  running  at  full  speed  all  the  time.  We  estimated 
that  about  $750  was  saved  by  not  stopping  the  engine 
to  cool  the  bearing,  which  would  have  been  necessary 
only   for   the   graiihite. 

E.  Edwaku. 

Eochdalc.  Kng. 

Air-Compressor    Trouble 

Herewith  are  diagrams  taken  from  the  low-pressure 
side  of  a  two-stage  compressor,  with  lylinders  I8I/4XIII/4X 
14  ill.,  compressing  air  to  a  final  pressure  of  100  lb.  gage. 
Lately  the  intercooler  pressure  has  fallen  considerably 
and  varies  with  the  speed,  as  shown  by  the  diagrams.  It 
is  evident  that  there  is  a  leak  on  the  low-pressure  side 
of  the  intercooler  and  I  have  tried  the  indicator  to  see 
whether  or  not  it  would  point  to  the  trouble.  Befor(! 
using  it  the  gage  was  tested  on  a  dead-weight  tester  and 
its  accuracy  assured.  Both  diagrams  were  taken  from 
the  same  cylinder  with  the  same  reducing  motion,  one  at 


Fig.  1.    li.iMM.,  25;  Scali:,  2() ;  Final  I'hessuue,  1)9  Lb.; 
Intekcooler  Phessure.  12%  Lb. 

25  r.p.m.,  and  the  other  at  145  r.p.m.  Each  diagram 
fairly  represents  the  extreme  condition,  as  the  highest 
speed  of  the  compressor  is  about  156  r.p.m.  The  differ- 
ence in  the  lengths  of  the  diagrams  is  2{J  —  21/^  =  ^\ 
in.  After  taking  the  diagrams  I  found  that  this  was  due 
to  the  cord,  which  proved  to  be  more  or  less  elastic. 

The  compressor  is  running  under  good  conditions,  so 
far  as  cooling  water  for  jackets  and  the  intercooler  is 
concerned,  and  the  air,  when  the  compressor  is  running 
slowly,  leaves  the  intercooler  at  a  lower  temperature  than 
the  outside  atmosphere  at  this  time  of  the  year,  and  doc:S 
not  rise  much,  if  any,  above  it  when  running  up  to  ful'. 
speed. 

The  compressor  is  an  old  machine,  although  it  is  in 
fairly  good  condition.     The  ])resent  trouble  appears  to  be 
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a   leak  either  through    tJie   jiacking  oi'   valves.      I   would 
be  glad  to  hear  from  readers  on  the  troulile. 

W.  L.  Shawkey. 
Youncfstown,  Ohio. 
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Heat  Lost  in  Flue  Gases — II 


The  flue-gas 


l',s'i'i.\i.vriN(i 
lahsis 


NrnaxiKN 


as  made  according  to  the  direc- 
tions given  in  previous  k'ssons  gives  the  percentage  by 
Yohinie  of  carbon  dio.vide  (CO.,),  oxygen  (0)  and  carbon 
monoxide  (00).  In  addition  to  these  there  exists  water, 
in  the  form  of  superlieated  steam,  nitrogen  and  sometimes 
liydrogen  and  various  hydrocarbons.  The  steam  con- 
denses and  only  a  little  of  it  gets  to  the  flue-gas  apparatus. 
All  the  other  constituents  except  the  nitrogen  form  a 
small  percentage  of  the  total  volume.  Partly  because  of 
this  fact  and  partly  because  it  i.s  difficult  to  detect  and 
measure  them,  they  are  usually  ignored  entirely.  Thus, 
the  difl!erence  between  100  and  the  sum  of  the  percent- 
ages of  C0„,  0  and  CO  is  taken  as  the  percentage  of 
nitrogen  (X)  contained  in  the  flue  gas. 

To  illustrate,  if  the  flue-gas  aiuilysis  shows  11  per  cent. 
CO,,  8  per  cent.  0  and  0.8  per  cent.  CO,  the  percentage 
of  nitrogen  in  the  flue  gas  would  be  taken  as 
100  —  (11  -f  8  -f  0.8)  =  80.3 

This  practice  is  followed  because  there  is  no  liquid  or 
chemical  solution  capable  of  combining  and  absorbing 
nitrogen  like  CO,,  0  and  CO  are  combined  and  absorbed. 

With  equal  temperature  and  pressure  CO.  has  the  same 
\olum«  as  the  oxygen  required  for  its  combustion.  That 
is,  if  it  requires  30  cu.ft.  of  pure  oxygen  at  a  certain 
temperature  and  atmospheric  pressure  to  completely  burn 
a  pound  of  pure  carbon  the  CO^  formed  will  have  a  vol- 
ume of  just  30  cu.ft.  when  cooled  down  to  the  tempera- 
ture at  which  the  oxygen  "was  mcas*ired.  The  volume  of 
carbon  monoxide  is  twice  that  of  the  oxygen  required  in 
its  formation.  Thus,  the  sum  of  the  percentage  of  CO, 
and  0  and  one-half  the  CO  should  always  equal  21  (the 
percentage  by  volume  of  oxygen  in  the  air)  when  carlion 
alone  is  the  combustible.  But  in  the  average  plant  carbon 
is  rarely  the  only  combustible  in  the  fuel ;  it  is  almost 
always  accompanied  by  hydrogen. 

When  hydrogen  burns  it  forms  steam  which  practically 
all  condenses  and  never  gets  to  the  flue-gas  apparatus. 
Thus,  the  hydrogen  sidetracks  the  oxygen  of  the  air  re- 
quired for  its  combustion  but  leaves  the  nitrogen  to  pass 
on  to  the  flue-ga.s  apparatus  along  with  the  nitrogen  of 
the  air  required  for  the  combustion  of  the  carbon.  The 
result  is  that  the  sum  of  the  three  oxygen  constituents  of 
the  flue  gas  (CO,,  0,  CO)  do  not  add  up  to  21,  but  to 
some  smaller  figure,  the  exact  value  of  which  depends, 
of  course,  upon  tl>e  quantity  of  available  hydrogen  con- 
tained in  the  fuel. 

Using  the  data  given  in  the  last  lesson  for  coal  and 
flue-gas  analysis  in  thi.s  lesson,  the  formnla  for  estimat- 
ing the  weight  of  flue  ga.ses  formed  per  junuid  of  fuel 
Ininicd  works  out  thus 

/     80  3     \ 
W  =  3.032  X  0.779  (,,    ,\  ^]  -|-  (1  —  0.0(!3)  =  17  Jh 


11  -I-  0.8^ 

Assuming  that  the  temperature  of  the  gases  as  they 
leave  the  boiler  is  520  deg.  F.  and  that  the  temperature 


of  the  air  entering  tlie  furnace  is  <()  deg.,  the  formula 
For  calculating  the  heat  lost  up  the  chimney  in  the  flue 
gases  wouUl  work  out  thus 

L  =  0.24  X  17  (520  —  70)  =  1836  B.t.ii. 
If   the   coal   in  the  foregoing  illustration   had   a   luiit 
value  of,  say,  13,200  B.t.u.  per  pound,  as  fired,  the  ]«  r- 
ceMtage  of  heat  lost  with  the  flue  gases  wotild  be 

,— V^  X  1(«»  =  13. !i  per  rent. 
13,200  ^ 

Ratio  of  Aik  Supplied  to  Air  Required 
Tt  is  often  desirable  to  know  what  the  ratio  is  between 
the  amount  of  air  actually  supplied  per  pound  of  coal 
and  the  amount  theoretically  required.    This  can  be  esti- 
mated by  means  of  the  following  simple  equation : 

A' 

:y_  (:5.-,s  X  ()) 

where  B  equals  the  ratio  of  the  air  supplied  per  pouml 
of  fuel  to  the  amount  theoretically  required  and  A'  ami  o 
equal  the  percentage  by  volume  of  the  nitrogen  and  oxy- 
gen, respectively,  in  the  flue  gases,  as  shown  by  the  an- 
alysis. 

Using  the  data  jireviously  given  the  ratio  would  be 

80.2 


R 


E  = 


80.2 


=  l.(j 


(3.78  X  8) 

This  means  that  for  every  pound  of  air  required  by  tin 
coal  1.6  lb.  was  supplied.  Hence,  the  percentage  of  ex 
cess  air  is 

1.(5  —  1 
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Measurinc;  Fiae-Uas  Temperature 

Thermometers  with  a  range  up  to  212  or  a  little  higher 
are  cheap  enough  that  no  difficulty  need  stand  in  the 
way  of  measuring  the  temperature  of  the  air  entering  the 
furnace;  that  is,  the  air  in  the  boiler  room.  But  as  the 
temperatures  to  be  measured  get  beyond  500  deg.  F., 
which  is  often  the  case  with  flue  gases,  the  cost  of  the 
pyrometer  (the  name  used  for  high-range  thermometei- 1 
begins  to  be  an  important  consideration.  In  some  phmis 
the  expense  of  puri'hasing  a  standard  form  of  pyrometer 
may  not  be  warranted,  in  others  it  may  be  impossible 
to  show  the  management  the  advantage  of  keeping  imi- 
stant  records  on  the  flue-gas  temperature.  In  such  ca>e- 
the  engineer  may  and  should  for  his  own  benefit  provide 
himself  with  the  means  of  making  an  occasional  observa- 
tion (if  the  flue-gas  temperature.  This  he  can  do  at  rea- 
sonably moderate  cost. 

noMi:-]\lAi)E  Apparatus 

Xumerous  means  are  available  but  only  one  will  he 
presented  here.  The  required  equi]iment  consists  of  the 
hoHib  shown  in  Fig.  2.  and  a  chemical  thermometer  hav- 
ing a  range  of  1000  deg.  F.  The  latter  may  be  procured 
iif  any  chemists'  glassware-stipply  house  at  a  cost  of  from 
•$")  to'$10. 
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Th(?  bomb  cuii.sists  of  a  length  of  4-iii.  pipe  capped  at 
>iie  end  and  a  length  of  l/4-iii.  pipe  extending  through 
the  center,  as  shown,  to  serve  as  the  thermometer  well. 
•>and  is  packed  in  about  the  y^-in.  pipe  and  held  in  place 
ly  means  of  a  layer  of  plastic  asbestos  at  the  open  end. 
The  length  of  the  pipes  is  determined  by  the  length 
f  the  thermometer.     The  V-i-in-  pipe  should  be  of  such 

length  that  when  the  thei'mometer  is  inserted  it  will 
be  inclosed  as  high  as  the  400-deg  point  on  the  scale. 
The  4-in.  pipe  should  be  fi  in.  longer,  as  shown.  A  bail 
bf  wire  or  thin,  narrow  flat  iron  attached  as  shown  com- 
pletes the  bomb. 

When  it  is  desired  to  take  the  temiierature  of  the  flue 
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Sand  Bomb  axd  Thekmoiikter  for  Measur- 
ing Tlue-Gas  Temi'ehature 


gases,  the  bomb  (without  the  thermometer)  is  hung  in 
the  middle  of  the  path  of  the  flue  gases  as  near  to  the 
point  at  which  they  leave  the  boiler  as  conveniently  pos- 
sible. After  a  half  to  three-quarters  of  an  hour  the  bomb 
is  removed  and  the  thermometer  inserted  as  quickly  as 
possible.  In  a  few  seconds  the  thermometer  will  indicate 
the  temperature  of  the  sand  which  will  lie  practically  the 
same  as  that  of  the  flue  gases. 

I'l; Acrici';   rKom.K.Ms 

From  the  following  data,  estimate  the  percentsge  of 
excess  air  supplied  to  the  furnace,  the  number  of  B.t.u. 
carried  up  the  chimney  by  the  flue  gases  and  the  per- 
centage of  loss  based  on  the  heat  value  of  the  coal. 

Proximate  analysis  of  coal,  moisture,  4.5  per  cent. : 
volatile,  18.6  per  cent. ;  fixed  carbon,  65.3  per  cent. ;  ash, 
11.7  per  cent.;  B.t.u.,  13,160.  Flue-gas  analysis,  COj, 
6.3  per  cent.;  0,  11.7  per  cent.;  CO,  0.4  per  cent.  Tem- 
perature of  air  in  boiler  room,  75  deg. ;  temperature  of 
gases  leaving  boiler,  515  dcg. 

If  the  above  coal  costs  $3.1(1  per  net  ton  (3000  lb.) 
and  if  under  the  present  conditions  6300  tons  are  con- 
sumed per  year  what  would  he  the  yearly  saving  ef- 
fected if  the  average  percentage  of  CO.  were  raised  to 
10.7  and  the  0  reduced  to  7.3,  other  conditions  remaining 
the  same? 


OVER   THE   SPILLWAY 

JUST      JESTS,     JABS,     JOSHES      AND     JUMBLES 


Uncle  Sam  has  buUt  a  brand  new  guvcrnraent  drodge  to 
be  used  in  the  JacksonvUIe,  Fla.,  district,  and,  says  a  local 
paper,  it  is  equipped  with  "two  Heine  compound  condeneingr 
boilers."  Every  time  we  I'ead  anything-  like  this  we  are 
reminded    of  William    Tell's   brother   Wat. 


In  its  "Instructions  to  Foremen."  a  mining  company  says: 
"If  you  see  a  man  violating-  your  instructions  or  taking 
chances  that  make  him  liable  to  injury,  deal  with  him  so  as 
to  make  it  certain  he  will  not  again  disobey  orders."  Might 
order  him  shot  at  sunrise  or  drawn  and  quartered.  If  these 
are  irremedial.    why    not   fire   him? 


X  writer  in  the  "Electrical  Woi-ld,"  describing  the  Wool- 
worth  Building  elevators,  says  he  tested  the  safety  buffers 
with  the  car  descending  at  the  rate  of  1000  ft.  per  min.  and 
"found   it   perfectly   safe,  and   in   fact,    not   unpleasant." 

Elsewhere  he  states  that  if  one  of  the  high-lift  elevators 
were  to  drop  from  the  top  of  the  tower,  it  would  attain  a 
speed  near  the  bottom  of  the  shaft  of  nearly  140  miles  per 
hour,  equivalent  to  over  12,000  ft.  per  min.  Wond.r  if  the 
sensation   then   might  be    "not   unpleasant." 


"Punk,    piddy    plunk — piddy    punk,    plunk,    plunk, 

tj.  the  tail  of  the  spineless  pine!" 
Something  like  this  crawled  in  our  ears  while  down  to  a 
seaside  resortery  t'other  day  and  started  racing  over  our 
tympanums  at  1109  r.p.m.  Before  the  end  of  the  24-hour 
run.  we'll  be  gormed  if  we  didn't  wish  the  planner,  its  opei-- 
ating  engineer,  boiler,  flywheel  and  cylinder  head  would 
go  up  in  the  air  to  once.  (At  the  time,  we  consigned  the 
whole  nerve-racking  business  to  another  direction  -down.) 
If  you're  going  to  take  a  day  off  to  rest,  first  find  O'ai  if  the 
ragtime  fiend  holds  forth  in  that  place;  then  go  s:)mewhero 
else. 


It's  a  poor  time  to  borrow  money,  but  a  fine  time  to  lend 
it,  says  a  contemporary.  Yes.  and  it's  warmer  in  summer  than 
it  is  in  winter,  and  be  good  and  you'll  be  happy,  and —  Oh, 
shucks!  It's  all  right  to  keep  hammering  home  the  I  ruth,  but 
this  rubbing-it-in  business  sure  scratches  the  surface  of  our 
good  humor.  Get  something  new.  or  run  on  your  spai-e  units 
now   and    then. 


"Some  shop  grease,  with  some  pay  and  prospects,  is  pref- 
erable to  an  unspecked  hand  that  is  certain  to  be  empty 
48  hours  after  every  payday."  says  the  "Saturday  Evening 
Post."  This  paper  further  opines  that  the  clean-collar  super- 
stition is  slowly  subsiding.  It  looks  like  the  lay  press  was 
beginning  to  understand  us.  Not  long  ago.  if  an  able,  well- 
to-do  man  donned  overalls  and  sported  a  smudge  on  his  nose, 
he  was  either  posing  or  just  trying  out  his  one  last  oppor- 
tunity to  forget  that  he  had  more  money  than  ho  could 
spend.  Now,  some  of  our  very  best  j'oung  fellows  are  toting 
tin  dinner-pails  and  smearing  their  aristocratic  forms  -with 
real  dirt.  And  what  shocks  many  is  that  the  youn<>;  follows 
are  enjoying  the  plunge,  are  becoming  manly  men,  and  are 
on  the  right  road  to  learning  something  useful. 


Goodby  to  the  tungsten  lamp  if  this  comes  t^  pass.  A 
West  Virginia  inventor  has  a  secret  chemical  bath  for  the 
con-imon  and  garden  variety  of  houseflj-  whereby  i.s  [iroduced 
a  light  which  surpasses  the  tungsten  incand'escent.  We  arc 
somewhat  in  the  dark  as  to  its  substitute  when  this  fly  has 
lit  out  during  the  long  nights  of  the  drear  an  1  dread  w'nte? 
— hut  why  anticipate  trouble? 


.All  that  has  been  said  about  the  recent  Stamford  r.allroad 
wreck  seems  to  have  resolved  itself  into  tl:e  fact  that  the 
New  Haven  road  is  most  culpable  in  tha*  it  allowed  an  en- 
gineer of  limited  experience  to  run  a  fast  train  unac- 
companied. Let  us  hope  that  Engineer  Poherty  will  yet  be 
given  a  fair  chance  to  prove  his  worth  and  Rain  that  experi- 
ence which  he  undoubtedly  has  been  s'rriving  for.  Save  that 
kick   until    he   is  on   his   feet. 
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Heating  Engineers  Meet  at  Buffalo 

Hotel  Statler  was  headquarters  for  the  nineteenth  semi- 
annual meeting  of  the  American  Society  of  Heating  and 
"Ventilating  Engineers,  which  was  held  in  Buffalo  on  July 
17,    18   and    19. 

On  Thursday  morning  President  John  F.  Hale  called  to 
order  the  first  session  and  delivered  a  short  address  of  wel- 
come. The  revised  laws  under  which  the  society  is  now 
operating  calls  for  12  directors  instead  of  10,  so  that  more 
work  can  be  done,  and  he  made  an  earnest  appeal  to  all  mem- 
bei's  for  a  more  hearty  cooperation  in  the  association  affairs. 
Routine  business,  the  reports  of  the  Illinois  and  New  York 
chapters  and  those  of  the  various  committees  occupied  the 
entire   morning  session. 

PROFESSIONAL  SESSIONS 

The  first  paper,  "Time  Analysis  in  Starting  Heating  Appa- 
ratus," was  read  by  Ralph  C.  Taggart  at  the  opening  of  the 
afternoon  session.  The  author  showed  how  to  figure  the  time 
that  is  required  to  warm  up  heating  apparatus.  Proper  al- 
lowance must  first  be  made  for  the  starting  of  the  fire  or 
bringing  it  up  to  its  norm.al  operating  condition.  The  heat 
in  British  thermal  units  which  is  given  to  the  iron  and  wa- 
ter in  the  boiler  before  steam  is  produced  was  first  con- 
sidered, and  then  the  time  required  to  heat  the  piping  and 
the  radiation   in  the   heating  apparatus   itself. 

Formulas  giving  the  time  required  in  both  steam  and  hot- 
water  systems  were  developed  by  the  aid  of  calculus  and,  to 
illustrate  the  use  of  the  equations,  certain  examples  and 
curves   were  \vorked  out    in  the   paper. 

H.  M.  Hart  followed  with  a  paper  on  the  "Expense  of 
Operating  Heating  and  Ventilating  Plants."  Methods  for 
computing  the  cost  of  operation  in  advance  of  construction 
"tt'ere  given  for  four  different  classes  of  building,  namel.v. 
residences,  apartment  buildings,  school  buildings  and  oflice 
buildings.  The  data  on  residences  and  apartments  was  con- 
flicting and  unsatisfactory.  Two  school  buildings  were  com- 
pared and  also  two  office  buildings  of  about  the  same  size 
and  type,  one  having  its  own  power  plant  and  the  other  oper- 
ating a  he.ating  plant  only.  The  former  showed  a  saving  of 
$26, SOI    over   the   latter. 

In  a  short  discussion  on  "Ventilation  and  the  Open 
Window,"  M.  S.  Cooley  gave  some  results  of  tests  conducted 
for  the  Government  at  Washington.  An  interesting  paper  on 
"Loss  of  Pressure  Due  to  Elbows  in  the  Transmission  of  Air 
Through  Pipes  or  Ducts,"  was  then  read  by  Frank  L.  Busey. 
The  author  gave  the  results  of  two  sets  of  experiments  car- 
ried on  at  the  testing  plant  of  the  Buffalo  Forge  Co.  The 
first  set  of  experiments  was  conducted  to  determine  the  effect 
obtained  by  changing  the  radius  of  curvature  of  the  elbow. 
As  might  naturally  be  expected,  the  loss  through  a  sharp- 
turn  elbow  is  the  greatest,  and  the  loss  decreases  as  the 
radius  of  curvature  increases.  With  the  radius  equal  to  l'-^ 
diameters  of  the  duct,  fairly  good  results  were  obtained 
without  making  the  elbow  unduly  long;  practically  nothing 
was  gained  by  making  the  radius  greater  than  twice  the 
diameter.  The  second  series  of  tests  was  made  to  determine 
the  effect  of  reducing  the  area  of  an  elbow  at  the  throat  to 
the  theoretical  or  equivalent  area,  the  object  being  to  pre- 
vent eddy  currents  along  the  inner  side  of  the  pipe.  One 
source  of  friction  would  thus  be  eliminated  and  the  long- 
cone  effect  would  aid  in  changing  the  accelerated  velocity 
pressure  at  the  turn  of  the  elbow  back  to  static  pressure 
with  a  minimum  loss.  With  this  construction  the  loss  for  a 
standard  elbow   was  reduced  as  much  as   60   per  cent. 

A  paper  by  Frederick  Bass,  "Experiment  in  School  Room 
Ventilation  with  Reduced  Air  Supply  through  Individual 
Ducts,"  was  the  last  of  the  session.  In  the  experiment  the 
air  was  supplied  to  each  individual  desk.  During  the  entire 
three  ■weeks  the  test  lasted  the  air  was  exhausted  from  the 
room  and  used  over  and  over  again.  Befween  the  exhaust 
and  delivery  fans  there  "was  an  ozone  generator  and  in  the 
equipment  there  was  also  pi'ovided  an  air  washer  and  humidi- 
fier. The  effect  on  the  pupils  was  closely  studied.  Each  pupil 
was  supplied  with  about  S^  cu.ft.  per  min.  of  rene-wed  air 
and  they  were  compared  mentally  and  physically  with  a 
similar  group  of  pupils  receiving'30  cu.ft.  of  air  per  min.  in 
an  adjoining  school.  The  test  results  were  slightly  in 
favor  of  the  group  receiving  the  smaller  amount  of  air,  but 
it  was  the  opinion  of  those  discussing  the  paper  that  al- 
though the  test  was  interesting,  observations  should  extend 
over  a  much  longer  period  of  time  before  any  definite  con- 
clusions   could    be    drawn. 

TECHNICAL  EXCURSIONS 
On  Friday  morning  the   society  as  a  body  visited   the  In- 
stitute  of  Thermal  Research  conducted   by  the   American   Ra- 
diator Co.      F.   B.    Howell,   assistant   general  manager  of  sales. 


welcomed  the  visitors  and  turned  them  over  to  J.  H.  Davi.s 
L.  C.  Soule  and  M.  A.  May  to  be  conducted  through  the  labor- 
atory. Tests  in  charge  of  Dr.  C.  B.  Thompson  and  L.  Is. 
Cherry  were  being  conducted  on  two  house-heating  steam 
boilers,  two  hot-water  houses-heating  boilers  and  on  pip- 
coils  under  fan  blast  conditions.  Another  test  was  unil'  r 
way  to  determine  the  proper  size  of  pipe  for  one-pipe  low 
pressure  steam  systems.  A  number  of  radiators  containiim 
different  amounts  of  surface  were  connected  by  pipes  of  dif- 
ferent diameter  to  a  common  supply  main  carrying  2  lb.  pre.';- 
sure.  Glass  nipples  about  12  in.  long  were  inserted  in  th. 
risers  so  that  any  disturbance  between  the  ascending  stf^ni 
and  the  returning  condensation  could  be  noted.  The  Iaboi;i 
tory  was  well  equipped  with  instruments  and  facilities  fci 
testing  all  kinds  of  heating  apparatus  and  the  opportunity  i^ 
look  over  and  inspect  this  equipment  was  greatly  appn 
ciated   by   the   society. 

An  interesting  afternoon  was  spent  at  the  plant  of  th. 
Buffalo  Forge  Co.,  J.  I.  Lyle  and  W.  H.  Carrier  were  there  t(. 
tell  the  visitors  all  about  fans,  humidifiers,  air  washers,  th. 
various  instruments  needed  in  the  work  and  incidentally  the 
method    of   manufacturing    the    Sitiru    tui-bine. 

LAST   SESSION 

On  Saturday  there  was  only  a  morning  session.  Professor 
Allen,  past  president  of  the  society,  who  has  been  in  Turk.  ■ 
for  the  past  two  years,  was  present  and  made  a  few  bri.i 
remarks  on  the  progress  made  by  the  society.  In  the  eai  1 
days  everything  was  done  by  rule  of  thumb.  In  the  last  t-ii 
years,  however,  scientific  developments  have  called  for  tech- 
nical men  "who  in  the  course  of  time  will  develop  heating  and 
ventilating  from  a  mechanics'  art  to  a  science.  The  first 
thing  necesary  is  scientific  data.  The  society  is  beginning  t.. 
get  these  data,  but  there  are  many  things  to  be  learned  an.l 
a  wide  field  for  investigation.  For  ventilating  a  room  thei.. 
are  no  standard  methods.  It  is  up  to  the  physiologist  to  t.  II 
first  what  constitutes  proper  venilation,  and  the  engim.  i 
will  then  readily  fulfill  the  requirements.  Even  the  amount 
of  radiation  required  is  not  definitely  settled.  It  is  apparent 
that  there  is  a  tremendous  amount  of  work  to  be  done  be- 
fore heating  and  ventilation  may  truthfully  be  classed  as  a 
science. 

In  England  the  heating  is  done  mostly  by  hot  water. 
Practically  nothing  is  know'n  about  the  single-pipe  system  of 
steam  heating.  The  engineers  there  freely  admit  that 
American  has  gone  farther  in  the  development  and  operation 
of  heating  apparatus.  In  Germany  they  have  developed  the 
theory,  but  when  it  comes  to  practice  and  installation  thev 
too  look  to  America  for  the  latest  and  best.  In  doing  tht- 
work  necessary  to  develop  heating  and  ventilation  to  a 
science,  Professor  Allen  looks  to  a  great  future  for  the  so- 
ciety. 

I.  Morgan  Bushnell.  president  of  the  National  District 
Heating  Association,  was  present  and  addressed  the  meet- 
ing briefly,  referring  particularly  to  the  joint  committee  ap- 
pointed by  the  t'w^o  societies.  With  the  practical  knowledq-e 
of  one  and  the  theoretical  knowledge  of  the  other,  it  was 
hoped  that  the  combination  would  produce  good  results  in 
the  solution  of  the  many  problems  that  are  now  coming  to 
the  front.  The  recent  improvements  in  meters  will  help 
greatly  in  getting  valuable  data  for  the  solution  of  some  of 
these    problems. 

A  valuable  paper  containlhg  a  chart  for  determining  the 
size  of  pipe  for  gravity  hot-water  heating  systems  was  then 
read  by  M.  S.  Cooley.  There  have  been  charts  for  air  nr' 
steam  piping  in  which  all  the  variables  involved  could  i 
easily  traced,  but  not  for  hot  water.  The  method  by  whi 
the  present  chart  was  devised  was  discussed  by  the  auth... 
and  its  use  was  illustrated  by  the  solution  of  several  ex- 
amples. 

In  a  paper  on  "Heat  Transmission  with  Pipe  Coils  and 
Cast-iron  Heaters  under  Fan  Blast  Conditions,"  L.  C.  Soule 
described  a  series  of  14  tests  made  at  the  Institute  of  .Thermal 
Research  of  the  -American  Radiator  Co.  on  pipe  spaced  nii 
2?i-in.  centers.  Tests  were  made  on  five  sections,  three  s.-.  - 
tions  and  one  section  deep,  each  section  containing  foii 
staggered  rows  of  pipe  containing  193.1  sq.ft.  of  surface.  Tli.- 
outfit  used  was  placed  under  test  the  day  before  while  th.- 
society  was  in  the  laboratory.  The  results  of  the  pipe  coil 
tests  are  all  tabulated  and  the  equivalent  values  in  vento 
heaters  given.  In  comparing  pipe  coils  on  2?i-in.  centers 
with  vento  heaters  it  was  shown  that  for  the  same  friction  3S 
per  cent,  greater  velocity  is  obtained  through  the  vento  than 
through  the  pipe  coils.  This  result  was  obtained  when  usin^- 
one  stack  deep  of  regular  vento  on  5% -in.  centers  of  loip"? 
against    each    section    deep   of   four-row    pipe    coils. 

Chicago  is  the  first  city  to  control  the  ventilation  of 
buildings,  which  is  done  by  the  ventilation  inspection  di-- 
partment  of   the  bureau   of  health.      Dr.   E.   Vernon   Hill,   who 
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organized  and  is  conducting-  this  department,  Kave  an  in- 
teresting talk  on  liis  work.  Dr.  Hill  briefly  summarized  the 
ordinances  as  applied  to  theater  ventilation,  told  how  the 
Inspections  were  conducted  and  showed  by  means  of  lantern 
Alides   the    card    records    and    some    typical    installations. 

D.  D.  Kimball  gave  a  list  of  the  members  of  the  ventila- 
tion commission  of  New  York  City,  which  was  recently  ap- 
pointed by  Governor  Sulzei"  and  provided  with  a  fund  of  $50,- 
000.  He  outlined  the  scope  of  the  work  and,  described  the 
facilities  they  would  have  for  conducting  experimental  and 
research   work. 

Routine  business  and  some  resolutions  of  thanks  to  com- 
panies which  had  extended  courtesies  to  the  society  ended  the 
session  and  the  convention.  It  may  be  of  interest  to  iiote 
that  the  register  showed  an  attendance  of  133,  of  which  75 
were   members. 

GENERAL   EXCURSIONS 

For  entertainment  the  local  committee  had  provided  a 
good  program.  Diversions  for  the  ladies  in  the  form  of 
sight-seeing  automobile  trips  in  and  around  Buffalo,  incHid- 
ing  visits  to  Niagara  Falls  and  to  the  Roycroft  industries 
established  by  Elbert  Hubbard,  were  arranged.  On  Thursday 
evening  the  entire  delegation  had  a  boat  trip  to  Crystal 
Beach  and  on  Friday  night  another  boat  trip  to  Grand  Island 
where  dinner  was  served  at  the  Bedell  House.  A  feature  was 
iin  interesting  talk  by  Professor  Allen  on  conditions  in 
Turkey  and  the  characteristics  of  its  inhabitants.  On  Sat- 
urday afternoon  some  of  the  conventioners  visited  Niagara 
Falls  and  the  plant  of  the  American  District  Steam  Co., 
which    is    in    that    vicinity. 


Massachusetts   N.  A.  S.  E.  Convention 

The  annual  Massachusetts  State  Convention  of  the  Na- 
tional Association  of  Stationary  Engineers  took  place  at  Law- 
rence. Mass..  July  10,  11  and  12.  The  Franklin  Hotel  was 
the  headquarters.  The  mechanical  exhibit  was  held  in  the 
Armory,  which  was  tastefully  decorated  and  arranged  for  the 
purpose.  Fifty  booths  were  occupied.  The  exhibition  was 
formally  opened  at  noon  on  Thursday.  Addresses  were  made 
by  Albert  C.  Ashton,  president  of  the  New  England  Association 
of  Commercial  Engineers:  Claude  D.  Allen,  chairman  of  the 
exhibit  committee,  and  State  Vice-President  Asa  M.   Day. 

On  Friday  morning  at  ten  o'clock  the  preliminary  exercises 
of  the  convention  were  held  in  the  city  hall,  R.  N.  Howard, 
chairman  of  the  arrangement  committee  presiding.  There 
were  about  70  delegates  in  attendance.  Mayor  M.  F.  Scanlon 
welcomed  the  convention  to  the  city  of  Lawrence,  and  Na- 
tional Vice-President  James  R.  Coe  responded  for  the  engi- 
neers. Addresses  were  also  made  by  F.  N.  Chandler,  Theodore 
N.  Kelsey,  Edward  H.  Kearney.  Charles  H.  Sumner  and  the 
Hon.  William  McComb.  State  President  John  T.  Maloney  then 
took  charge  of  the  meeting,  and  after  the  necessary  com- 
Tnittees   "were   appointed   the   session   adjourned. 

The  program  of  entertainment  included  auto  trips  about 
the  city,  a  lecture  on  the  steam  turbine  by  Elmer  Smith,  of 
the  General  Electric  Co.,  and  a  smoker  at  the  City  Hall,  where 
fully  400  engineers  and  guests  gathered.  On  Saturday  after- 
noon special  cars  were  boarded  for  a  trip  to  Canopie  Lake, 
where  an  appetizing  banquet  was  served.  The  game  of  base- 
ball between  the  engineers  and  supplymen  was  won  by  the 
latter  with  a  score  of  12  to  6.  The  plants  of  the  American 
Woolen  Co.  mills  were  at  the  disposal  of  the  convention 
through  the  invitation  of  George  H.  Diman,  consulting  en- 
gineer. 

At  the  final  session  of  the  delegates  the  following  state 
c-fricers  were  elected:  Asa  M.  Day,  president:  Thomas  Ra>', 
vice-president:  John  F.  Quinn,  secretary:  Walter  Damon, 
treasurer;  Andrew  Waite,  conductor:  Merricli  M.  Childs,  door- 
keeper. 

The  selection  of  the  officers  of  the  New  England  Associa- 
tion of  Commercial  Engineers  resulted  as  follows:  Bradford 
L.  Ames,  president:  W.  Carleton  Barnes,  vice-president:  Her- 
bert E.  Stone,  treasurer;  Albert  C.  Ashton,  John  A.  Stitt  and 
F.  P.   Upson,   directors. 

During  the  convention,  Albert  C.  Asiiton  was  presented 
a  handsome  traveling  bag  and  toilet  set,  and  Claude  D.  Allen 
received  a  gold   w-atch   fob. 

The  next  meeting  will  take  place  at  Providence,  R.  I.,  in 
July,    1914. 

The  following  is  a  list  of  the  exhibitors: 

Lawrence  Machine  Co.;  W.  R.  Winn;  McLeod-Henry  Co.; 
Manning,  Maxwell  &  Moore;  B.  L.  Ames:  George  W.  Knowlton 
Rubber  Co.;  L.  A.  Couch;  Charles  A.  G.  Winther;  Hamblett 
Macliine  Co.:  Wickes  Boiler  Co.;  "Practical  Engineer";  Cancos 
Manufacturing   Co.;    Philadelphia    Grease    Manufacturing    Co.; 


Griscom-Russell  Co.;  Eagle  Oil  &  Supply  Co.;  J.  H.  Blanchard; 
H.  W.  Johns-Manville  Co.;  Curry  Brothers  Oil  Co.:  Lunken- 
heimer  Co.;  Garlock  Packing  Co.;  Bride-Grimes  Co.;  Economy 
Lubricating  Co.;  Autoforce  Ventilating  System;  American 
Tool  &  Machine  Co.;  Calvin  H.  Currier;  Greene,  Tweed  &  Co.; 
Jenkins  Bros.:  Ashton  Valve  Co.;  Mason  Regulator  Co.;  In- 
ternational Engineering  Works;  U.  S.  Graphite  Co.;  A.  M. 
Byers  Co.;  Pennsylvania  Flexible  Metallic  Tubing  Co.;  Hart 
Packing  Co.;  Lumsden  &  Van  Stone  Co.;  Durabla  Manufactur- 
ing Co.;  Under-Feed  Stoker  Co.  of  America;  Adam  Cook's 
Sons;  Chicago  Pneumatic  Tool  Co.;  Robinson  Hardware  Co.; 
A.  "W.  Chesterton  Co.;  Autogenous  Welding  Equipment  Co.; 
American  Steam  Gauge  &  Valve  Manufacturing  Co.;  American 
Steam  Packing  Co.;  Diamond  Power  Specialty  Co.;  P.  W. 
Goldwait;  Keystone  Lubricating  Co.;  Evans  Mill  Supply  Co.; 
Lagonda  Manufacturing  Co.;  Patterson  Lubricating  Co.; 
Trtat  Hardware  Co.:  Watts  Regulator  Co.;  The  Philip-Carey 
Co.:  Enterprise  Rubber  Co.;  "Power";  "Southern  Engineer"; 
■National  Engineer":  Archibald  Wheel  Co.;  Callison  Brass 
Foundry  Co.;  Dearborn  Chemical  Co.;  Monarch  Valve  &  Man- 
ufacturing Co.:  Crandall  Packing  Co.;  Gardner  Gate  Co.:  A. 
N.   Little  Co.;  W.  J.  Hylaiul. 


Wisconsin  N,  A.  S.  E.  Convention 

The  Wisconsin  state  association  of  the  National  Associa- 
tion of  Stationary  Engineers  held  its  thirteenth  annual  con- 
vention at  Milwaukee,  on  July  10,  11  and  12.  Fred  C.  Ruck, 
chaii-man  of  the  local  committee,  called  the  first  session  to 
order  at  10:30  a.m.,  on  Thursday  and  introduced  the  Honorable 
G.  A.  Bading,  mayor  of  the  city,  who  welcomed  the  delegates 
and  guests  to  Milwaukee.  In  the  course  of  his  address,  the 
mayor  said  that  it  seemed  fitting  for  the  engineers  to  meet 
in  Milwaukee  because  of  the  city's  extensive  industrial  ac- 
tivities and  the  important  part  played  by  the  engineer  in 
practically   all   forms    of  modern   industry. 

After  mentioning  the  fact  that  Milwaukee  has  an  effective 
engineers'  license  law,  he  said  he  believed  that  a  state  law 
would  be  preferable  as,  with  such,  all  engineers  would  be  on 
an  equal  basis,  while  at  present  en.gineers  coming  to  Mil- 
waukee from  other  poi:its  must  submit  to  examination  before 
they    may    operate    in    the    city. 

State-President  Henry  J.  Mistele,  the  next  speaker  to  be 
introduced,  pointed  out  that  it  was  often  difficult  for  the  en- 
gineer to  get  away  from  his  duties  long  enough  to  attend  a 
convention  and  this  fact  is  one  of  the  main  reasons  why  the 
conventions  are  not  far  larger  in  si-'e.  The  necessity  for  the 
engineer's  close  application  to  his  duties  often  works  a  hard- 
ship, as  many  a  man,  through  thus  being  confined,  has  failed 
to  develop  all  the  latent  possibilit.es  he  possesses,  simply  be- 
cause he  could  not  obtain  -the  finish  which  is  to  be  secured 
only   by    contact  witii  other   men. 

President  Mistele  also  commented  on  the  educational  value 
of  state  conventions  due  to  the  papers  and  lectures  invariably 
included  in  the  program  and  the  exhibit  by  the  machinery 
and  supply  concerns. 

National  President  John  F.  McGrath  said  that  engineers, 
like  the  men  in  every  other  line  of  endeavor,  must  "make 
good"  to  win  proper  recognition  and  financial  encouragement. 
He  said  there  were  two  types  of  men  he  did  not  like.  First, 
the  man  who  takes  you  down  into  his  engine  room,  and  gives 
you  a  long  harangue  on  what  a  wonderful  plant  and  op- 
erating engineer  are  before  you.  winding  up  with  the  intima- 
tion that  his  only  regret  is  that  some  day  he  will  die  and  the 
boss  will  have  to  go  out  of  business  because  he  will  not  be 
able  to  secure  anyone  to  fill  the  engineer's  place.  Second,  the 
man  who  is  so  lacking  in  self-confidence  that  he  is  afraid  that 
if  he  loses  his  position  it  will  kill  him  because  he  will  never 
be  able  to  get  another  one.  Dismissal  is  often  a  blessing  in 
disguise  to  such  men,  for  it  is  the  only  Way  in  which  they 
would   ever  be   spurred   to  greater  effort. 

Charles  Cullen,  secretary  of  the  Central  States  Exhibitors' 
Association,    spoke   briefly   on    the   exhibits. 

Fi-ed  W.  Raven,  national  secretary  of  the  N.  A.  S.  E.,  dis- 
cussed Milwaukee  as  the  scene  of  the  1914  national  conven- 
tion. He  also  touched  upon  the  subject  of  biennial  national 
conventions  instead  of  annual  events,  pointing  out  that  the 
money  saved  in  mileage  disbursements  to  the  delegates  could 
■well  be  used  for  other  purposes  such  as  for  the  educational 
work,  accelerating  the  enactment  of  license  laws,  etc.  He 
stated  that  the  association,  just  like  any  business  house,  must 
be  uptodate  and  employ  modern  policies  and  methods  if  it  is 
to    endure    and    prosper. 

John  W.  Lane,  editor  of  the  "National  Engineer,"  said  that 
an  important  feature  of  conventions  and  meetings  is  that  they 
bring  the  individual  into  contact  with  his  fellow  men  and 
help  to  round  him  off.     Another  phase  is  the  opportunity  pre- 
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SI  nteil  <if  practioiris'  tlio  .xDifSsion  of  his  thoughts  and  ideas 
while  on  his  feet  imd  in  the  presence  of  others.  No  matter 
how  able  a  man  may  be  as  fai-  as  his  vocation  is  concerned. 
he  must  be  capable  of  displaying  his  capabilities  to  good  ad- 
vantage on  occasion  if  he  is  to  reap  fullest  benefit  from  them. 

At  the  Friday  afternoon  session,  J.  L..  "White  gave  a  short 
piiper  on  "The  Operating  Engineer  as  a  Political  Factor.'"  By 
way  of  introduction  he  explained  that  he  did  not  favor  ex- 
treme political  activity  on  the  part  of  the  engineer  except 
when  laws  were  involved  that  related  to  his  occupation.  It 
was  asserted  that  legislation  is  badlj'  needed  to  provide  for 
the  proper  regulation  of  consulting  engineers.  Mi'.  White 
stated  that  the  public  was  too  often  duped  by  men  setting 
themselves  up  as  consulting  engineers  when  they  had  little 
or  no  suitable  qualifications.  Where  ignorant  or  inexperi- 
enced consulting  engineers  are  employed  to  lay  out  or  revise 
plans  for  a  power  plant,  the  operating  engineer  is  often 
handicapped  and  placed  under  a  hardship  by  bungling  work. 
Hence,  all  operating  engineers  could  profitably  concern  them- 
S4'lv<'s  with  the  bringing  about  of  suitable  corrective  legisla- 
tion. 

In  the  evening,  .lohn  \\'.  Uane,  assisted  by  Alfred  Johnson, 
gave  a  lecture  on  "The  Tanama  Canal,"  in  Miller's  Hall.  The 
lecture  was  illustrated  with  more  than  70  stereopticon  views 
of  the  various  parts  and  features  of  the  carval,  as  well  as  some 
of  the  towns  and  settlements  connected  with  it.  Dancing- 
followed  the  lecture  and   light  refreshments   were   served. 

At  the  Saturday  morning  session  Prof.  Robt.  Bauer  gav 
an  interesting  lecture  on  "Coal  Analysis  and  the  Purchase  of 
Coal  on  a  B.t.u.  Basis."  The  lecturer  demonstrated  the  proei-.ts 
of  analysis  with  actual  apparatus.  Wm.  Classman  lectured 
on   "The  Utilization  of  Exhaust  .Steam." 

Among  the  important  matters  of  association  business  tali.-ii 
up  was  the  question  as  to  whether  biennial  national  coi!- 
ventions  should  or  should  not  supplant  the  annual  event 
which  is  at  present  customary  and  a  resolution  was  passed 
favoring    the    change. 

The  otflcers  elected  for  the  present  year  are  A.  Gunderson, 
Sheboygan,  president:  Fred.  Ruck,  Milwaukee,  vice-president; 
Robt.  Fenn.  Sheboygan,  reelected  secretary:  J.  J.  Xovotny, 
Madison,    treasurer;    J,    A.    Wickert,    Milwaukee,    state    deputy. 

The    exhibit    was    held    in    a    large    room    in    the    hotel    and 


11  to  9  in  favor  of  the  engineers,  who,  thereby,  won  the  trophy 
from  the  supply  men  who  were  victorious  last  year.  Other 
features  of  the  picnic  were  races  and  games  for  boys,  girls, 
women,  fat  men,  engineers,  supply  men,  etc.,  and  a  tug-o'-war 
between  the  engineers  and  supply  men,  which  w.as  won  e:i^il-- 
by  the  former. 

The    place    for    the    next    c.nivention    will    be    sele(-ted    1 
bv   committee. 


OBITUARY 


Anthony  N.  Brady  died  in  London,  England,  on  July 
Mr.  Brady  was  a  selfmade  man,  and  from  a  very  humble  1 
ginning  rose  to  be  a  power  in  the  financial  world  and  tlie 
head  of  many  large  corporations.  Among  them  were  the 
New  York  Edison  Co.,  the  Edison  Electric  Illuminating  Co., 
Brooklyn,  and  the  Kings  County  Electric  Light  &  Power 
Co.,  and  many  more.  He  was  chairman  of  the  board  of  di- 
rectors of  the  Brookl.vn  Rapid  Transit  Co.,  trustee  of  the 
Consolidated  Gas  Co.,  of  New  York,  director  of  the  Hudson 
&  Manhattan  R.R.  Co.,  and  director  of  the  United  States 
Rubber  Co.  Mr.  Brady  was  born  in  France  of  Irish  parent- 
a.ge.  70  .years  ago.  He  leaves  a  widow,  two  sons  and  three 
daughters. 


B  U  vS  I  N  E  S  vS     ITEMS 


The     American     Engineering     Co..     Philadilphia.     has     just 
issued    three    ver.v    interesting    booklets    entitled,     "Morning," 
"Noon"    and    "Night,"    in    connection    with    the    Taylor    stoker 
publicity.      Copies   are   sent   free   on   I'equest   to   anyone      inte 
ested    in    stolters. 

A  very  interesting  booklet  has  recently  been  Issued  by 
Greene,  Tweed  &  Co.,  109  Duane  St..  New  York,  which 
shows  some  of  the  buildings  in  and  around  New  York  ill 
-which  Rochester  automatic  lubricators  are  installed.  It's 
worth  sending  for. 
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■was.  as  usual,  under  the  direction  and  management  of  the 
Central  States  Exhibitors*  Association.  !^^ore  than  45  dis- 
plays were  made,  some  of  which  were   of  unusual   interest. 

While  plenty  of  business  and  educational  work  was  pro- 
vided for,  the  entertainment  features  were  not  ne.alected.  Tha 
ladies  enjoyed  an  automobile  ride  on  Friday  afternoon  and  a 
shopping  and  sight-seeing  tour  on  Saturday  morning.  On 
Saturday  evening  the  E.xhibitors'  Association  gave  its  annual 
"smoker."  Quotation  marks  are  used  because  the  ladies  were 
present  and  the  function  assumed  so  few  of  the  usual  charac- 
teristics of  a  smoker  that  the  term  is  all  but  a  misnomer.  In- 
terspersed with  addresses  by  the  prominent  members  of  both 
organizations  were  elocutional  and  vocal  selections  by  the 
entertaining  Mr.  Fred  Hickey.  of  the  Dearborn  Chemical  Co., 
his  vocal  efforts  being  assisted  at  times  by  all  present  joining- 
in    the   chorus. 

On  Sunday  the  engineers  held  their  annual  picnic  at  Lin- 
coln Grove.  Layton  Park,  where  the  ball  teams  representing 
the  engineers  and  the  supply  men  met  in  their  annual  "clash." 
as  the  sporting  editor  would  express  it.  for  the  punch-bowl 
trophy  donated   two  years  3go  by  H.  S.  Bowers.    The  score  was 


The  Griscom-Russell  Co..  90  West  St.,  New  York,  has 
established  its  own  New  England  office  in  Boston.  141  Milk 
St.,  to  take  care  of  the  growing  demand  for  Griscom-R>i.-s'-n 
specialties  in  New  England.  ilr.  \\'m.  .V.  Evans  ha-^  I>.  .  n 
appointed   manager   of   the   new    ofBce. 

Owing  to  the  increase  of  their  business  in  New  EngUmJ. 
Schutte  &  Koerting  Co..  12th  and  Tompson  Sts..  Philadelphia, 
have  moved  their  Boston  oflice  from  9S  High  St.  to  larger 
quarters  at  132  High  St.  The  Oenver  oflice  has  also  been 
moved  from  1710  Glenarm  St.,  to  the  First  National  Bank  Bldg. 

The  American  PuUev  Co..  Philadelphia,  has  moved  its 
New  York  branch  from  203  Lafayette  St.  into  more  com- 
modious quarters  at  the  corner  of  Grand  and  Green  Sts. 
.\t  the  new  address  is  carried  a  complete  stock  of  "American" 
belt  pulleys.  Orders  will  be  received  for  reels,  spools,  beams, 
sash   pulleys,   and   pressed-stee!    shapes. 

The  Western  Kielev  Steam  Specialtv  Co..  116-122  West 
Illinois  St.,  Chicago,  has  published  a  new  96-page  catalog 
illustrating-  and  describing  its  various  steam,  air  and  water 
regulating  appliances.  In  addition  to  the  Western-Kieley 
goods,  the  company  has  added  the  Boylston  line,  and  this  is 
fully  described  in  the  new  catalog,  a  copy  of  which  is  sent 
free   on   application. 

"A  Collapsible  Oil  Filter"  is  the  title  of  a  new  booklet 
published  by  S.  F.  Bowser  &  Co..  Fort  Wayne.  Tnd..  illustrat- 
ing   and    describing    the    Bowser    oil    filtering    and    circulating 
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WHERE  THE  DAY  LABORER  HAS  IT  ON  THE  ENGINEER. 
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Power  from  the  Mississippi  River 


Sy.\'()PSls'< — 'riircc  Iniinlri'il  llioiisaiiii  liorsi'iioirer  <ih- 
faiiied  at  Keokuk  by  a  dam,  creating  S'2  ft.  ■mean  head, 
and  Francis-iype  turbines  of  S(l  per  cent,  efficiency.  Power 
is  transmitted  «.y  far  «.■.■  SI.  Louis,  /.'/.J  miles  distant .  at 
11(1,000  volts. 

The  iivorago  person  tliinks  nT  llu'  ^lississipjii  River  as 
a  sluggish  stream  of  imiddy  water  ilowing  evenly  its  v5(t(i 
miles  to  the  sea.  Of  siuh  a  stream  one  would  seareely 
suspect  water-power  possihilities,  for  when  thinking  of 
water  powi'r  it  is  natural  to  picture  a  majestic  fall,  as  al 
Niagara  or  Snoqualmie,  or  a  jilant  with  an  Alpine  set- 


Fit;.  1.    Map  of  Dam.  rowi:u  lIorsK,  Dry  Dock 
A XI)  Lock 

ting,  everlasting  mountains  forming  a  background.  Yet, 
on  the  Mississippi,  at  Keokuk,  Iowa,  the  Mississippi 
Eiver  Power  Co.  has  erected  and  just  put  into  operation 
a  water-power  plant  of  distinguished  proportions  and 
noteworthy  features  with  a  power  outjuit  by  far  the  larg- 
est in  the  world. 

Ultimately,  this  plant  will  have  a  c-apacity  of  more  than 
300,000  hp.  or  over  2;!1,000  kw.  This  vast  amount  of 
energy  is  to  be  o!)tained  by  making  the  greatest  river 
in  North  America  pass  a  large  share  of  its  20,000  sec. -ft. 
minimum  flow,  or  372,000  sec. -ft.  maximum,  through  30 
turbine-oljstructed  concrete  tubes,  IS  ft.  in  diameter,  in 
a  power  house  1718  ft.  loug;  or  approximately  one-third 
of  a  mile. 

For  about  1"-'  miles  up  river  from  Keokuk  the  Missis- 
sippi forms  what  are  known  as  the  Des  Moines  Rapids, 
the  total  descent  of  the  ri\er  in  that  distance  being  about 
23  ft.,  or  greater  than  that  for  any  similar  stretch  else- 
where in  the  river.  Adilcd  to  this  essential — ^an  appreci- 
<\h\e  fall  within  a  comparatively  short  stretch — the  loca- 
tion offered  the  advantage  of  bluffs  close  to  th«  river  on 
both  sides  for  a  considerable  distance  above  the  dam  site, 
tints  reducing  the  area  overflowed  by  the  erection  of  the 
dam.     And  finally,  the  river  bed  was  found  to  consist  of 


blue  limestone  of  excidlent  <|n;dity,  thus  providing  an 
excellent  natural  foundation  for  the  dam,  jtower  house, 
etc. 

A  government  canal  extending  nine  miles  around  the 
kiwcr  part  of  the  Des  Moines  Rapids  served  heretofore 
to  assist  boats  past  this  turbulent  stretch  of  water.  With 
the  completion  of  the  dam  this  canal  and  its  set  of  three 
kxks  was  inundated  by  several  feet  of  water.  Some  of 
the  conditions  imposed  by  the  natiomtl  government  before 
jiermission  was  given  to  build  the  dam  and  power  house 
were  that  navigation  should  not  be  interrupted  and  that 
a  lock,  to  take  the  ])lace  of  the  now  useless  canal  and 
lo(ks,  and  a  dry  dock,  be  provided  by  the  company,  to- 
gether with  the  necessary  motive  power  in  perpetuity  to 
o[)erate  lock,  dry  dock  and  the  machine  sboji  connected 
with  the  latter. 

Thus,  it  comes  about  that  integral  with  the  dam  and 
power  house  are  one  of  the  largest  locks  in  the  world 
and  the  largest  dry  dock  in  fresh  water.  These  were  de- 
signed and  constructed  under  the  scrutiny  of  war-depart- 
ment engineers  and  upon  completion  were  turned  over  to 
tl'.e  United  States  without  cost. 

The  erection  of  the  dam  causes  the  formation  of  a  pool 
or  lake,  from  1  to  3  miles  wide,  for  65  miles  above  the 
dam,  with  a  depth  at  its  lower  end  of  over  40  ft.  and  at 
its  upper  end,  8  ft.  The  substitution  of  one  large  lock 
for  the  three  smaller  ones  and  the  elimination  of  the 
canal,  in  the  passage  of  which  boats  were  compelled  to 
proceed  at  low  sjieed,  have  reduced  the  steaming  time  be- 
tween Keokuk  and  Montrose  by  about  2  hr.,  a  gratifying 
<levelopment  to  river  men. 

The  Da.\i 

111  Fig.  1  is  given  a  diagrammatic  plan  of  the  work  while 
a  panoramic  view^  is  offered  in  Fig.  2.  The  dam,  stretch- 
ing ]iractically  out  of  sight  across  the  river,  looks  more 
like  a  heavy  masonry  or  concrete  bridge.  And,  in  actual- 
ity, that  is  what  it  is — a  series  of  massive  piers  connected 
at  the  top  by  a  causeway.  What  makes  a  dam  of  it  are 
the  thick  webs  of  concrete  rising  32  ft.  t)etween  the  piers 
at  the  bottom  witii  adjustable  .steel  gates  above  which 
hold  back  the  w:(,ter  and  create  a  difference  in  level  of 
from  2!l  to  11  ft.,  depending  on  the  condition  of  the 
river  and  the  position  of  the  gates. 

The  dam,  of  the  gravity  type,  maintains  its  stability 
against  the  pressure  of  the  water  by  sheer  weight  alone, 
and  is  of  massive  concrete  without  reinforcements. 

The  length  of  the  dam  is  -1278  ft.  which,  with  a  290- 
ft.  abutment  at  its  east  and  an  81-ft.  abutment  at  its 
west  end,  makes  a  total  of  4649  ft.,  or  88  per  cent,  of  one 
mile.  There  are  118  piers,  6  ft.  thick  and  53  ft.  high. 
At  the  top,  these  are  29  ft.  wide  and  at  the  bottom  43 
ft. ;  all  the  taper  is  given  to  the  down-stream  face.s,  the 
up-stream  ones  being  ]ilnmb.  The  distance  between  piers 
is  30  ft.  in  the  clear.  The  arched  causeway  across  the 
top  is  29  ft.  wide.  This  may  be  u.sed  as  a  double-track 
railroad  bridge,  if  desired,  by  making  a  short  connection 
with  the  shore  at  the  west  end. 

The  normal  depth  of  the  river  being  about  7  ft.,  coffer- 
dams were  employed  for  all  parts  of  the  work  as  the 
cheapest  means  of  construction.  Some  preliminary  sta- 
tistics and  views  were  given  in  Powei;  for  Sept.  5,  1911. 
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ll.e  power  house,  loek  n.ul  ,lry  doek  nre  loente,!  n.  Ihe 
rner  elose  o  the  Iowa  shore.  The  power  hou  e  es  pra 
tu.ally  panUlel  w>th  the  river  and  nearly  at  ri^ht  ai^^tes 
-th  .he  dam.  The  area  between  the  power  house  ^nd 
tlH  owa  shore  serves  as  tlie  forebay,  the  down"  trjl  n 
end  .on.g  eon.posed  of  a  short  dam';.!],  ttToe  . 
tlie  dry-doek  area,  as  shown  in  Fio-   i 

b.-eak  in  this  fender ,;;::.;!;::;;  r^^^^^^^^ 

lie  passage  ot  boats  to  and  from  t],e  dry  doek  and    o 
In    he  ree  season,  this  break  is  closed  h/,  floating  ,,        " 

«ood  The  onnrreto  porlion  of  the  iee  fender  i.  e,,,,, 
■n  tlu  top  l.y  .-onrrele  spaiis  extending  4  ft  below  ihc 
"7"    •''"■-"•^'•"■'-'^l-'l^ft.   abov^themean;,,!    - 

o  e  n  he  creeUon  o  th.s  plant,  an,l,  henee,  the  huue 
Mu  n)  money  n-pured,  speed  in  construction  was  of 
-"■'  "'^^1  nnpo,ian,.e  for  the  sum  repre.^enting  the  in  eres 

ii    „.„-■        1   ,      .  ".--  l'i'i|'oiTions.     i< or  this  reason 

I     ^.as  good   business  to   make   the   most   elaborate   nre 

I'nnnary  arrangements   and   m-ovide   an   am,t  ^nd  "^ 

--nt  construction  force   .nd  equipment  io  Insu"  ra  n  1 

.(.,w"i  T,''''\""'  ""■'■''^^'^  '"^  ^'^  t^™  sections.  One  force 
.^(ailed  the  dam  at  tlu.  Illinois  shore  and  worked  west 
-  |-oiu,ect  ^yllh  the  power  plant  which,  with  loci  dry 
'lock  and  ice  fender,  was  erected  simnltaiicously  will,  the 
ilaiii  by  another  force.  " 

The  tirst  36  spans  of  the  east  end  of  the  dam  were  built 

;"";;;    ;i'  "■  7--"^ '^t--  the  normal  shore  of    1 
ne     and   the   blufts   and   for  these  no   coffer-ckm   was 
ceded.     Coming  to  the  river,  a  sectional  coffer-dam  78 
1  :  nutV'"'  r'^'^'f^^'  ^'  ^eq^i^ed,  the  first  section  to 
ho  put  down  being  about  1000  ft.  long.     Subsequent  sec 
tions   ranged  in   length  from   .1..0   f,?  ,„,     TZmZl 
pumping  pLant  containing  Uu,  ,-n,  ce,  Irifuga    mm, 
of  about  1000  gal.  per  mill    ,-,,,.i,li ,-    >,•    ■       '^ 'fe^i  pump.s 
ino-  n„f  +T,  '        ■  ■  "''^  ^'•-ecl  for  pump- 

nig^out  the  various  secn.ns  „r  coltci-dam-inclosed  area. 
Ihe  hrst  operation  in  ronstnicimg  ihc  dam  was  to 
Mast  out  a  slot  m  the  bed  rock  floor  of  the  river  se vera! 
ie  deep.anc  as  wide  as  the  base  of  the  dam  itself  i 
^  Inch  the  solid  concrete  work  of  the  huge  monolithic 
structure  ^yas  commenced.  Thus,  the  dam  was  firmly 
keyed  :n  position.  A^ext,  the  solid  concrete  piers  and 
eHiead  connecting  arc-hes  were  "poured"  into  their  sted 
molds.     As  a  section  of  the  concrete  hardened,  the  forms 

:::::'r''r'^  --?  -^s--  ^  partition  wan  ;a.  th™ 

a  COS.  t  1  coflei-dam  between  the  finished  and  unfinishe.l 
vo.k  and  the  seclion  of  coffer-dam  thus  rendered  un- 
necessary would  be  destroyed.  Coffer-dam  material  w  s 
economized  and  the  least  possible  obstruction  was  m  de 

nig  left  clear  for  the  water  Io  flow  throuo-h 
On  the  site  of  the  power  house,  dry  dock  and  lock  a 

arge  coffer-dam  was  put  <lowii  and  pumped  out,  unwa  .! 
nig  an  area  of  35  acres.  After  the  completioi  of  t  e 
s  ructures  the  work  of  building  up  the  dLn  between  he 
Fers  was  commenced.     This  was  done  by  first  p     I     , 
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(l(j\\n  whiil  jiiv  known  as  stoplogs  so  thnl  ihe  spnic  i>i'- 
l\vtH']i  a  jiiiir  of  piers  Avas  closed  oil'  and  could  then  bo 
]>iini|n'd  out.  Next,  tlie  concrete  for  the  wel)  lietwccn 
the  piers  was  poured  into  position,  and,  altliough  the 
computed  height  of  this  web  is  32  ft.  above  the  river 
bottom,  a  layer  of  only  5  ft.  was  put  down  at  one  time 
and  the  s])ace  between,  only  one  pair  of  ])iers  was  blanked 
off.     In  this  way  the  dam  was  gradually  built   up  with 
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T>iagi;ammatic  I'ross-Si'X'tioxal  Elevatiok 
OF  THE  Power  House 


the  minimum  of  resistance  from  the  river.  The  up-stream 
face  of  this  web  is  vertical,  but  the  down-stream  side  has 
the  form  of  an  ogee  curve  so  that  water  running  over  the 
crest  of  the  dam  will  do  so  with  the  least  noise  and  dis- 
turbance. 

Lock  axd  Duy  Do(;1'; 

The  luck  and  dry  dock  are  built  integral  with  the  power 
house  and  dam.  The  former  has  the  same  width  as  those 
in  the  Panama  Canal,  110  ft.,  and  is  400  ft.  long  inside 
the  chamber.  The  drv-dock  basin  is  150  ft.  wide  by  463 
ft.  long. 

The  lower  gates  of  the  lock  are  50  ft.  high,  providing 
for  a  maximum  lift  of  40  ft.  in  contrast  with  a  32-ft. 
maximum  at  Panama,  They  are  hinged  at  the  sides  and 
swing  inward  in  the  usual  manner. 

The  upper  gate  is  of  special  design  and  of  a  type  that 
raises  and  lowers.  Its  lower  portion  consists  of  a  rect- 
angular steel  box  open  on  the  bottom  for  the  admission 
of  water ;  the  upper  portion  is  a  framework  of  structural 
steel  faced  on  both  sides  with  plates  which  join  the  box 
part  at  the  bottom  and  are  water-tight  at  their  joints, 
thus  forming  the  actual  gate  surface.  This;  gate  fits  into 
a  slot  and  is  provided  with  rack  and  pinion  at  each  side, 
the  pinions  being  connected  by  a  shaft  extending  across 
the  gate,  to  prevent  jamming  due  to  uneven  raising  or 
lowering.  To  raise  the  gate,  air  is  forced  into  the  lower 
part  which  drives  the  water  out  through  the  bottom.    In 


lowering,  the  operation  is  reversed,  the  air  being  released  | 
by  chajiging  a  set  of  valves.  A  second  or  guard  gate  is 
jirovided  for  emergency  use.  These  two  and  a  third  g;\U-, 
employed  in  the  dry  dock,  are  intercliangeable  and  so  ar- 
ranged that  they  can  be  easily  floated  from  one  posit imi 
to  another  when  desired.  With  the  lock  gate  in  its  ]ow(>rril 
position  there  is  a  clearance  of  S  ft.  of  water  above  ii 
which  is  ample  for  any  boat  on  the  river. 

Powi:ii  IloisE 

Only  .S5tl  ft.,  or  half  of  the  power  house,  has  been 
completed.  The  other  half  will  extend  from  the  presem 
half  down  stream  almost  to  the  lock,  which  is  seen  m 
])artly  completed  condition  at  the  right  in  Fig.  2.  Tbi.' 
width  of  the  power  house  is  132  ft.  10  in.,  and  the  heigbi, 
including  the  under-water  section,  177  ft.  6  in.  What  is 
known  as  the  substructure  portion,  containing  the  intaki' 
tul)es,  turbines  and  draft  tubes,  is  70  ft.  high  from  the 
bottom  of  the  foundation  to  the  dynamo  floor.  Tbe 
foundation  extends  25  ft.  below  the  river  bottom  and  i- 
set  in  an  excavation  in  the  solid  limestone.  The  supi  i- 
structure  contains  three  floors  for  transformers,  busbais 
and  switches.  The  diagrammatic  cross-section  in  Fig.  :i 
shows  the  general  arrangement  of  the  apparatus.  The 
substructure  is  of  solid  concrete;  the  walls  are  of  rein- 
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Fig.  4.  Vertical  Section  TiiiiorGii  Oxk  of  the  Un   i~ 

forced  concrete  and  the  floors  and  roof  are  of  structural 
steel  and  reinforced  concrete. 

Gexki!Atixg  Equipiiext 

The  present  generating  equipment  consists  of  lo 
Francis-tj'pe  turbines  nominally  rated  at  10,000  hp.  driv- 
ing 7500-kw.  vertical  dynamos.  In  the  completed  power 
house  there  will  be  30  such  units.  A  general  interior 
view  of  the  dynamo  room  is  given  in  Fig.  5. 

The  turbines  are  of  special  design,  being  unusually 
large  and  operating  tinder  unusual  conditions.  Half  were, 
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Fig.  5.  Ixterioe  of  Gexekatok  Koom  Just  befoul;  the  First  Uxits  Were  Eeady  To  Be  Started 


uilt  by  the  I.  P.  Morris  Co.  and  half  by  the  "Wellmaii- 
leaver-Morgan  Co.  The  best  practice  and  knowledge  on 
■ater  tnrliines  of  Xorway,  Switzerland,  Germany,  France, 
taly  and  America  were  drawn  upon  in  designing  these 
Lirbines,  and,  as  a  result,  an  efficiency  of  86  per  cent,  by 
lolyoke  test  has  been  attained.  This  is  exceedingly  high, 
1  fact,  it  is  claimed  as  a  world's  record.  The  usual  efR- 
iencies  range  between  75  and  80  per  cent. 
While  the  normal  actual  capacity  of  each  turbine  is 
little  over  10,000  hp.,  the  overload  rating  is  13,000 
p.  These  values  are  based  on  a  head  of  32  ft.  and  a 
peed  of  57.7  r.p.m. 

The  runner  is  16  ft.  2  in.  in  outside  diameter  and 
arries  20  blades,  6  ft.  long  by  about  3  ft.  wide.  It  is 
ung  on  a  25-in.  shaft  which  passes  up  through  the 
enerator  floor  and  carries  the  rotor  of  the  dynamo  on  lis 
pper  end.  A  single  huge  thrust  bearing  is  located  be- 
iveen  dynamo  and  turbine,  as  shown  in  Fig.  4,  to  support 
;ie  entire  weight  of  the  revolving  parts,  some  550,000  lb. 
ielow  are  two  steady  bearings  to  hold  tlie  revolving  parts 
1  position.  All  bearings  are  above  water,  making  them 
asily  accessible  and  simplifying  the  problem  of  lubrica- 
ion.  The  thrust  bearing  is  of  the  roller-bearing  type  and 
i  provided  with  means  of  forcing  a  sheet  of  oil  between 
lie  two  faces  at  a  pressure  of  250  lb.  per  sq.in.  to  float 
lie  load  and  obviate  the  need  of  the  rollers.    An  attempt 


will  be  made  to  operate  without  the  high-jjressure  oil, 
using  the  rollers  only.  If  tliis  proves  successful  and  eco- 
nomical, the  oil  Avill  be  used  only  in  emergencies. 

A  set  of  guide  vanes,  surrounding  the  runner  and  con- 
nected with  two  oil-operated  pi.stons,  adjusts  the  water 
supply  to  the  runner  in  accordance  with  variations  in 
electrical  load  and  hydraulic  head.  The  movement  of 
these  vanes  is  controlled  by  a  Lombard  governor.  A  cross- 
section  showing  the  general  construction  and  arrange- 
ment of  each  unit  is  given  in  Fig.  4. 

There  are  four  water-inlet  passages.  Fig.  6,  to  each  tur- 
bine, three  of  which  unite  a  short  distance  from  the  inlet 
to  form  the  larger  portion  of  the  scroll  chamber,  the 
fourth  forming  the  remaining  portion.  Each  passage  is 
fitted  with  headgate  and  screen.  The  shape  and  dimen- 
sions of  these  water  passages  and  the  scroll  chamber  were 
carefully  planned  so  as  to  deliver  the  water  to  all  points 
on  the  circumference  of  the  turbine  at  a  uniform  Nclncity, 
thereby  securing  maximum  efficiency. 

The  draft  tube  is  18  ft.  in  diameter  at  the  \mnt  where 
the  water  leaves  the  runner  and  gradually  changes  iu 
shape  until  it  is  an  oblong  rectangle  with  circular  ends 
at  the  point  of  discharge  to  the  tailrace,  23  ft.  8  in.  high 
and  40  ft.  2  in.  long.  The  entrance  velocity  of  the  water 
is  14  ft.  per  sec.  and  the  discharge  to  the  tailrace  4  ft. 
per  sec.     The  turbines  are  placed  22  ft.  below  the  mean 
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levi"!  of  the  forcliiiy  ;  thus.   10  ft.  of  the  head  is  utilized 
jy  moans  of  the  ilraft  tube. 

Dynamos 
The  main  (lyuamos  are  of  the  General  Eleetrie  revolv- 
ng-field  vertieal  type  and  generate  25-eyelo,  three-phase 
mrrent  at  11,000  volts.  The  current  is  distributed  at 
this  pressure  for  local  use,  hut  for  long  distance  it  is 
stepped  up  to  110,000  volts.  Because  of  their  low  speed 
[he  dynamos  are  of  great  size,  being  ;51  ft.  .'>  in.  outside 
:liameter  with  a  height  of  7  ft.  2  in.  at  the  lowest  part. 


Fio.  6.    Plan  of  Inlet  Passage  and  Scroll  Chamber 

The  efficiency  of  these  generators  is  !H).:5  per  cent,  at 
full  load  and  their  regulation  is  1.3  per  cent,  at  100  per 
cent,  power  factor.  Each  machine  is  fitted  with  a  brake 
to  facilitate  bringing  the  revolving  parts  to  rest  when 
shutting  down. 

The  method  of  excitation  is  somewhat  unusual.  Two 
aOOO-kv.-a.  alternators  driven  by  water  turbines  of  the 
same  general  design  as  the  main  turbines  will  furnish 
pxcitation  current  for  the  30  main  generators  in  the  com- 
pleted station.  These  feed  85-cycle  current  at  440  volts 
to  three-phase  busbars  running  the  length  of  the  station. 
From  these  busbars  a  100-kw.  motor-generator  set  is  op- 
erated for  each  main  dynamo  supplying  it  with  current 
at  250  volts. 

For  emergency,  another  440-volt  bus  has  been  installed 
I'm-  each  group  of  1.3  units,  supplied  from  the  main  power 
busbars  through  two  600-kv.-a.  transformers  and  all  of 
the  motor-generators  are  arranged  for  connection  with 
this  bus.  The  voltage  of  each  main  generator  is  controlled 
by  a  Tirrill  regulator  connected  with  the  field  of  the 
evciter. 

BrsBARs  AND  Switches 

Both  high-  and  low-tension  busbars  are  in  duplicate  and 
all  dynamos,  transformers  and  lines  are  equipped  with 
selector  switches  so  that  they  may  operate  from  either 
bus.  One  low-tension  bus  extends  unbroken  the  full 
length  of  the  station  and  is  to  be  used  for  transferring 
and  in  emergency.  The  other  bus,  which  will  be  used 
for  normal  operation,  is  fitted  with  sectionalizing  switches 
and  current-limiting  reactances  so  that  each  outgoing 
line  will  be  fed  from  a  separate  group  of  dynamos  and 
transformers.  Normally,  all  sections  are  paralleled 
through  the  reactances  and  the  emergency  bus  joins  the 
ends  of  the  main  bus  to  form  a  ring. 

In  addition,  there  is  a  low-tension  bus  for  the  local  11,- 
000-volt  feeders.  Fig.  7  shows  the  general  arrangement 
and   construction  of  the  low-tension  bus  compartments. 

Except  those  for  the  low-tension  bus  sections,  all 
switches  are  nonautoraatic  and  arranged  so  that  trouble 
in  one  section  causes  the  op^niiiir  of  the  two  nearest  sec- 


tion switches  and  tlii'ough  a  relay  on  the  voltage  regu- 
lators, a  reduction  of  the  generator  voltage. 

The  emergency  and  transfer  high-tension  bus  is  divided 
into  sections,  one  for  each  line.  The  other  is  similarly 
arranged  but  equijiped  with  sei'lion  switches  so  that,  it 
desired,  the  sections  may  be  ])aralleled. 

The  connections  between  the  generators  and  the  low- 
tension  bus  room,  which  is  on  the  second  floor,  ('(uisist  of 
600, 000-circ.mil,  single-conductor  cables  insulated  with 
varnished  candjric.  The  busbars  and  the  current  and  po- 
tential transformers  are  housed  in  concrete  eompartmenls. 

The  low-tension  switches  are  directly  above  the  busbars 
.•mil  are  also  inclosed  in  ruiiii-clc  crlls.  These  are  GenerMi 
f]lectric  H-6  oil-break  lypi',  fitted  with  <lisconnecti]iL: 
switches  in  subcells.  Connection  is  made  between  thesr 
switches  by  solid  bars  either  directly  with  the  busbars  o)' 
through  instrunu'iit  transfornn'rs  with  the  gcjierators  and 
main  transformers. 

The  low-tension  circuits  are  guarded  from  internal 
voltage  surges  by  electrolytic  static  dischargers  connected 
to  the  various  sections.  Protection  from  excessive  cui'- 
rent  is  secured  by  the  sectionalization  previously  men- 
tioned which  divides  the  equipment  into  ten  groups.  Con- 
nection between  these  groups  is  made  through  current 
reactances  rated  at  240  kv.-a.  These  reactances  consist 
of  copper  cable  wound  alimil  llirec  large  concrete  cores, 
making  a  total  weight  of  about  27. out)  lb. 

Cables  similar  to  tluis','  bctwi-cn  dynamos  and  low-ten- 
sion busbars  connect  the  latter  with  the  transformers 
which  are  arranged  in  a  row  opposite  the  generators  and 
on  a  gallery  8  ft.  abo\e  the  generator-room  floor.     The 


Fig.  7.    Low-Tknsiox   P,vs  Co.mpartjikxts 

transformers  are  for  three-phase,  35-cycle,  11,000-110.- 
000-volt  service  and  rated  at  !)000  kv.-a.  On  the  low-ten- 
sion side  they  are  connected  delta  and  on  the  high-ten- 
sion, Y,  with  the  neutral  dead  grounded.  Each  trans- 
former is  set  in  a  concrete  compartment  and  occupies  a 
space  about  S  ft.  wide  by  16  ft.  long  and  24  ft.  high. 
The  weight  is  2.31.000  11,"  each  and  10,000  gal.  of  oil  is 
required. 

High-Tension  Connections 
Tlie   connections   from   the  tran.sformers  to   the   bigli- 
tension    busbars    and    switches,    which    consist   of    114-in. 


August  5,  1913 


P  0  \y  E  R 


189 


standard  iron  pilie,  extend  vertically  to  the  top  floor  where 
the  busbars  and  switches,  Pig.  8,  are  k)cated.  These  con- 
nection pipes  are  painted  copper  color  for  jisycliological 
reasons. 

The  high-tension  switches  are  General  Electric  K-15 
;ype,  triple-pole  solenoid  operated  and  of  400  amp.  ca- 
pacity. They  are  provided  with  disconnecting  switches 
Dn  one  side  only,  heing  attached  directly  to  the  high-ten- 
sion busbar.s  on  the  other. 

The  high-tension  busbars  are  installed  individually  in 
?eparate  rooms  and  run  tlie  full  length  of  the  building. 
These  busbars  are  of  2-in.  standard  iron  pipe  hung  from 
;he  ceiling  by  seven-unit  suspension  iiisnliit(n's.  The  con- 
lectious  from  the  busbars  to  the  current  transformers  are 
)f  ll4-iii'  copper  jniJC.  From  the  lian^formers  the  cou- 
lections  pa-ss  directly  up  tlirough  the  roof  bushings.  The 
after  are  of  special  design  and  aiford  a  factor  of  safety 
)f  three  under  rain  test  with  line  voltage  and  four  when 
Iry. 

From  the  roof  bushings  the  lines  run  through  choke 
;oils  to  an  air-disconnecting  .switch  of  the  rotary  double- 
jreak  type,  mounted  21:  ft.  between  phases  and  with  arms 
L3  ft.  long.  Taps  to  the  lightning-arrester  horns  are 
nade  between  the  choke  coils  and  the  disconnecting 
iwitches.  The  horns  are  connected  through  roof  bush- 
ngs  with  electrolytic  arrester  tanks  inclosed  in  concrete 
JOmpartments  on  the  top  floor  of  the  building. 

SwlT('iII!()Al;ll 

The  switchboard.  Fig.  '••,  is  located  in  a  room  on  the 
pop  floor  at  a  point  wliiili  will  be  the  middle  of  tlie  build- 
ng  when  the  latter  has  been  com])letcil.  The  board  is  of 
;he  remote-control  bencli  type  with  instrument  panels 
irranged  behind  the  bench.     There  is  a  panel   of  both 


*'iG.  8.  View  of  High-Texsiox  Switches  and  BrsBAus 

jench  and  instrument  board  for  each  main  generator  and 
:ransformer  unit  and  each  outgoing  line  as  well  as  for 
:he  e.vciters. 

■  With  the  complete  equipment  in  ])lace  the  board  will 
:orm  a  huge  F.  extending  around  three  sides  of  the  room, 
tn  the  center  of  the  I'uom  is  the  chief  dispatcher's  desk 
uid  a  swit(ld)oard.  The  desk  is  fitted  with  a  telepho"ne-ex- 
•hange  board  and  telephone-testing  equipment  so  that 
■omplete  control  is  had  over  the  entire  telephone  system. 
riie  switchboard  carries  a  diagram  of  the  bus  arrange- 
nents  and  the  position  of  every  switch  in  the  station  is 
shown  by  means  of  cohn'ed  lights.  Tn  addition,  this  board 
s  equipped  with   graphic   voltmeters   and   ammeters  foi; 


recording  the  potential  and  inirrent  for  each  transmission 
line. 

Two  storage  batteries  of  330-amp.-hr.  capacity,  each, 
are  i)rovided  for  furnishing  the  motive  power  required  in 
the  switchboard  room.  For  charging  these  batteries  two 
15-kw.  motor-generator  sets  have  been  provided. 

The  telephone  system  i.s  especially  complete  and  pro- 
vides means  for  rapid  communication  with  all  possible 
points  tliroughout  the  station  as  well  as  with  all  substa- 
tions and  points  of  distribution.  Besides  the  telephone 
system  a  signaling  sy-stem  is  provided  for  transmitting 
the  more  common  operating  instructions  from  switch- 
board I'oom  to  each  generator  unit. 

Huge  windows  spaced  on  short  centers  provide  ample 
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natural  light  in  the  main  rooms.  The  artificial  light  is 
furnished  entirely  by  tungsten  lamps  backed  with  steel 
reflectors.  The  lighting  current  may  be  taken  from  either 
the  main  low-tension  busbars  or  from  the  exciter  bus 
through  suitable  transformers  and  induction  regulators. 
Approximately  one-third  of  the  lights  employed  through- 
out the  station  are  so  wired  that  in  the  case  of  either 
under  or  over  voltage  they  are  automatically  thrown  over 
onto  one  of  the  storage  batteries,  either  of  which  has 
capacity  for  about  one  hour's  service. 

The  generator  room  is  equipped  with  two  150-ton 
traveling  cranes  and  the  gate  house  with  a  'I'S-ton  ma- 
chine. 

DlSTlilBT'TlOX 

For  local  consumption  the  current  is  distributed  at 
11,000  volts,  but  for  long-distance  transmission  the  cur- 
rent is  stepped  up  to  110,000  volts  as  before  mentioned. 
Two  long-distance  lines  carried  on  a  single  set  of  towers. 
Fig.  10,  have  been  run  to  St.  Louis,  111  miles  distant, 
where  G0,000  hp.  has  been  contracted  for.  These  lines 
arc  of  .'16,000  kw.  capacity,  each.  Two  27,000-kw.  lines 
lia\e  been  built  to  Burlington. 

The  larger  lines,  those  to  St.  Louis,  are  of  %-in.  cop- 
per cable,  of  300,000  circ.mils.  These  cables  are  carried 
on  towers  averaging  80  ft.  high,  spaced  on  800-ft.  centers, 
by  means  of  suspension-type  insulators,  each  consisting 
of  seven  10-in.  disks.  These  disks  are  of  porcelain  ami 
corrugated  on  their  faces.  They  are  strung  together  l)y 
means  of  malleable-iron  fittings  cemented  to  them.  This 
type  of  insulator  was  selected  after  a  large  number  of 
comparative  tests  of  various  types  and  it  possesses  a  fac- 
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lor  of  safety  groator  than  that  I'mploved  on  any  other 
Iran.sniission  system  of  equal  voltage.  The  required  volt- 
age test  is  against  440,000  volts. 

PiacK  OF  CriiiiEXT 

The  Mississippi  Eiver  Power  Co.  will  sell  current  only 
at  wholesale  in  quantities  of  100  hp.  or  more.  The  an- 
nounced policy  of  the  company  is  to  encourage  manufac- 
turers to  locate  plants  in  the  section  and,  hence,  a  uni- 
form rate  of  charge  for  its  power  is  provided  for  all  who 
use  it,  regardless  of  whetiier  the  current  is  purchased  di- 
rect or  through  r.  third  party.  The  maximum  demand 
or  service  charge  is  75c.,  net,  per  month  per  horsepower. 
Then,  the  charge  for  the  first  8000  kw.-hr.  per  month  is 
li/^c.  per  kw.-hr.     For  current  in  excess  of  8000  kw.-hr. 


Fig.  10.    Tyi'Kal  Thaxsmissiox  Towers 

per  month  the  charge  is  0.6c.  per  kw.-hr.  A  discount  of 
10  per  cent,  of  the  current  charge  is  allowed  on  all  bills 
paid  before  the  tenth  of  the  month  following  the  month 
for  which  the  bill  is  rendered. 

The  construction  of  this  entire  plant,  including  power 
house,  dam,  lock  and  dry  dock,  was  done  by  the  Missis- 
sippi Eiver  Power  Co.  under  the  personal  supervision  of 
Hugh  L.  Cooper,  the  chief  engineer.  Xo  work  was  sub- 
let to  contractors.  The  Stone  &  Webster  Engineering 
Corporation,  Boston,  ]\Iass.,  had  charge  of  the  installation 
of  all  the  electrical  machinery  and  equipment  and  the 
plant  is  being  operated  by  the  .Stone  &  Webster  Manage- 
ment Association. 


Rules  for  Boiler  Inspection 

By  J.  C.  Hawkins 

An  editorial  in  a  recent  issue  presents  some  very  gooc 
arguments  as  to  why  the  chief  engineer  should  frequentl] 
inspect  his  boilers  and  not  depend  entirely  on  the  in^ur 
ance  inspector. 

This  has  been  the  writer's  practice  wherever  he  had  th( 
authority  to  do  so.  In  one  plant  which  had  six  water-tub( 
boilers  usually  loaded  to  rated  capacity,  and  using  a  verj 
bad  feed  water,  the  boilers  were  washed  every  two  weeks 
but  were  taken  off  the  line  to  be  thoroughly  cleaned  auc 
repaired,  if  repairs  were  needed,  about  every  three  months 
At  these  times  the  boiler  was  thoroughly  examined.  Tliij 
was  done  in  the  following  manner : 

The  fire  was  drawn,  and  the  main  steam  valve  closed 
The  feed  was  left  turned  on  a  little  until  the  steam  ha( 
all  worked  off.  The  blowoff  cock  was  left  open  a  little  t( 
keep  the  high-water  whistle  from  blowing.  The  boilei 
then  stood  a  day  or  two  full  of  water  with  all  doors  closed 
Then  the  grates  and  combustion  chamber  were  cleaned 
also  the  tubes  and  all  external  surfaces  of  the  boiler.  Xex 
the  drum  was  opened,  and  the  scale  cleaned  off,  some 
times  it  cotdd  be  scraped  off,  but  usually  it  had  to  Ix 
chijiped  off.  After  tlie  drum  was  cleaned  the  turl)iu( 
cleaner  was  put  through  the  tubes.  Boiler  compound  wai 
not  used.  After  the  cleaning  came  any  repairs  that  wen 
required.  Then  came  the  inspection,  which  was  done  b] 
the  engineer,  according  to  the  following  directions : 

Put  on  an  extra  pair  of  overalls,  and  go  in  on  thi 
grates  with  an  electric  light,  a  small  hammer  and  a  note 
book  and  pencil.  The  first  thing  to  be  looked  at  is  thi 
tubes  to  note  whether  there  are  anj'  bags  or  blisters,  oi 
any  that  are  worse  than  at  the  last  examination.  Xotia 
whether  there  is  any  evidence  of  leaks  around  the  cudi 
of  the  tubes  or  stay-bolts.  If  any  are  found,  make  a  not( 
of  them  in  the  notebook.  Xext  examine  the  furnace,  sid( 
and  bridge-walls  to  determine  if  any  repairs  are  needed 
Then  look  at  the  front  baffle  wall ;  note  if  it  is  in  goo( 
repair,  with  all  the  brick  in  place.  Sometimes  the  spaa 
between  the  tubes  on  the  back  side  of  a  water-tube  boilei 
will  be  found  plugged  with  ashes;  look  for  this  by  holdinj 
the  light  above  the  head  so  that  it  will  shine  between  tin 
tubes.  Xext  examine  the  grates  and  stoker  if  thru  i: 
one.  Above  all  take  plenty  of  time  in  making  the  in>pec 
tion. 

Xext  go  in  above  the  tubes  under  the  drum,  look  foi 
bags  on  the  bottom  of  the  drum,  also  leaking  rivets.  Taj 
them  and  the  tubes  with  the  hammer.  Hold  the  light  s< 
that  it  will  shine  down  between  the  tubes  to  permit  ol 
examining  the  baffles,  also  the  brickwork  around  the  drun 
and  at  the  top  of  the  tubes.  Make  notes  of  all  defects 
The  next  place  is  the  combustion  chamber.  Examine  th( 
tubes  for  bags,  which  seldom  are  found  here,  also  examint 
the  rear  stay-bolts  and  tube  ends  for  leakage.  Examim 
the  blowoff  pipe,  tapping  it  hard  with  the  hammer,  noting 
if  it  is  solid.  Xext  come  the  nipples  between  the  header.' 
and  mud  drum,  if  there  is  one.  Clean  away  the  scale  am 
ashes  and  look  for  external  corrosion  and  leaks,  and  the 
examine  the  rear  baffles,  which  are  usually  found  all  right 
That  finishes  this  part  of  the  boiler.  Then  go  in  aboV' 
the  tubes  at  the  rear  ends,  see  if  the  tubes  are  proper! 
cleaned,  look  at  the  tube  ends  and  stay-bolts  for  signs  o 
leaks,  examine  the  baffle  walls,  and  the  damper  while  th 
helper  opens  and  closes  it. 
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Look  for  cracks  in  the  setting,  especially  around  the 
ide  doors,  also  see  that  the  doors  shut  tight,  then  cx- 
mine  the  front  and  rear  doors  for  air  leaks.  Uo  on 
)p  of  the  boiler  and  examine  the  setting.  Look  for  leaky 
ipe  joints  and  leaky  valve  stiilting-boxes.  The  safety 
alve  and  blowoff  valves  should  be  watched  for  leaks 
■hile  in  operation.  If  the  safety  valve  has  been  leak- 
ig,  now  is  the  time  to  regrind  or  repair  it.  A  leaking 
lowoffi  may  be  found  by  disconnecting  a  flange  between 
le  valve  and  blowoff  tank,  while  the  boiler  is  under  pres- 
iire.  Next  examine  the  water  column,  floats  and  piping, 
;ed-water  regulator,  valves  and  piping,  check  valves,  gage 
ocks,  water-blowoff  pipe  and  valves,  etc.  This  finishes 
[le  external  surface  of  the  boiler. 

Next  go  inside  of  the  drum,  and  look  for  signs  of  pit- 
iug,  especially  along  the  water  line,  also  look  for  scale 
nd  corrosion  in  all  parts  of  the  drum.  Tap  the  braces 
'ith  the  hammer  to  see  if  they  are  all  tight,  examine  the 
lud  pan  and  internal  feed  pipe  to  see  if  they  are  clear, 
ometimes  the  feed  pipe  will  be  found  nearly  stopped  up 
'ith  scale,  or  it  may  have  become  loose  in  the  drum  head. 
See  that  the  dry  pipe  is  in  proper  position,  and  that  the 
oles  are  clear.  Examine  the  opening  to  the  water  col- 
.mn  and  steam  gage.  Take  plenty  of  time  here,  as  it  is 
ery  important.  Examine  the  surface-blowoff  pipe  con- 
lection  and  come  out.  Then  look  after  the  stay-bolts  and 
uhcs  in  the  water  leg  or  header.  Have  a  helper  hold  a 
Lght  at  the  front  end  of  each  tube  while  you  look  through 


from  the  rear  end  to  note  whether  there  is  any  loose  scale 
or  if  the  tube  is  warped,  lieacli  through  the  handhoies 
with  the  hammer  and  tap  each  stay-bolt  to  see  if  it  is  solid 
and  tight.  Examine  the  tube-caj)  joints  to  see  whether  or 
not  they  are  in  good  condition. 

This  covers  the  boiler  inside  and  outside,  and  includes 
parts  that  the  insurance  inspector  would  not  look  at  very 
closely.  If  the  tubes  are  found  dirty,  some  better  way  of 
cleaning  them  may  suggest  itself  to  the  engineer  while 
making  this  inspection.  Likewise  cracks  in  the  setting 
may  suggest  a  remedy  whereby  the  CO,  can  be  increased, 
and  any  needed  repairs  that  have  been  overlooked  can  be 
made  at  this  time. 

After  getting  cleaned  up,  make  some  sort  of  a  report 
of  the  condition  found,  mentioning  each  item,  while  it  is 
fresh  in  the  mind,  and  compare  it  with  the  report  of  the 
last  examination.  Also  make  a  note  of  repairs  that  are 
likely  to  be  necessary  at  the  next  shutdown,  and  the  ma- 
terial may  be  ordered  so  that  it  will  be  on  hand  when 
needed.  On  the  first  examination  all  the  dimensions  of 
the  boiler  should  be  taken  for  future  reference.  This  need 
not  be  done  after  that  except  in  special  cases. 

An  examination  of  this  kind  every  three  months  will 
keep  the  engineer  posted  on  the  condition  of  each  and 
every,  part  of  the  boiler.  It  is  a  dirty  job,  but  will  make 
the  engineer's  work  easier  in  the  end,  keep  the  efficiency 
of  the  plant  at  the  highest  point,  and  will  relieve  him  of 
many  emergency  repairs. 


Automatic  Regulation  of  Superheat 


lYNOPSIS — ('oiitrolliiig     superheat      temperature     by 
egulating  the  fhir  of  ttie  liot  gases. 

The  temperature  to  which  steam  will  be  raised  in  a 
upcrheater,  depends  upon  the  design  of  the  superheater, 
he  amount  of  tube  surface,  the  number  of  passes  which 
he  steam  makes  through  the  surface,  the  weight  of  steam 
lassing  through  the  superheater,  the  volume  of  hot  gases 
>assing  over  the  superheater  tubes,  and  the  temperature 
if  these  gases.  Among  the  possible  methods  of  controlling 
uperheat  temperature  are  first,  to  regulate  the  volume 
if  steam  passing  through  the  superheater  tubes  so  that 
ifter  it  has  been  mixed  with  saturated  steam  from  the 
toiler,  the  mixture  will  have  the  desired  superheat,  and 
econdly,  to  regulate  the  amount  of  hot  gases  passing  over 
he  superheater  ti)hes,  so  that  the  desired  steam  tempera- 
ure  is  obtained  for  any  weight  of  steam  passing  through 
he  superheater  tubes. 

The  first  method  is  open  to  the  objection  that  hot  gases 
ire  always  flowing  over  the  tubes,  and,  therefore,  if  no 
■team  or  only  a  small  quantity  of  steam  is  passing 
lirough  the  tubes  they  are  liable  to  overheating. 
I  Fig.  1  illustrates  the  arrangement  of  Heine  superheat- 
rs  to  obtain  temperature  regulation  by  controlling  the 
low  of  hot  gases.  This  figure  also  shows  the  automatic 
iontrol  apparatus.  The  superheater  is  located  in  a  fire- 
rick  superheater  chamber,  forming  part  of  the  boiler 
etting,  at  the  side  of  the  boiler  drum.  The  rear  of  tliis 
uperheater  chamber  communicates  with  the  furnace  by 

flue,  through  which  a  small  percentage  of  the  furnace 
■ases  rise,  making  two  passes  over  the  superheater  tubes. 


and  then  flowing  out  to  the  front  at  the  bottom  of  the 
superheater  chamber,  where  a  damper  is  located. 

An  automatic  temperature  regulator  controls  the 
damper  opening,  so  as  to  give  constant  superheat.  This 
automatic  regulator  comprises  two  principal  parts,  a  dia- 
phragm lever,  actuated  by  compressed  air,  and  a  thermo- 
stat  controller   which   regulates  the   admission   of  eom- 
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pressed  air  to  the  diaphragm   lever,  in   accordance  with 
the  temperature  of  the  steam. 

The  diaphragm  lever  in  this  drawing  is  suspended  from 
a  convenient  beam:  the  outer  end  of  the  lever  is  in  line 
with  the  damper  rod,  a  link  connecting  the  two.  Air 
enters  the  top  of  the  diaphragm  chamber,  which  is  a  con- 
vex casting  with  a  rubber  diaphragm  across  the  bottom. 
Springs  hold  a  "saucer"  against  the  diaphragm,  the 
saucer  itself  being  recessed  to  hold  a  jjnk  connecting 
with  the  lever.    When  there  is  no  air  pressure  within  the 
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(liai)liragin  cluunbur,  tliu  si)riiigs  press  llic  saucer  ngaiiist 
till'  diaphragm  and  hold  it  against  the  inside  fac-e  of  the 
diapliragni  (•liani1)er.  When  nil-  jn-essure  is  admitted,  it 
overeomes  tlie  resistance  of  the  springs,  and  causes  tiie 
saucer  to  move  downward  with  ruri-esjionding  movement 
of  the  lever  and  damper. 

The  controller  for  reguhiting  the  sui)pl\'  of  eomj)ressed 
air  to  the  diaphragm  lever  is  installed  in  tiie  outlet  line 
of  the  superheater  with  a  thermostat  i)r()truding  into  a 
suitable  fitting.  The  thermostat  consi.sts  of  two  tubes,  one 
of  a  metal  that  changes  considerably  in  length  with  teni- 
jicrature  so  that  changes  in  superheat  cause  changes  in 
relative  length  of  the  two  tubes.  This  motion  <ansc> 
changes  in  the  opening  of  a  small  ball  valve  which  con- 
trols the  supply  of  compressed  air  to  thediaphragm  lexer. 

Fig.  2  tells  the  history  of  the  performance  of  an  auto- 
matic superheater  regulator  of  this  lypc.  in  this  ])binl 
tlic  load  comes  on  at  7  o'clock  in  I  he  morning  and  as 
lb;'  engines  ami  c(im]iressors  are  started,  sleam   is  drawn 
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fnri  the  snperheater,  and  the  superheat  tenqicrature 
(•(imes  up  to  -IGO  deg.,  the  .setting  of  the  regulator.  From 
ilun  on  till  noon,  the  sujiorheat  renuiins  constant.  From 
1.'  to  12:30,  the  engines  are  shut  down,  and  no  steam  is 
drawn  from  the  superheater,  which  is  acting  simply  as 
additional  steam-reservoir  space.  The  ciUtom.it ic  tcni- 
I'crature  regulator  closes  the  superheat  damper  but  llic 
temperature  of  the  steam  does  not  immediately  fall  to 
boiler  temperature,  because  of  the  beat  stored  in  llic 
metal  of  the  superheater  and  the  setting.  When  the  load 
starts  up  at  12:;50.  the  tcmpcratui-e  immediately  rises  t" 
the  normal  of  IfiO  deg.  and  continues  until  the  eml  of  llic 
working  day,  6  ]).m.  During  the  night,  the  boilei-  is  idle, 
and  no  steam  is  drawn  through  the  superheater.  The 
temperature  ap])roaches  that  of  the  steam  in  the  boiler 
and  the  superheater  damper  is  tied  shut  to  ]iositively 
shut  off  all  gases.  During  the  noon  lionr  and  at  night, 
the  superheater  is  not  flooded. 

.\n  advantage  of  control  apparatus  with  superheaters 
is  that  the  temperature  may  he  changed  as  desired  after 
the  plan;  is  installed.  The  thermostat  controller  has  a 
small  dial  and  adjusting  screw,  whereby  the  mean  tem- 
perature nniinlaJTied  may  be  raised  or  lowered  as  desired. 


Thus  a  |ilant  may  be  operated  for  a  week  or  a  month  at 
50  deg.  superheat,  then  75  deg.,  100  deg.,  etc.,  operating 
records  being  kept  at  the  same  time  of  the  load  and  coal 
con.sumed.  From  these  records  a  determination  mav  be 
made  of  the  most  ecoiu>mieal  working  conditions. 


Improved  Flow  Meter 

An  im])roved  type  of  How  mctei'  for  the  continuous 
incasurcnu'iit  of  either  licpiids.  gases  or  vapors  has  jnsl 
been  pni  out  by  the  (iciu'ral  KleclMc  Co.,  of  Sclienectady, 

The  bi.dy  of  the  meter  consists  (jf  an  iron  ca.sting  cored 
(  ut  s(]  as  to  form  one  leg  of  a  U-tube  and  a  reservoii 
for  mcrcui-y,  the  outer  leg  of  the  U-tube  being  formed 
1  y  a  piix  which  o]iens  into  the  reservoir.  The  pressurj 
en  the  surface  of  the  mercui'y  varies  with  the  rale  oi 
How  of  the  flniil  I  vinL:-  mrasure(l.  ms  will  br  (■\|)lained 
later. 

A  float.  Fig.  1,  rests  on  the  surface  of  the  mercury  ii 
the  body  of  the  meter  and  rises  an<l  falls  with  the  eorrfr 
spending  changes  in  its  elevation.  This  float  is  geared 
by  rack  and  pinion  to  a  horizontal  shaft  which  carries  i 
permam  nt  T'-sha])e(l  magnet,  the  ])oles  of  which  fae« 
a  copper  cap  inserted  between  the  external  casi-  and  the 
meter  body.  A  shaft,  i>arallel  to  the  one  on  which  th( 
magnet  inside  the  body  is  mounted,  carries  a  snnillei 
magnet  whose  poles  are  opposite  those  of  the  larger  m:ig- 
net.  this  arrangement  serving  to  transmit  motion  througi 
ibe  cap  without  piercing  it  with  a  shaft  and  thus  the  diffi' 
rulty  of  packing  such  an  entrance  to  prevent  leakage  ii 
avoideil.  .Vs  the  poles  facing  one  another  are  of  op 
posite  niilarily.  the  magiu>tic  flux  binds  them  together  s': 
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Fig.  2.    ^N^ozzle  1'lug 


lat  a  iiioVL'ineiit  of  iIk'  luagiit't  iiisidr  thu  body  involves 
icoiTL'spoudiiig  iiiu\cnieiit  of  the  oue  outside,  the  latter 
'p\'mg  the  indicating  needle  and  the  recording  pen 
rough  suitable  mechanism. 

The  pressure  which  moves  the  column  of  mercury  in 
e  Il-tube  is  obtained,  for  pipes  2  in.  and  greater  in 
limeter,  by  inserting  a  modified  fiu-ni  of  pitot  tube 
nned  a  '•nozzle  plug"  directly  into  the  pipe  Hue,  .see 

L      I'^iff.  ■.'.     This  can  lie 

done  without  disturb- 
ing the  piping,  ex- 
cept where  it  is  de- 
sired to  iucreasse  the 
rate  of  flow  at  the 
point  of  metering,  in 
«hicli  case  .-i  special 
]iipe  reducer  E  is 
])i'ovided.  This  re- 
dncei-  is  made  of 
brass  and  has  a  long 
lliriKit  with  rounded 
('III  raiice  terminating 
ill  a  flange.  The 
flange  is  inserted  be- 
t  w  e  e  n  the  ]3ipe 
flanges  .1  and  B  and 
is  held  in  place  in 
the  same  manner  as 
a  gasket.  A  special 
nozzle  plug  is  sup- 
])]icd  v.-iHi  the  pipe 
I'ciluccr. 

The  nozzle  plug  is 
tube  with  two  separate  conduits  in  it,  each  conduit  liav- 
g  a  set  of  openings,  the  two  sets  being  on  diametrically 
posite  sides  of  the  tubes.  Those  on  the  side  of  the  tube 
cing  the  flow  are  called  the  leading  openings,  while 
ose  on  the  ojjposite  side  are  called  the  trailing  open- 

The  flow  against  the  leading  openings  in  the  nozzle 

•^g  sets  up   a   pressure   in   the   leading  conduit   which 

iials  ihe  static  pressure  plus  a  pressure  due  to  the  veloc- 

licad.  The  flow  past  the  trailing  openings  causes  a 
tion  which  lowers  the  pressure  in  the  trailing  con- 
it.    As  these  two  conduits  are  connected  to  the  U-tube 

'  \-\n.  pipes,  the  column  of  mercury  is  ai?eeted  by 
-  unbalanced  pressure,  causing  a  movement  of  the 
lit.  The  leading  set  of  openings  in  the  nozzle  plug 
(•nils  approximately  across  the  pipe,  so  as  to  make  the 
ocity  pressure  transmitted  to  the  meter  the  mean  ve- 
lity  pressure  rather  than  that  at  a  single  point  in  the 

The  chart  on  which  the  ])eu  records  are  made  is  ro- 
iled by  a  clockwork  at  a  suitable  speed.  The  recording 
])u  sweeps  the   chart  radially   and  the   resulting  curve 

;)ws  the  rate  of  flow  at  any  time  during  the  chart  cycle. 

The  integrating  device  consists  of  a  stationary  flow- 

te  planimeter  driven  by  the  chart  paper.     The  angular 

sition  of  the  ])lanimeter  wheel  is  determined  by  a  cam 

uected  to  the  shaft  of  the  recording  pen  and  moving 

■^tth   this  pen;   the  planimeter   dials   read   in   arbitrary 

ts,  which,  multiplied  by  a  constant  furnished  with  the 

fter,  gives  the  flow  in  the  desired  units. 

As  previously  mentioned,  for  pipes  less  than  2  in.  in 


diameter  an  orifice  tube,  which  is  a  brass  pipe  tapered 
internally  from  both  ends  so  as  to  form  a  restricted  open- 
ing at  the  middle  of  the  tube,  is  provided,  and  it  mu.st 
be  incorporated  in  the  pipe  line.  One  leg  of  the  U-tube 
is  connected  to  the  orifice  tube  near  its  end  and  the 
other  leg  to  its  middle  point  where  the  greater  velocity 
at  the  (rifice  will  give  a  reduced  pressure  in  the  pipe 
leading  to  the  U-tube. 
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Fui.   3.    Mktki;    with    Txihcatixc    Scale.   Recoeding 
Chart  and  Intj';geatino  Dial 

To  meet  the  requirements  of  ditl'ercnt  cla.sses  of  ser- 
vice and  the  various  conditions  met  with,  the  meter  can 
be  made  up  in  four  difl'erent  ways:  First,  as  a  record- 
ing or  curve-drawing  instrument ;  second,  with  both  in- 
dicating scale  and  recording  chart:  lliird,  with  recording 
chart  and  integrating  dials,  and,  fourth,  with  indicating 
scale,  recording  chart  and  integrating  dials. 

Wilkins  Gage-Glass  Cutter 

The  Wilkins  gage-glass  cutter  is  nuuniractured  by 
George  H.  Wilkins,  57  West  Lake  St.,  Chicago,  111.  The 
cutting  wheel  is  set  in  the  end  of  the  measuring  rod  at 
the  zei-o  mark.  This  rod  is  graduated  accurately  in  eighths 
of  an  inch  vip  to  8  iti.  The  cutting  wheel  is  held  in  place 
by  a  removable  pin  and  an  extra  wheel  is  supplied  with 
each  cutter. 

The  cutting  wheel  can  be  pres.sed  again.st  the  glass  liv 
means  of  the  tongue,  which  is  connected  to  a  thumb  lever 
through  a  link.  An  adjustable  collar  can  be  set  at  niiv 
point  on  the  rod  to  f(irm  a  rest  or  guide  while  cutting  I  lie 
glass. 


Powerene,  a  new  fuel,  has  recently  been  introduced  hv 
Dr.  J.  W.  Rae  and  Reece  LockwoocJ,  of  Bowlingr  Green,  n., 
says  "Commercial  Vehicle."  It  has  not  been  definitely  classi- 
fied, but  it  is  supposed  to  be  secured  as  a  byproduct  of  pe- 
troleum after  gasoline  has  been  extracted.  It  is  said  to  be 
more  effective  as  a  fuel,  giving  greater  power,  that  it  does 
nor  carbonize,  and  that  it  can  be  marketed  for  3  cents  per 
gallon. 
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Kilowatt    Hours   per   Ton   of  Coal  at 
Various  Evaporations 

Bv  Charles  H.  Sammons 

The  following  table  shows  the  kilowatt-hours  available 
from  a  ton  (2240  lb.)  of  coal  for  different  actual  evapora- 
tion rate.*  and  for  steam  consumption  per  kilowatt-hour 
varying  from  8  to  60  lb. 

The  table  was  compiled  according  to  the  following 
calculations : 


As.'^umc  an  actual  evaporation  of  4.5  lb.  of  water  per 
lb.  of  coal ;  the  steam  consumption  ])cr  kilowatt-hour 
being,  say,  14  lb.  Then  the  number  of  kilowatt-hours 
available  from  a  ton  of  coal  under  these  conditions  is: 

2240  X  4.5 


14 


=  720 /{■«•.-///•. 


The  table  should  be  found  useful  in  nearly  every  plant 
as  it  covers  a  wide  range  both  as  to  evaporation  and  steam 
consumption  of  the  generating  sets. 


WATER  ACTUALLY  EVAPORATED  LB.  PER  LB.  OF  CO.\L 


Steam 

Consump- 

of  Engine 
in  Lb. 

4 

4i 

5 

51 

0 

Oi 

7 

7! 

S 

SS 

9 

9! 

10 

10! 

11 

60 

149.33 

168  00 

186  66 

205  33 

224  00 

242.66 

261.33 

2so,no 

298,66 

317  33 

336  00 

354  .  66 

373. 33 

.392  00 

410  66 

59 

151  85 

170.84 

189  65 

208.46 

227  27 

246 , OS 

264  89 

283  70 

303  72 

322  71 

340  16 

360 .  67 

379  66 

398  64 

417  62 

.58 

154.48 

173.79 

193  10 

212.41 

231.72 

251  03 

270.34 

289 , 65 

308,96 

328.27 

347.58 

366  89 

386.2 

405.51 

424  82 

.57 

157  19 

176  84 

196.49 

216.14 

234 .  03 

255,43 

275,08 

294.73 

314,38 

334  03 

353.68 

373  33 

.392  98 

412.63 

4.32.28 

.56 

160.00 

180.00 

200.00 

220  00 

240  00 

260  00 

280,00 

300.00 

320,00 

340  00 

360.00 

380.00 

400.00 

420.00 

440  on 

.55 

162.90 

183 .  27 

203 .  63 

224.00 

244. 36 

264,72 

285.09 

305  45 

325,81 

346  18 

366  54 

.386.9 

407.27 

427  63 

41-.  'Ill 

54 

165.92 

186.66 

207.4 

228.14 

248.88 

269 . 62 

290.37 

311.11 

331.85 

352.59 

373.33 

394  07 

414.81 

435.55 

4.^1,  J'l 

53 

169.05 

190.18 

211.32 

232.45 

25,'>  58 

274.71 

295.84 

316  98 

338  11 

359.24 

380.37 

401  5 

422  64 

443.77 

4|-,  1  ■ 

52 

172  3 

193.84 

215^  38 

236  92 

258  46 

280  00 

301.53 

323  07 

344.61 

366,15 

387.69 

409  23 

430  76 

452 .  30 

47 

51 

175.68 

197.64 

219.67 

241.56 

263  52 

285.49 

307.45 

329.01 

351  37 

373.33 

395  29 

417.25 

439.21 

461.17 

1- 

50 

179  2 

201.6 

224  00 

246  4 

268.8 

291.2 

313.6 

336  00 

358  4 

380,8 

403  2 

425  6 

448.00 

470  4 

1' 

49 

182.85 

205.71 

228.57 

251  42 

274 . 28 

297  14 

320  00 

342  85 

365  71 

388,57 

411.42 

434.28 

457.14 

480.00 

48 

186.66 

210.00 

233 . 33 

256 . 66 

280.00 

303 . 33 

326.66 

350.00 

373 .  33 

396,66 

420  00 

443.33 

466 .  66 

490  00 

47 

190.63 

214.46 

238  29 

262.12 

285.93 

.309,78 

333  61 

357.44 

381 . 27 

405,1 

428.93 

452.76 

476.59 

500  42 

46 

194.78 

219.13 

243.47 

267  82 

292  17 

316,52 

340.86 

365  21 

389.56 

413.91 

438.26 

462.6 

486.95 

511  3 

45 

190  11 

224.00 

248.88 

273  77 

298  66 

323  55 

347.11 

373  33 

398.22 

423,11 

448.00 

472.88 

497.77 

522  66 

517  .■>.") 

44 

203.63 

229.09 

254 .  .54 

280  00 

305  45 

330  9 

356.36 

381.81 

407.27 

4.32  72 

458  18 

483  63 

509.09 

534.54 

560  00 

43 

208  37 

234.41 

260  46 

286.51 

312.55 

337,2 

364  65 

390.69 

416,74 

442.79 

468  63 

494.88 

520.93 

546.97 

573.02 

42 

213  33 

240.00 

266  66 

293  33 

.320.00 

346,66 

373.33 

400.00 

426,66 

453.33 

480.00 

.506.66 

5,33.33 

560.00 

.586  6« 

41 

218.53 

245.85 

273.17 

300  48 

327  8 

355  12 

382  43 

409.75 

437  07 

464.34 

491.7 

519.02 

546  39 

573  65 

600  07 

40 

224  00 

252.00 

280.00 

.  308.00 

336  00 

364,00 

392  OO 

420.00 

448.00 

476.00 

504  00 

532.00 

560  00 

588  00 

616  DO 

39 

229 . 74 

258.46 

2ST.17 

315.89 

344  61 

373  33 

402.05 

430.76 

459  48 

488.2 

516  92 

546  64 

574,35 

603.07 

631  78 

38 

235.78 

265.26 

294.73 

324  21 

353  68 

383.15 

412.63 

442,11 

471 .  .57 

.501.05 

.530,52 

.560  on 

.589.47 

618.94 

648  42 

37 

242  16 

272  43 

302  7 

332  97 

363  24 

393  51 

423,78 

454,05 

484.32 

514.59 

.544 ,  86 

575.13 

605  4 

635.67 

665  94 

36 

248.88 

280.00 

311.11 

342  22 

373  33 

405.00 

435  55 

466  66 

497.77 

528.88 

560  00 

591  11 

622  22 

653 . 33 

684  44 

35 

256.00 

288  00 

320  00 

352  no 

384.00 

416  on 

448  00 

480  00 

512.00 

544  00 

576  00 

608  00 

640,00 

672.00 

704  00 

34 

263.52 

296  47 

329  41 

362  35 

395  29 

428,23 

461,17 

494  11 

.527  05 

560.00 

592,94 

625.88 

658  82 

691  76 

724  7 

33 

271  51 

.305.45 

339  .39 

373.33 

407  27 

441.21 

475,15 

509,09 

543 . 03 

576.96 

610  9 

644.84 

678,78 

712.72 

746  66 

32 

280.00 

315  00 

350  00 

.385.00 

420  00 

455  00 

400,00 

525,00 

560.00 

595.00 

6.30,00 

665  00 

700,00 

735.00 

770  no 

31 

289 .  03 

325  16 

361  25 

.397.41 

433  54 

476.12 

505  8 

541,93 

578.06 

614  19 

6.50  32 

686  45 

722 ,  58 

758  70 

794.83 

30 

298.66 

336 .  00 

373  33 

410.66 

448.00 

485 . 33 

522,66 

560,00 

597.33 

634.33 

672.00 

709.33 

746,66 

784.00 

821  33 

2!) 

.308.95 

347  58 

386  2 

424 .  82 

463  44 

502.06 

540.68 

579,31 

617.93 

656.55 

695.17 

733.79 

772,41 

811.03 

849  65 

28 

320.00 

360  00 

400.00 

440,00 

480 . 00 

520 . 00 

560.00 

600,00 

640.00 

680.00 

720.00 

760.00 

800.00 

840.00 

880  00 

27 

331.85 

373  .33 

414.81 

4.56 .  29 

497  77 

.539  25 

580.74 

622.22 

663,70 

705.18 

746.66 

788.14 

829.62 

871 . 11 

912  59 

26 

344.61 

387 . 69 

430  76 

473  84 

512  92 

.560  00 

603  07 

646  15 

689.23 

732.3 

775.38 

818  46 

861  .53 

904.61 

947  69 

25 

3-58.40 

403  2 

448  00 

492,8 

537  6 

.582.4 

627.2 

672  00 

716.8 

761.6 

806  4 

851.2 

896  00 

940  8 

985  6 

24 

373  33 

420.00 

466.66 

513  33 

.560.00 

006.66 

653  .33 

700  00 

746,66 

793.33 

840.00 

886.66 

933.33 

980.00 

1026  66 

23 

389 .  56 

433  91 

486.95 

535  65 

584 .  34 

633.04 

681  73 

730  43 

779 , 13 

827 .  82 

876.. 52 

920,86 

973.91 

1023  6 

1071  3 

22 

407.27 

458.18 

509.09 

.560.45 

610.9 

661 . 81 

708.13 

763,63 

814.54 

863.45 

916.36 

967.27 

1018.18 

1069  09 

1120  00 

21 

426,95 

480.00 

.533  .33 

586.66 

640  00 

693  33 

746  66 

800  00 

853.33 

906  66 

960.00 

1013  33 

1066.66 

1120  00 

1173  33 

20 

448.00 

504.00 

.560.00 

616.00 

672  00 

728.00 

784.00 

840  00 

896  00 

952.00 

1008.00 

1064.00 

1120.00 

1176  00 

1232  no 

19 

471.58 

530  52 

.589,47 

648.42 

707  36 

766  31 

825.26 

884,21 

943.15 

1002.1 

1061  05 

1120  00 

1178.94 

1232.06 

1296  84 

18 

495.78 

560.00 

623.33 

684.44 

746.66 

808.88 

871.11 

933  33 

995.55 

1067.77 

1120.00 

1182.22 

1244  44 

1306.66 

1363  33 

17 

527.05 

592  94 

658.82 

724  7 

790.58 

.856  47 

922.35 

988  23 

10.54  11 

1120.00 

11S5.8S 

1251.76 

1317.64 

1.383. 52 

1448  23 

16 

560.00 

630  00 

700  00 

770.00 

840  00 

910.00 

980.00 

1050  00 

1120.00 

1190.00 

1260.00 

1330  00 

1400.00 

1470  00 

1540  no 

15 

597.33 

672  00 

746  66 

821  33 

896  00 

970  66 

1045.00 

1120,00 

1194  66 

1266.66 

1344  00 

1418.66 

1493  .33 

1568.00 

1642  66 

14 

640.00 

720  00 

800.00 

880  00 

960  00 

1040  00 

1120.00 

1200,00 

1280.00 

1360.00 

1440.00 

1.520.00 

i6no.no 

1680.00 

1760  00 

13 

689  23 

775.38 

861 .  .53 

947  69 

1033  84 

1120.00 

1206.15 

1292,3 

1378.46 

1464.61 

1.550.76 

1636  92 

1723  07 

1809.23 

1895  38 

12 

746  67 

840,00 

933  33 

1026  66 

1120  00 

1213  .33 

1306  66 

1400  00 

1493.33 

1586  66 

1680.00 

1773  33 

1866.66 

1960  00 

20.53  33 

11 

814.6 

916  36 

1018.18 

1120.00 

1221  81 

1.323  63 

1425.45 

1527  27 

1629.09 

1730  9 

1832  72 

1934  .54 

2036.36 

2138.18 

2240  00 

896.00  1008  00  1120  00  1232.00 
995.57  1120.00  1244.44  1368.88 
1120.00      1260.00      1400  00      1.540  00 


1344  OO  1456.00 
1493  33  1617  77 
1680.00      1820  no 


1.568.00  1680  00  1792,00  1904,00  2016,00  2128  00 
1742  22  1866  66  1991  11  2115  55  2240  00  2364  44 
1960,00     2100  00     2240,00     2380,00     2.520  00     2660  00 


2240  00  2352  00  2464  00 
24,88.88  2513.33  2737  77 
2800  00     2940  00     3080  00 


Table  showing  kw.-hr.  per  ton  (2240  lb.)  of  coal.     For  ditTerent  actual  evaporations  of  water  per  lb.  coal  and 


!  per  kw.  of  engine. 


I 


The  recent  decision  of  the  Supreme  Court  of  the  United 
States  in  the  Chandler-Dunbar  case  is  regarded  by  Senator 
Burton,  of  Ohio,  as  of  the  utmost  importance  because  of 
the  sweeping:  extent  to  which  it  upholds  government  owner- 
ship and  control  of  water-power  and  navigable  rivers,  and 
at  his  request  the  decision  is  being  printed  as  a  public 
document.  The  court  held  that  owners  of  the  river  banks 
or  river  bed  have  no  ownership  of  the  water-po'wer  as  against 
the  government  seeking  to  improve' a  river  for  navigation. 
Senator  Burton  laid  particular  stress  upon  that  part  of  the 
decision  which  says  that  the  government  need  not  let  the 
water-power  go  to  waste  but  may  use  it  or  lease  it  to 
private  individuals  or  concerns.  This  opinion  of  the  court 
is  evidently  a  direct  answer  to  arguments  recently  ad- 
^'anced  to  the  effect  that  after  improving  a  river  or  stream 
for  navigable  purposes  the  government  could  not  control  the 
water-power  incidentally  created  but  must  let  it  revert  to 
the    owners   of   the   abutting  property. — "Electrical   World." 


A  reservoir  of  400  acres  is  to  be  constructed  by  means  of 
two  embankments  running  from  an  island  to  the  mainland. 
The  reservoir  is  to  be  further  subdivided  into  an  upper  and 
lower  tank  by  another  embankment.  The  assumptions  for 
operation  are  as  follows:  When  the  ■water  in  the  sea  is 
higher  than  in  the  lower  reservoir  or  tank,  it  will  flow  in 
through  turbines,  the  flow  starting  some  time  after  high  tide 
and  stopping  after  the  beginning  of  low  tide.  If  the  water 
in  the  sea  be  lower  than  in  this  tank,  then  through  sluices 
it  is  to  flow  into  the  sea.  In  the  upper  reservoir,  when  the 
sea  is  higher  than  the  tank,  it  will  be  filled  through  sluices, 
and  when  lower  the  water  will  flow  off  through  turbines.  A 
uniform  tidal  amplitude  of  3  meters  is  counted  upon  and  a 
difference  of  level  of  H4  ni.  between  the  sea  and  the  tank 
actually  in  operation.  The  cost  of  producing  electricity  by 
this  means  is  estimated  at  20  to  25  mills  per  kw.-hr.  No 
necessary  expense  for  accumulators  is  expected,  and  the  cost 
of  construction   is   about    $1,000,000. — "Canadian    Engineer." 
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Primer  of  Electricity 

By  Cecil  P.  I'oole 

'  \Yave-C'o\xe(/tki)  AK.MATriiE  Wixnixcis 

Wave-connected  armature  windiiigs  have  two  peculiari- 
ties, aside  from  the  "throw"  or  spread  of  the  coil  ter- 
minals, which  distinguisli  them  from  lap  windings,  and 
these  are  important  advantages.  One  is  that  any  even 
Dumber  of  paths  through  a  winding,  up  to  the  number 
of  field-magnet  poles,  may  be  obtained  ;  the  other  is  that 
the  conductors  in   each   path   tlirough   the   winding   are 


Fig.    176.    Loxo-PiTtii   Wavk   Coxnection 

subjected  to  the  influence  of  every  ])ol('  on  the  field  mag- 
net. (In  a  sini])le  lap  winding  the  number  of  paths  is 
necessarily  equal  to  the  number  of  field-magnet  poles  and 
the  conductors  in  each  path  are  influenced  by  only  two 
of  the  field-magnet  poles  at  one  time,  no  matter  how 
many  there  may  be.) 

The  number  of  paths  through  a  wave  winding  is  de- 
termined by  the  number  of  coils  in  the  winding  and  tlie 
distance  apart  of  the  terminals  of  each  coil  at  the  com- 
mutator ;  the  latter  is  called  the  commutator  "pitch," 
and  is  reckoned  in  commutator  bars.  For  example,  in 
Fig.  177,  the  right-hand  terminal  of  each  coil  is  connected 
to  the  commutator  seven  bars  distant  from  the  left-hand 
terminal :  the  commutator  pitch  in  this  case,  therefore, 
is  7. 

For  all  machines  except  those  having  half  as  many 
armature  paths  as  there  are  field-magnet  poles,  or  an 
equal  number  of  both,  there  is  only  one  possible  com- 
mutator pitch  for  a  wave  winding  having  a  given  num- 
ber of  coils  and  paths;  for  machines  in  which  the  num- 
ber of  paths  equals  the  number  of  poles  or  one-half  that 
number,  there  are  two  possible  commutator  pitches  for 
each  combination  of  coils,  poles  and  paths.     These  are 


commonly  called  "slunl  pitch"  and  "long  pitch,"  because 
the  terminals  of  each  coil  are  connected  to  the  com- 
mutator farther  apart  in  one  case  than  in  the  other.  Figs. 
176  and  177  illustrate  these  statements;  both  diagrams 
show  a  pair  of  coils  of  a  15-coil,  two-path  winding  having 
equal  spread  or  core  pitch  but  dilferent  commutator 
pitches.  In  Fig.  176  the  coils  ate  connected  with  long 
pitch  and  in  Fig.  177  with  short  pitch;  the  pitch  in  the 
former  diagram  is  8  and  in  the  latter  it  is  7, 

The  short-pitch  connection  is  preferable  in  all  t'ases, 
because  it  results  in  fewer  crossings  between  the  leads 
from  the  winding  to  the  commutator.    As  Fig.  176  shows, 


Fig.    i: 


Short-Pitch  Wave   Conxection 


the  right-liand  terminal  of  the  second  coil  in  each  series 
of  two  crosses  the  left-hand  terminal  of  its  mate  when 
the  long-pitch  connection  is  used ;  coils  1  and  9  form 
the  series  pair  shown  here.  In  Fig.  177,  this  crossing 
does  not  occur.  Coils  1  and  8  form  a  series  pair,  the 
short-pitch  connection  causing  coil  1  to  be  connected  to 
coil  8  instead  of  coil  9  as  in  Fig.  176,  and  the  right-haiid 
lead  of  coil  8  does  not  cross  the  lead  of  coil  1. 

The  short-pitch  connection  gives  a  left-lianded  pro- 
gression in  the  winding  and  the  commutator  sequence. 
The  progression  is  reckoned  by  neighboring  coils  ami 
commutator  bars,  as  in  the  ease  of  lap-connected  wind- 
ings, but  the  path  passes  through  two  coils  in  series  ( in  a 
four-pole  machine)  before  reaching  the  neighboring  coil 
and  bar.  Reference  to  Fig.  178  will  make  this  clearer. 
Tracing  from  bar  1  through  coil  1,1'.  it  is  necessary  to 
trace  on  through  coil  8,  8'  in  order  to  get  to  the  ad- 
jacent bar.  This  bar  is  No.  15  and  the  progression  is, 
therefore,  left-handed  or  counter-clockwise. 

In  a  four-pole  wave  winding  the  progression  is  double, 
because  of  the  fact  that  the  path  from  one  commutator 
bar  to  its  neighbor  leads  through  two  coils  in  series.  The 
progressions  in  Fig.   178  are  as  follows: 
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Primary  pTvn 

Bar     1  thn.uKh  Coil     I.  1' 

Bar  15  tliroui;"  C.>il  If).  15' 

Bar  11  ll,r.>uKli  Ci.il  14,  14' 

Bar  Ki  tliruucn  C.il  l.'),  13' 

Bar  12  lliroviKh  Coil  12.  12' 

Bar  11  llironch  Coil  11,  U' 

Bar  1(1  tnrouKh  Coil  II),  10' 

Bar    n  through  Coil     9.  S' 


Secondary  progression 
Bar  8  and  through  Coil  8,  .S'  to 
Bar  7  and  through  Coil  7,  7'  to 
Bar  0  BTid  through  Coil  6,  G'  to 
Bar  5  and  througn  Coil  5.  5'  to 
Bar  4  and  through  Coil  4,  4'  to 
Bar  3  and  through  Coil  3,  3'  to 
Bar  2  and  through  Coil  2,  2'  to 
Bar  1. 


Reading  down  the  colunins  gives  the  progressions. 

It  will  be  noticed  that  the  two  paths  arc  not  equal ; 
one  passes  through  eight  coils  and  the  other  through 
.seven.  This  is  objectionable  because  the  electromotive 
icy    '*     iV 


Fig.   178.    Four-Polk   Two-Path   Wixn- 
IK(i   WITH    15   Coii.s 

forces  induced  in  the  two  paths  are  not  quite  equal,  but 

in  machines  of  medium  and  large  sizes  the  difference  is 

not  serious  because  the  number  of  coils  is  so  large. 

The  general  relation   between   the  commutator  pitch, 

number  of  coils,  number  of  armature  paths  and  number 

of  field-magnet  poles  is  given  by  the  formula : 

Foles  X  pitch  +  or  —  pal/is  ,         .      .. 
=  II K  III  tier  of  rnils 

This  formula  may  be  stated  in  rule  form,  thus : 

1,  A  simple  ware  winding  to  contain  a  stated  number 
uf  paths  must  contain  n  coils  more  or  less  than  a  multiple, 
of  one-half  the  number  of  magnet  poles,  n  being  one- 
half  the  number  of  paths.  (The  multiplier  is  the  commu- 
tator pitch.) 

Example :  Number  of  poles  :=  8 ;  number  of  coils, 
somewhere  around  2.50 ;  number  of  paths  desired  =  4. 
One-half  the  number  of  magnet  poles  is  1,  and  the  multi- 
ples of  4  that  are  nearest  to  250  are  248  and  252.  One- 
half  the  number  of  paths  is  3 ;  therefore  the  winding 
may  contain  2  more  or  less  than  248  coils,  or  2  more  or 
less  than  252  coils — in  other  words,  246,  250  or  254 
coils  may  be  used. 

//.  Hie  commutator  pitch  of  a  .simple  wave  winding 
is  equal  to  twice  the  number  of  armature  coils  plus  or 
minus  the  number  of  paths  and  divided  by  the  number 
of  field-magnet  poles.  (The  dirisiim  must  he  irilhoiif  a 
remainder.) 

Example:  Number  of  coils  =  181 
=  2;  number  of  poles  =  6.  The 
must  be  either 


number  of  paths 
■omniutator   pitch 


2  X  181  -I-  2 


X  181 


G  6 

Since  2  +  181  +  2  =  36.3.  it  is  not  divisible  by  6  with- 
Dut  a  remainder,  and  the  iiitch  must  lie,  therefore. 


///.  The  number  of  paths  in  a  wave  ir  in  ding  is 
equal  to  the  dijjerence  between  twice  the  number  of  cuils 
and  the  product  of  poles  X  commutator  pitch. 

Example:  Number  of  coils  =  182;  number  of  poles 
=  6 ;  commutator  pitch  =  60.  The  number  of  paths 
through  the  winding  is 

(2  X  182)  —  (6  X  60)   =  4 


Fig.  179.    JIaximuji  C'riOssixG,  Due  to  Usixg  the 
S.MALI. Eli   Available   Nimber  of  Coils 

IV.  A  wave  winding  containing  a  number  of  coils 
exactly  divisible  by  one-half  the  numb'er  of  field-magnet 
poles  will  contain  a.s  many  paths  fl.s-  there  are  magnet 
poles. 

Example:  A  four-pole  machine  has  30  armature  coils 
and  the  commutator  pitch  is  14.  According  to  Eule  III 
the  number  of  paths  is 

(2  X  30)  —  (4  X   14)   =  4 

Almost  all  wave-connected  windings  used  in  this  coun- 
try are  of  the  two-path  kind  and  are  put  chieiiy  on  ma- 
chines of  small  and  medium  sizes.    As  the  average  readei 


Fig.  180.    Minimum  Crossixg,  Due  to  Fsixg  the 
Lakger  Available  Number  of  Coils 
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1  tliis  series  will  have  to  deal  largely  with  maehines  of 
his  elass  it  may  he  useful  to  have  Kules  I  and  11  niodi- 
ied  to  apply  to  such  machines ;  thus : 

I-a.  A  firo-palh  ivave  windiiitj  iniisl  cottlain  oaf  ciiil 
iiurr  ur  li's.s  IIkiii  an  exact  multiiile  uf  uiir-lialf  the  niiin- 
<er  of  tifhl-iiKii/iirl  poles. 

ll-a.  I'hr  idiiiiiiulalor  pilvli  of  a  livo-palh  irarr  iriiid- 
n(j  in  i'((iHd  lo  lirice  Ihe  niunber  of  coila  plus  or  iitiiiii.s 
>,,  diridcd  bi/  the  number  of  field-magnet  poles. 

Consideration  of  Rules  I  and  1-a  will  show  that  there 
ire  two  numbers  of  coils  that  can  be  used  for  each  com- 
(ination  of  other  features.  For  example,  a  six-pole  ma- 
;hine  could  ha\e  a  two-path  winding  with  either  l-t9  or 
^51  coils,  with  a  lommutator  pitcli  of  50;  or  a  winding 
)f  either  Ifil  or  103  coils  with  a  commutator  pitch  of 
54,  and  so  on.  This  is  due  to  the  "plus  or  minus"  fea- 
ure  of  the  rule — "one  coil  more  or  less"  than  a  certain 
lumber,  which  number  is  the  product  of  poles  X  com- 
nutator  pitch.  It  is  better  to  use  the  larger  of  the  two 
ralues,  because  there  are  fewer  crossings  of  armature  leads 
md  the  neighboring  leads  of  each  set  of  series  coils  do 
lot  cross  each  otlier. 

This  principle  is  illustrated  by  Figs.  179  and  180.  The 
'ormer  is  a  17-coil  winding  and  the  latter  a  19-coil  wind- 
ng  for  a  six-pole  machine,  the  pitch  being  six  in  both 
;ases.  The  17-coil  winding  contains  one  coil  less  and 
;he  19-coil  winding  one  coil  more  than  an  exact  multiple 
(18)  of  one-half  the  number  of  magnet  poles  In  the 
'ormer,  the  starting  lead  a  of  coil  1  is  crossed  by  the  lead 
J  of  coil  13 ;  the  three  coils  1,  7  and  13  forming  a  series 
set.  In  Fig.  180,  where  the  coils  1,  7  and  13  also  form 
1  series  set,  the  leads  of  coils  1  and  13  do  not  cross  one 
mother. 


Novel  Transformer  Connections 

A  short  time  ago  it  became  necessary  to  increase  the 
capacity  of  one  of  our  stations  whicii  distributed  by  a 
three-phase,  2300-volt  system.  The  only  machine  im- 
meduitely  available  was  a  100-kw.,  1100-volt,  two-phase, 
belt-driven  alternator.  By  the  use  of  three  stoc'k  trans- 
formers, connected  as  shown  in  Fig.  1.  however,  we  were 
enabled  to  parallel  this  machine  with  the  other  generators. 
This  was  accomplished  as  follows: 

The  alternator  had  two  separate  windings  brought  out 
to  four  taps,  the  two  outside  ones  of  which  were  connected 
together,  forming  a  two-phase,  three-wire  system.  The 
transformers  M  and  N  were  of  50  kv.-a.  each  and  had 
two  primary  coils  to  adapt  them  to  either  1100  or  3300 
volts.  Tlie  ])rimary  coils  were  connected  in  series  as  for 
3200  volts  and  the  center  taps  were  l)rought  out  through 
the  case. 

Connections  were  made  to  the  generator,  see  Fig.  1,  so 
that  the  right  half  of  transformer  M  got  1100  volts  be- 
tween .4,  and  ,4,,  and  the  left  half  of  transformer  N,  1100 
volts  between  B,  and  B,.  This  set  up  an  auto-trans- 
former effect,  inducing  lioO  volts  across  the  left  half  of 
.V  and  the  right  half  of  N :  that  is,  the  total  voltage  across 
the  outside  terminals  of  both  transformers  M  and  X  was 
14300  volts. 

Consideriiiff   onlv   the   terminals    CD    and    EF   of   ihe 


transformer,  this  made  practically  a  two-phase,  3":li)0-\olt 
circuit.  The  connection  from  E  to  the  middle  point  of 
transformer  ^.1/  converted  this  to  a  three-phase  system, 
with  phases  across  CF,  DF  and  CD.  This,  however,  gave 
a  poor  balance,  so  one-half  of  the  secondary  coil  of  M 
was  connected  in  circuit  as  shown,  both  transformers  be- 
ing 440-32(1  \'ohs  nil  ilic  secondary  side.     In  addition,  a 
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Fig.  1.    TiJAxsFoiiMKi;  Conxections 

5-kv.-a.  transformer  /'  was  placed  across  CI)  and  the  sec- 
ondary was  connected  in  series  with  B. 

The  voltage  between  B  and  C,  also  ^4  and  C  is 


V  3300'i  +  (1100  -f  320)2  =  25G5 

as  represented  in  the  vector  diagram,  Fig.  3. 
The  voltage  across  A  and  B  is 

3800  +  330  +  320  =  3640 
as  is  also  shown  in  the  diaiii-aiii. 
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Fig.  3.   Graphic  Representation 

OF    A'oLTAdKS 

By  cutting  down  the  generator  voltage  by  means  of  the 
field  rheostat  from  1100  to  1000  volts,  the  voltage  across 
AB  was  reduced  to  2400  and  across  both  AC  and  BC  to 
3330.  The  remainder  of  the  secondary  coils  were  taped 
and  were  not  used. 

Eaki.  R.  Filkins. 

Dixon,  111. 
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Make-and-Break  Igniters 

By   Kaiil    P.\(ii:rr 

Tlie  make-and-ljR'ak  ignilioii  systuiu  i.<  usually  e-ou- 
sidercd  the  simplest  method  of  gas-engine  ignition.  There 
are,  however,  many  puzzling  peculiarities  found  in  con- 
nection with  its  operation,  especially  to  the  noviie. 

A  few  of  these  will  be  taken  up  and  e.xplained  hrielly. 
although  it  is  first  necessary  to  understand  the  operation 
of  the  igniter.  This  system  consists  essentially  of  ( 1 ) 
a  source  of  electric  current :  ('2)  a  pair  of  electrodes,  one 
movable  and  one  stationary;  (3)  a  bwly-piece  in  which 
lo  mount  the  electrodes;  and  (4)  a  tri]iping  and  timing 
mechanism. 

Oi-Ei!.(Tiox  OF  Igxitki: 

The  source  of  current  is  usually  either  a  number  of 
dry  cells,  a  magneto,  a  storage  battery  or  a  combination 
of  magneto  and  battery.     From  three  to  five  amperes  at 


Fig.  1.    Statio.\.u!y  axd  Movable  Igxitek 
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six  or  eight  volts  is  sufficient.  Any  more  than  this  only 
burns  the  points  needlessly.  Fig.  1  represents  a  pair 
of  electrodes  in  which  .-1  is  the  stationary  and  E  the 
movable  members.  They  project  into  the  cylinder  and 
the  points  CC  are  brought  together  and  separated  quickly 
by  the  tripping  mechanism  at  the  proper  instant,  causing 
ignition  of  the  gas  by  the  resultant  arc. 

The  stationary  electrode  is  insulated  from  the  body- 
piece  with  mica,  or  some  other  heat-resisting  noncon- 
ductor The  positive  wire  is  usually  connected  to  this 
electrode  and  the  negative  wire  is  grounded  to  the  engine 
frame,  but  not  necessarily,  as  either  way  will  do. 

The  movable  electrode  consists  of  an  arm  D  and  a 
stem  E,  Fig.  1.     The  arm  D  carries  the  point  C,  and  the 


stem  passes  through  the  body  and  the  actuating  median 
ism  is  attached  to  the  outer  end.  A  shoulder  /•'  seati 
against  the  body-piece  and  right  here  is  where  troubN 
often  occurs  as  will  be  explained  later. 

The  body-piece  is  made  the  most  convenient  shape  ti 
receive  the  electrodes  and  hold  the  tripping  and  turn 
ing  mechanism.  The  hole  through  which  the  stem  o: 
the  movable  electrode  passes  is  made  of  such  size  as  t( 
make  a  running  fit  with  the  stem.  The  hole  for  the  in 
sulated  electrode  is  made  somewiiat  larger  than  the  elec 
trode  stem  and  is  counterl)ored  at  eai-li  end  to  receivi 
the  insulating  washers,  as  shown.al  BB,  Fig.  2. 

Fig.  3  shows  the  tripping  and  timing  mechanism  a 
one  form  of  this  class. of  igniter.  Nearly  all  others  of  tliii 
class  work  similarly.  The  arm  .1,  Fig.  3,  is  fastenec 
rigidly  to  the  end  of  the  movable  electrode  .stem  with  tin 
half-round  taper  pin  at  B.  The  arm  C  does  not  fastoi 
to  the  movable  stem,  but  has  an  opening  which  tits  ove; 
the  stem  behind  .1.  The  edge  of  C  is  bent  over  arm  A 
on  top  and  also  under  it,  and  rests  on  the  pin  //  at  thi 
bottom,  lea\ing  a  lip  at  E  to  be  engaged  by  the  finger  P 
A  spring  D  fits  on  a  pin  in  tlu'  lower  part  of  ('  and  int( 
a  hole  in  A;  another  spiing  U   also  tits  over  a  jiin  in  th( 


Fig.  3.    Ignition  Syste:\[  Outside  the  Cylixdek 

upper  part  of  C  and  into  a  hole  in  a  pin,  which  is  screwe 
into  the  body  of  the  igniter.  The  operation  is  as  fol 
lows:  The  rod  J  is  given  an  oscillating  motion  from  a 
eccentric  on  the  camshaft,  and  the  finger  engages  the  li 
E,  raising  both  the  arms  A  and  ('  until  the  jioints  aJ 
brought  together  in  the  cylinder  or  valve  chamber.  aft< 
which  there  is  no  further  upward  movement  of  .1.  Tl 
arm    C    continues    upward,    howe\er.    rcjmpressiug    bol 
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springs  D  and  D' ,  until  the  instant  of  ignition,  when  tlie 
finger  slips  off  tlie  lip  E  and  allows  the  springs  to  force 
C  onto  A,  thereby  opening  the  circuit  quickly  and  caus- 
ing the  arc  between  the  points  on  the  inside  of  the  cylin- 
der. A  spring  inside  at  A'  allows  the  finger  to  push  back 
and  pass  E  on  the  return  stroke,  after  which  the  cycle 
is  repeated. 

lOXITEli    TliOl'BLlCS 

The  troubles  willi  this  class  of  igniter  may  be  either 
mechanical  or  electrical.  The  most  common  is  the  stick- 
ing of  the  movable  electrode  in  the  body  of  the  igniter. 
To  the  novice  this  may  appear  to  be  due  to  insufficient 
lubrication,  but  it  is  usually  caused  by  the  stem  being 
covered  with  carbon.  This  is  because  the  shoulder  does 
not  fit  tightly  against  its  seat,  and  allows  the  burning 
gases  to  leak  past  the  shoulder  and  burn  the  oil  on  the 
stem,  causing  it  to  stick  If  this  shoulder  is  ground  to  a 
tight  fit  with  oil  and  emery  the  chances  are  that  no 
more  trouble  will  be  experienced  in  this  line.  The  shoulder 
can  be  ground  by  fastening  the  igniter  in  a  vise  and  turn- 
ing the  stem  with  a  breast  drill  or,  better  still,  chuck 
the  end  of  the  stem  in  a  lathe  or  drill  press,  hold  the 
body  and  let  the  machine  turn  the  stem. 

Tlie  insulated  electrode  will  have  to  be  removed,  so 
that  the  stem  can  turn  all  the  way  around.  It  is  best  not 
to  try  to  change  stems  at  all.  When  the  point  becomes 
too  short  on  this  electrode,  take  it  out  and  put  in  a  new 
point.  If  it  is  inconvenient  to  have  the  engine  out  of 
commissiou  long  enough,  it  will  pay  to  have  an  e.vtra 
igniter  on  hand. 

In  order  to  prepare  the  body  for  a  new  electrode  it  is 
necessary  to  drill  out  and  bush  the  hole  square  to  fit  the 
new  shoulder.  In  dialling  out  the  hole  for  the  bushing, 
a  drill  of  about  the  same  diameter  as  the  outer  diameter 
of  the  shoulder  should  be  used.  One  inch  is  deep  enough 
to  drill.  After  the  hole  is  drilled  a  brass  or  cast-iron 
plug  is  turned  to  a  snug  driving  fit,  driven  in  and 
cut  off  flush  with  the  body.  The  hole  is  then  drilled 
through  this  plug  from  the  opposite  end  with  a  drill  of 
the  same  size  as  the  original  hole.  This  makes  a  neat 
job,  as  shown  by  the  dotted  lines  in  L,  Fig.  2.  The  new 
electrode  can  now  be  ground  to  this  and  the  igniter  is  as 
good  as  new. 

Another  source  of  troid)le  is  in  the  contact  points.  Some 
builders  use  points  of  such  small  diameter  that  they  soon 
burn  off  so  short  that  the  tripping  mechanism  cannot 
bring  them  together  properly.  This  necessitates  taking 
out  the  old  points  and  putting  in  new  ones.  While 
some  builders  use  platinum  for  these  points,  cold-rolled 
steel  will  answer  well,  excepting  that  it  will  not  last 
quite  as  long.  It  has  been  the  writer's  practice  in  point- 
ing the  movable  electrode  to  turn  %-in.  round  cold-rolled 
steel  down  on  one  end  to  fit  the  hole  in  the  electrode, 
drive  it  through  to  the  shoulder  and  head  it  over  on  the 
other  side.  For  the  stationary  electrode,  a  piece  of  the 
same  kind  of  material  %  in.  diameter  by  %  in.  long  is 
drilled  and  tapped  axially  and  the  stem  is  screwed  into 
it.  All  that  is  required  to  renew  the  points  then  is  to 
loosen  the  nut  on  the  outer  end  and  turn  this  electrode 
so  that  the  point  on  the  movable  electrode  finds  a  new 
contact  on  the  -^-in.  disk. 

The  same  material  should  be  u.sed  for  the  disk  that  is 
used  for  the  point  because  if  contacts  of  dissimilar  metals 
are  used,  a  deposit  from  one  seems  to  form  on  the  other 


and  this  will  cause  poor  contact  and  a  weak  spark  will 
result. 

Another  trouble  that  sometimes  arises  and  is  hard  to 
locate  is  caused  by  a  point  working  loose  in  its  socket. 
It  may  be  hardly  loose  enough  to  detect,  but  the  joint 
tends  to  soot  over  and  poor  contact  results.  The  points 
must  be  kept  tight. 

Providing  the  source  of  current  is  not  to  be  questioned, 
the  electrical  faults  may  be  either  grounding  of  the  in- 
sulated side  or  poor  contact.  The  following  simple  test 
will  usually  identify  the  trouble.  With  the  igniter  tripped 
and  with  current  turned  on,  disconnect  the  wire  from  the 
insulated  electrode.  Touch  it  firmly  to  the  body  of  the 
igniter  or  any  convenient  part  of  the  engine  frame  and 
let  it  spring  off  quickly.  If  a  good  .spark  results  the 
source  of  current  and  the  conductors  to  the  igniter  are  all 
right. 

Next  touch  the  wire  to  the  insulated  electrode.  If  a 
spark  occurs  here  this  electrode  is  grounded.  If  none  oc- 
curs it  is  as  it  should  be.  Now  push  up  the  tripping 
mechanism  until  the  points  are  together  and  repeat  the 
operation  on  the  insulated  electrode.  If  a  good  spark 
occurs  the  points  are  clear  hut  if  no  spark  or  a  very  weak 
one  occurs,  the  trouble  is  in  the  points. 

Lubricating  troubles  are  seldom  experienced  with  the 
igniter  stems  on  four-stroke-cycle  engines.  Some  trouble 
is  experienced  at  times,  however,  with  the  igniters  on  two- 
stroke-cycle  engines.  This  can  be  traced  to  the  fact  that 
there  is  a  sort  of  endwise  check-valve  action  to  the  stem 
on  the  four-stroke-cycle  machine  that  is  absent  on  the 
two-stroke-cycle  engine.  That  is,  the  shoulder  is  pushed 
against  its  seat  during  the  compression,  e.xplosion  and 
exhaust  strokes  and  is  pulled  away  during  the  suction 
stroke  of  the  four-stroke-cycle  engine,  while  the  shoulder 
is  held  against  the  seat  at  all  times  in  the  two-stroke-cycle 
engine.  In  the  latter  case  it  is  difficult  to  get  oil  to  the 
shoulder  and  the  inner  end  of  the  stem  without  flooding 
which  usually  causes  troulile  through  the  formation  of 
carbon. 

The  writer  has  had  favorable  results  by  oiling  the 
stems  only  when  they  are  taken  out  and  cleaned  after  a 
run  of  168  to  840  hr.  and  using  then  only  an  amount 
that  could  be  rubbed  on  with  the  finger.  Some  of  the 
late  engines  have  the  igniters  water-jacketed,  which  prac- 
tice tends  to  keep  down   carbon   trouble. 


Anyone  who  woriis  \vith  Kas  eiiKines.  coke  ovens  oi"  gas- 
oline apparatus  that  requires  vapors  rich  in  hydrogen,  has 
been  at  one  time  or  another  confronted  with  preignition  dif- 
ficulties. To  these  the  method  of  Dugald  Clerk  comes  as  a  most 
timely  help.  His  procedure  is  to  substitute  for  the  air  in  the 
gaseous  charge,  some  of  the  cooled  exhaust  products.  Thus 
the  inert  gas  which  is  added  reduces  all  chance  of  inflam- 
mability by  greatly  diminishing  the  oxygen  yet  without  di- 
minishing to  any  appreciable  degree  the  total  power  of  the 
charge. 

Another  discovery  of  Dr.  Clerk  while  on  the  Gaseous  Ex- 
plosion Committee  of  the  British  Association,  was  that  the 
greater  part  of  the  heat  was  lost  during  the  expansion  stroke 
which  occurs  at  the  crest  of  the  temper%ture  wave.  This  he 
proved  to  be  not  a  surface  loss,   but  a  loss  by   radiation. 


According  to  the  United  States  Geological  Survey,  the 
quantity  of  coal  used  for  coke  making  in  the  United  States 
in  1912  was  65,485,801  short  tons.  The  coke  produced  from 
this  coal  amounted  to  43.916,834  short  tons,  valued  at  $111.- 
523.336.  besides  large  quantities  of  gas,  tar,  benzol,  ammonia, 
etc.,  as  byproducts  from  the  11,048,489  tons  of  coke  produced 
in.  byproduct   ovens. 
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Capacity  of  Ammonia  Compressors 

By    H.   L.  Mossm.\n 

'I'hc  acconipanying  skotclics  show  some  diagrams  taken 
fidiii  ammonia  compressors.  Fig.  1  is  a  diagram  taken 
lioiii  a  double-acting,  wet-compression  machine  with  weak 
siu-l  ion-valve  springs.  As  will  be  seen,  there  is  no  pro- 
jection lielow  the  suction  line,  the  weak  springs  causing 
the  valves  to  leak  slightly.  The  cylinder  diameter  is  19 
in.;  the  stroke,  36  in.;  the  speed,  -tO  r.p.m. ;  head  pres- 
sure, 190  lb.;  back  pressure,  17  lb.,  and  the  spring  100. 

Fig.  2  shows  the  result  of  running  a  compressor  at  too 
high  piston  speed  for  the  size  of  the  suction  valves.  The 
machine  was  running  at  130  r.p.m.,  single  acting,  against 
a  head  pressure  of  153  lb.,  and  suction  of  20  lb.  gage. 

The  apparent  tonnage  of  the  machine,  while  running 
at  120  r.p.m.,  is  figiired  as  follows:  Area  of  cylinder, 
78.54   sq.iu. ;  capacity  in  cubic  inches,   78.54   X    IS   == 


Cylineier  19x36" 
Speed  40  Rp.m. 
Spring  100  Lb 
Head  Pressure  190 Lb 
Back  Pressure  17 Lk 


Fig.   1.    Wkak   SrfTiox-VALVE  Spring 

1413.72  cu.in.:  cubic  feet  dis]ilacen)cnt  per  minute  at  100 
per  cent,  efficiency, 

1413.  T2  X  130 


1728 


=  98  ru.ft. 


As  the  diagram  shows  a  reexpansion  loss  of  8  per  cent., 
the  amount  of  gas  that  can  enter  the  cylinder  is  93  per 
cent,  of  its  volume. 

The  loss  due  to  the  low  suction  pressure  in  the  cyl- 
inder, caused  by  the  high  speed,  is  as  follows:  The  suc- 
tion pressure  shown  by  the  gage  is  20  lb.  or  34.7  lb.  abs. 
The  pressure  in  the  cylinder,  as  shown  by  the  diagram,  is 
23.7  lb.  abs.    Therefore, 

2:5.7  _^  34.7  =  (58.3  per  cent. 
This  means  that  due  to  the  Avop  in  suction  pressure,  each 
cubic  foot  of  gas  in  the  compressor  represents  only  68.3 
per  cent,  of  ammonia  by  weight  that  there  would  have 
been  had  the  gage  suction  pressure  been  realized  in  the 
cylinder.     The  apparent  efficiency  is 

0.92  X  0.683  X  100  =  62.8  per  cent. 

The  actual  displacement  then  (M|nals 

98  X  0.628  =  61.54  cu.ft.  per  niin. 


The  cubic  feet  of  gas  required  jicr  minute,  as  shown  m 
Table  1,  at  153  lb.  head  pressure  and  2(i  lb.  suction  inci- 
sure, is  3.34  and 

61.54 
3.34 


18.4  fon.i 


Using  Table  2,  which  gives  the  refrigerating  effect  of  1 

cu.fi.  of  gas  in  B.t.u.  at  different  pressures,  the  tonnage  is 

59  X  61.5 
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=  18.14 


When  card  B  was  taken  the  machine  had  been  slowed 
down  to  85  r.p.m.  The  head  pressure  was  153  lb.,  the 
suction  pressure  35  lb.  gage,  or  39.7  lb.  abs.,  and  the  suc- 

TABLE  1.     Cr.FT.  GAS  REQUIRED  PER  MIN.  TO  PRODUCE  1  TON 
REFRIGERATION  IN  24  HR.  AT  DIFFERENT  PRESSURES 
Temp,  of  Gas,  Deg.  F. 


Temp,  of 

65 

70 

76 

SO 

85 

90 

95 

100 

105 

Gas, 

Press. 

Gage  Press. 

Deg.  F. 

Gage 

103 

115 

127 

139 

153 

168 

184 

200 

218 

—  27 

1 

7.22 

7.3 

7.37 

7.4B 

7.54 

7.62 

7.7 

7.79 

7,88 

—  20 

4 

5.84 

5.9 

S.96 

6.03 

6.09 

6   16 

6.23 

6.3 

6.43 

—  15 

6 

5.35 

5.4 

5-46 

5.52 

5.58 

5.64 

5.7 

5.77 

.•..8H 

—  10 

9 

4.66 

4.73 

4.76 

4.81 

4.86 

4  91 

4.97 

5.05 

,VOS 

—  5 

13 

4.09 

4.12 

4.17 

4  21 

4.25 

4  3 

4.35 

4.4 

4  44 

0 

16 

3  59 

3.63 

3.66 

3  7 

3.74 

3.78 

3.83 

3.87 

3  til 

5 

20 

3  20 

3.24 

3  27 

3  3 

3.34 

3  38 

3.41 

3  45 

3  49 

10 

24 

2.87 

2.9 

2  93 

2.96 

2  99 

3  02 

3  06 

3.09 

3   12 

15 

28 

2  59 

2  61 

2,65 

2 .  08 

2  71 

2  73 

2  76 

2  8 

2  S2 

20 

33 

2  31 

2  34 

2.36 

2.38 

2,41 

2.44 

2.46 

2.49 

2  51 

Card  A 
Cylinder  10x18" 
120  Rp.m. 

/ 

f 

r 

j<:^ 

^  / 

20Lb.6age'i4.7Lh.Abs 
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TT 
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/ 

^\ 
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Card  B 

Cylinder  10x18" 

85  Rp.m. 

I 

y 

25Lb.6age=S3.7Lh.Ab5.^ 

€> 

4 

TT 

Afmc 

sphe 

l-e-v 

-\> — 

Vacui 

/my 

% 


34.7  Lb  Abs 

Fig.  2.   Result  of  High  Speed  for  Size  of 
Suction  Valve 

tion  pressure  by  card  20  lb.  gage,  or  34.7  lb.  abs.  The 
cylinder  displacement  ])er  minute  at  IHO  per  cent,  effi- 
ciency is 

1413.73  X  85 


1738 


=  (I'.i.S  cii.ft. 


Deducting  the  loss  of  5  per  cent.,  due  to  reexpansion. 
leaves  95  per  cent,  of  the  cylinder  volume.  The  suction 
pressure  by  card  being  34.7  lb.  abs.  and  by  gage  39.7  lb. 
abs.  reduces  the  density  of  the  vapor  to  87.4  per  cent., 
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idiie  to  the  ditt't'rence  in  suction  pressures.     The  apparent 
efScieney  is  then 

0.95  X  0.874  X  100  =  S3  per  cent. 
The  actual  disphicement  is 

83  X  69.5  =  67.7  cu.ft. 
According  to  Table  1  this  would  give 
57.: 
2.'.)-i 


=  19. 7G  tons 


To  be  able  to  compare  the  two  figures  of  apparent  ton- 
nage obtained  from  cards  A  and  B  of  Fig.  2  it  is  neces- 
sary to  equalize  the  suction  pressures.  The  compressor 
working  at  120  r.p.m.  and  25  lb.  instead  of  20  lb.  back 
pressure  would  probably  show  an  apparent  tonnage  of 


18.4  X  3.34 
2797 


=  30.7  tons 


REFRIGER.^TING  EFFECT  OF  ONE  CU.FT.  OF  AMMONIA 
GAS    AT    DIFFERENT    PRESSURES 


Temp,  of    Suction 

Gas,  Press,, 

1  Deg.  F.       Gage 


7(1 


103 


115 
27  3  27.01 
33  74  33.40 
36.36  36.48 
42.28  41.84 
48.31  47.81 
54.88  54.32 
61.50  60.87 
68,66  67.97 
75.88  75,12 
85  15  84.30 
95.50  94.54 


Temp,  of  Liquid  in  Deg.  F. 
75  80  85  90  9 

ndenser  Press.  Gage 


127 


139 


1.53        168 


184 


26  73  26  44  26.16  25.87  25.59 
33.04  32,70  32,34  31,99  31,64 
36,10  35,72  35,34  34.96  34.58 
41.41  40.97  40.54  40.10  39.67 
47.32  46,82  46,33  45,83  45.34 
53.76  53.20  52.64  52.08  51.52 
60.25  59.62  59,00  58,37  57.75 
67.27  66.58  65.88  65.19  64.49 
74.35  73.59  72,82  72,06  71.29 
83.44  82.59  81.73  80,88  80.02 
93.59  92.63  91.68  90.72  89.97 


200 
25  30 


44.84 
50  96 
57,12 
63,80 
70.53 
79.17 
88.81 


218 
25.02 


44.35 

50  4 

56,5 

63,1 

69.76 

78.31 

87.86 


The  increase  in  speed  of  the  machine  from  85  to  120 
r.p.m.  increased  the  apparent  tonnage  only  from  19.76  to 
20.7,  or  0.94  ton.  In  these  calculations  the  effect  of 
superheating  in  the  compressor  has  not  been  taken  into 
consideration,  and  this  factor,  depending  somewhat  on 
the  design  and  operation  of  the  machine,  would  reduce 
the  actual  refrigerating  effect  to  from  85  to  90  per  cent, 
of  the  apparent  values  obtained. 

It  is  well  when  speeding  up  a  compressor  to  apply  the 
indicator  and  see  that  the  suction  pressure  in  the  cylinder 
is  not  reduced  too  much  below  that  shown  by  the  gage. 

Figuring  Power  for   Refrigerating 
Plants 

By  Sajiuel  Sydney 

Before  reasonalily  accurate  simple  computations  regard- 
ing the  power  required  for  any  given  ice-making  or  re- 
frigerating duty  can  be  made  it  is  essential  that  a  correct 
basis  for  determining  the  amount  of  heat  removal  and  a 
fi-xed  unit  of  refrigerating  capacity  be  known.  Concern- 
ing the  heat  removal  not  only  must  the  sensible  and 
latent  heat  to  be  removed  from  the  material  involved  be 
kiidwii,  but  also  the  various  amounts  of  heat  leakage. 

II'  it  is  known  that  the  goods  placed  in  a  room  for  cool- 
ing or  the  liquid  placed  in  a  can  for  freezing  are  at  a 
certain  tem]iGrature  and  must  be  reduced  to  another  tem- 
perature, it  is  essential  to  have  a  correct  basic  rating: 
first  for  the  sensible  heat  of  the  material ;  second  for  the 
latent  heat,  if  its  state  is  changed  liy  the  cooling,  as  in 
freezing  water,  and  third  for  the  quantity  of  heat  that 
will  flow  from  other  near-by  bodies  to  the  article  being 
cooled  or  frozen. 

To  measure  sensible  heat  there  are  various  temperature- 
measuring  instruments,  sufficiently  accurate  for  nearly 
all  lurnoses,  so  that  this  factor  may  be  passed  over.    All 


.Milistances  also  absorb  heat  at  constant  temperature  when 
they  change  their  state  from  solid  to  liquid  or  from 
liquid  to  gas,  and  this  amount  of  heat  is  again  made 
latent  when  they  change  back  to  their  original  state.  To 
forget  to  allow  for  this  latent  heat  might  prove  a  costly 
error.  Just  what  is  the  correct  latent  heat  of  the  most 
common  and  most  frequently  used  substance,  water,  has 
not  yet  been  fully  determined.  When  water  changes  its 
state  from  liquid  to  vapor  it  is  known  that  about  970 
B.t.ii.  for  each  pound  must  be  added  from  and  at  the  tem- 
jierature  of  212  deg.  F.  before  the  sensible  heat  will  in- 
crea.^c  and  that  when  recondensed  to  water,  this  vapor 
will  surrender  the  970  B.t.u.  before  its  sensible  heat  falls 
l)elow  212  deg.  F.  If  frozen  water,  or  ice,  is  heated  its 
temperature  ri.ses  readily  to  32  deg.  F.,  but  it  rises  no 
higher  on  the  thermometric  scale  until  about  142  B.t.u. 
according  to  some,  and  144  B.t.u.  according  to  others, 
have  been  added  jDer  pound. 

VChih  a  difference  of  two  heat  units  per  pound  would 
not  figure  up  very  much  on  a  small  machine,  it  would 
amount  to  considerable  in  figuring  on  such  a  machine  as 
the  1000-ton  compressor  installed  by  the  Quincy  Market 
Cold  Storage  &  Warehouse  Co.,  Boston,  Mass.,  in  1912, 
or  the  still  larger  machine,  said  to  be  of  1200  tons  daily 
refrigerating  capacity,  now  being  built  in  Germany  for 
an  ice-manufacturing  concern  in  Buenos  Aires,  Argentine 
Eepublic.  Either  of  these  machines  would  be  capable 
of  producing  at  least  500  tons  of  ice  daily  or  1,000,000  \b. 
A  difference  of  two  units  per  pound,  therefore,  would 
mean  2,000,000  B.t.u.,  which  is  equivalent  to  nearly  eight 
tons  of   refrigerating  capacity  per  day. 

Far  greater  and  much  more  uncertain  of  calculation 
is  the  extra  heat  that  must  be  removed  because  of  heat 
leakage.  If  the  exact  coefficients  of  heat  leakage  for  the 
various  types  and  kinds  of  wall  construction  were  known 
there  would  be  little  difficulty.  As  it  is  we  are  confronted 
with  a  mass  of  estimates  and  with  results  of  tests  made 
by  interested  parties  on  particular  kinds  of  construction 
differing  in  many  ways  from  any  that  are  met  with  in 
practical  business. 

It  is  learned  from  private  and  semiofficial  tests  that 
for  some  of  the  best  known  types  of  insulated-wall  cou- 
struction  the  coefficient  is  somewhere  between  1  and  3 
B.t.u.  per  sq.ft.  of  surface  per  24  hr.  per  degree  differ- 
ence between  outside  and  inside  temperature.  And  even 
with  this  factor  it  is  necessary  to  rely  more  or  less  upon 
estimate,  as  the  difference  between  temperatures  outside 
and  inside  is  constantly  varying  as  weather  conditions 
change.  With  thick  walls  composed  of  material  that  of- 
fers comparatively  little  resistance  to  the  passage  of  heal 
or  of  such  faulty  construction  with  the  best  material  that 
conductors  of  heat  remain  in  the  walls,  the  coefficient  of 
heat  transmission  rises  to  5  and  6  or  even  to  10  and  12 
units  per  sq.ft.  per  24  lir.  per  degree  difference.  What 
this  means  is  evident  from  a  simple  example.  (liven  a 
room  30  ft.  \vide,  80  ft.  long  and  10  ft.  high,  there  would 
be  7000  sq.ft.  of  surface.  At  2  B.t.u.  per  sq.ft..  per  24 
hr.  with  a  temperature  difference  of  30  deg.,  this  would 
mean  a  lieat  .si'ain  of 

7000  X  2  X  30  =  420,000  B.t.u. 
At  10  B.t.u.  heat  transmission  the  gain  would  be 

7000  X  10  X  30  =  2,100,000  B.t.u. 
The  one  would  mean  about  1.4  tons  daily  refrigerating 
effect  and  the  other  7.3  tons,  merely  for  taking  up  heat 
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leakage.  Theu  iu  additiou  the  heat  introduced  at  open- 
ings that  are  not  air-tight  when  closeil  and  that  which 
rushes  iu  at  times  of  entrance  and  departure  from  the 
cold  room,  the  heat  radiating  from  the  person  Avho  hriugs 
in  or  takes  out  goods,  or  inspects  the  place,  and  the  heat 
radiating  from  lights.  All  these  must  also  be  considered 
and  provided  for.  It  is  customary  to  make  an  arbitrary 
allowance  to  cover  all  these  heat  leakages.  If  the  allow- 
ance proves  too  small,  occasional  losses  on  goods  prove 
costly,  as  many  have  experienced.  If  the  allowance  is  too 
large,  there  is  not  only,  the  loss  on  extra  investment  but 
on  operation  of  the  larger  plant. 

In  the  nuiuufacture  of  ice  it  is  necessary  to  take  up 
not  only  the  latent  heat  per  poiind  of  water  to  be  frozen, 
but  also  the  sensible  heat  to  be  removed  from  the  water 
above,  and  from  the  ice  below,  32  deg.  F.,  the  heat  that 
leaks  into  the  can  through  the  imperfect  covers  and  that 
which  leaks  into  tlie  freezing  tank  through  its  insulation 
and  from  the  tank  surface. 

(i ranted  that  the  total  amount  of  heat  to  be  removed 
liy  refrigerating  machinery  for  any  given  service  has 
been  determined  closely,  uncertainty  again  creeps  in  when 
it  is  desired  to  determine  definitely  just  how  large  a 
machine  will  produce  the  refrigeration  required. 

Competent  operation  also  enters  into  the  question.  It 
is  not  an  uncommon  occurrence  to  find  refrigerating 
]ilants  operated  apparently  at  the  limit  of  their  capacity, 
Init  when  taken  iu  charge  by  a  competent  engineer  who 
makes  a  few  slight  and  inexpensive  changes  that  the 
machine  does  from  10  to  25  per  cent,  more  work  and  with 
actually  less  cost  for  power. 

To  figure  the  power  required  for  an  ammonia  com- 
pressor it  is  necessary  to  know  the  temperature  of  the 
condenser  water  and  also  the  quantity  of  water  that  can 
be  used  on  such  a  condenser  per  minute.  The  type  of 
condenser  has  some  bearing  on  the  case.  It  is  necessary 
to  know  the  temperature  to  be  maintained  in  the  re- 
frigerator and  the  w-eight  of  gas  that  must  be  compressed 
to  produce  such  a  temperature.  It  is  common  practice 
to  merely  estimate  the  power  required  and  provide  ac- 
cordingly. Manifestly  this  is  not  the  most  efficient  or 
economical  method.  The  rules  for  figuring  power  re- 
quirement are  for  the  most  part  approximate  only,  as  a 
number  of  factors,  not  usually  considered,  enter  in  to 
modify  the  result.  Thus,  for  example,  in  the  matter  of 
condenser  water,  if  one  gallon  per  minute  per  ton  of  re- 
frigeration per  24  hr.  of  56-deg.  water  is  used  iu  the  con- 
denser, the  resulting  condenser  pressure  is  about  150  lb. 
If  three-fourths  of  a  gallon  of  56-deg.  water  is  used  the 
pressure  will  run  up  to  about  190  lb.  If  three  gallons 
of  such  water  can  be  utilized  the  pressure  will  be  only 
105  lb.  and  the  work  of  the  compressor  will  be  reduced 
between  20  and  25  per  cent. 

Dr.  Siebel's  rule  for  figuring  the  power  for  a  com- 
]3ressor  has  probably  been  used  more  than  any  other  and 
may  be  stated  as  follows : 

„  _  Dif.  hetiveen  temp,  in  refr.  coils  and  in  condetise}- 
Temp,  in  refrigerator  -)-  460  {abs.  temp.) 

X  laf.  heat  of  vaporization  X  weight  of  gas  enicring 
comp.  per  min.  X  0.0234 

The  coefficient  0.0234  is  obtained  by  dividing  778,  the 
foot-pounds  equivalent  to  one  heat  unit,  by  33,000. 

The  weight  of  ammonia  to  be  pumped  per  minute  is 
found  by  subtracting  the  difference  between  temperrtures 


in  the  condenser  and  refrigerator  from  the   latent   heat 
of  vaporization  at  the  refrigerator  pressure,  which  gives 
the  refrigerating  effect  of  one  ))ound  of  tlie  refrigerant.  ; 
Then  the  quotient  obtained  by  dividing  the  total  refriger-  ; 
ating  duty  expressed  in  thermal   units  by  the  refriger-  ' 
atiiig  eft'ect  of  one  pound  of  refrigerant  gives  the  theo- 
retical weight  of  gas  that  must  be  pumped  per  minute. 
Thus,  given  a  case  where  a  million   British  thermal 
units  per  hour  arc  to  be  taken  up;  temperature  to  be  j 
maintained  in  chili   room  20  deg.  ¥.,  equal  to  between  \ 
10  and  15  deg.  in  the  refrigerator  coils,  and  liquid  am- I 
monia  leaving  condenser  at  90  deg.     From  the  latest  am-  J 
monia  tables  the  latent  heat  of  vaporization  at  20  deg. 
F.  is  556;  then  556  —  (90  —  10)  =  476 

1,000,000 

476  >r(iO 

the  number  of  pounds  of  ammonia  that  must  be  circulated 
per  minute  to  take  up  one  million  heat  units  per  hour. 
Then,  accordins;  to  the  formula. 
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X  550  X  35  X  0.0234  = 


10  -I-  4(iO 

the  horsepower  required  to  operate  tlic  compressor.  This 
does  not  allow  for  losses  by  friction  or  by  sui^erheat  of  j 
the  ammonia  entering  the  compressor  and  hence  it  isj 
customary  to  add  from  10  to  20  per  cent.,  or,  say,  an  av- 
erage of  15  per  cent.,  to  make  up  for  these  losses.  The 
actual  liorsepower  required  would  then  be 

77.5  -f  (0.15  X  '<7.5)  =  89.1 
The   engine   driving   the   compressor   will    require   about 
one-third  more  power  or  89.1  X  IJ  =  118.8  hp. 

The  horsepower  required  for  steam  pumps,  \aLUuni 
pumps,  etc.,  may  be  figured  according  to  formulas  given 
in  standard  handbooks,  but  the  result  will  be  by  no  means 
always  dependable,  for  a  number  of  errors  may  creej)  ni. 
due  to  leaks,  slipping  of  belts,  friction,  imperfect  \alve 
action,  etc.  It  is  still  true  today,  as  it  was  ten  years  ago, 
that  many  pumps  in  actual  use  yield  little  over  50  per 
cent,  of  their  theoretical  capacity.  The  old  rule  of  120 
lb.  of  steam  per  i.hp.-hr.  for  ordinary  .steam  pumps  is  still 
not  far  from  the  amount  actually  consumed. 

Conditions  vary  so  greatly  not  only  iu  different  plants, 
but  at  different  times,  in  the  same  plant,  that  it  is  exceed- 
ingly diflicult  to  secure  a  short  cut  for  figuring  power 
requirement  that  would  fit  all  cases.  Temperatures  of  the 
liquid  refrigerant,  air  or  foul  gases  iu  the  system,  quan- 
tity of  refrigerant  iu  circulation,  varying  temperatures 
to  be  maintained  at  the  same  back  pressure,  these  and 
other  items,  all  effect  the  result. 

So  far  as  the  capacity  of  the  refrigerating  machine  it- 
self is  concerned,  this  is  almost  entirely  proportional  to 
the  weight  (not  volume)  of  ammonia  circulated  and  this 
weight  depends  ui)oii  the  suction  pressure  and  the  cubic 
feet  displacement  of  the  compressor.  In  elaborate  tests 
made  some  years  ago  the  conclusion  was  reached  by 
Professor  Denton  that  the  practical  range  of  economical 
suction  pressure  lies  betn-een  7  lb.  gage  with  which  a  tem- 
perature of  zero  can  be  maintained,  and  28  lb.  gage,  with 
which  temperatures  above  28  deg.  F.  are  maintained.  But 
at  7  lb.  suction  pressure  only  about  half  as  much  am- 
monia by  weight  can  be  circulated  as  at  28  lb.  back  pres- 
sure. For  each  cubic  foot  of  compressor  displacement 
about  one-sixth  of  a  ton  of  refrigerating  effect  per  24  hr. 
can  be  produced  at  the  low  back  pressure  and  about  one» 
third  of  a  ton  at  the  higher  back  pressure. 
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Keokuk  Hydro-Electric  Power  Plant 

The  hyilrn-electric  station  of  the  Mississippi  Itiver 
Power  Co.,  described  in  tliis  issue,  will  be  formally  dedi- 
cated on  Aug.  26.  Of  so  great  public  importance  is  this 
plant  that  President  Wilson  will  attend  the  ceremonies. 
As  will  also  the  governors  of  the  twenty-seven  Mississippi 
A'alley  states  and  the  entire  legislatures  of  the  three  most 
nearly  concerned  states  of  Iowa,  Illinois  and  Missouri. 

Kestrictions  of  space  prevent  proportionate  treatment 
of  the  features  of  this  gigantic  development,  but  such  as 
is  given  must  be  read  carefully  if  the  reader  hoj)es  to  get 
even  a  glimmering  conception  of  the  magnitude  of  the 
work.  While  it  is  but  slightly  more  difficult  to  vi^rite  the 
figures  representing  thousands  and  millions  than  to  write 
those  representing  tens  and  hundreds,  it  is  well  nigh  im- 
possible for  ordinary  mortals  to  appreciate  the  relative 
size  or  value  of  the  quantities  expressed  by  the  former. 

With  over  200,000  kw.  becoming  available  at  low  cost 
in  the  heart  of  a  heretofore  purely  agricultural  section 
and  with  good  competitive  transportation,  facilitating  the 
shipment  of  products  to  the  big  centers  of  distribution, 
the  towns  within  one  hundred  or  more  miles  of  Keokuk 
seem  destined  to  reap  marked  benefit  from  the  erection  of 
this  plant,  especially  as  the  published  policy  of  the  power 
company  is  to  reserve  a  large  percentage  of  its  output  for 
sale  to  manufacturing  enterprises.  With  the  advent  of 
manufacturing  must  come  increase  in  population  which 
will  tend  to  stimulate  agriculture  in  contiguous  sections 
and  increase  both  rural  and  urban  real-estate  values. 

The  history  of  the  project  of  compelling  the  mightiest 
of  the  rivers  in  Xorth  America  to  do  service  for  man  ex- 
tends back  to  1857.  In  all  the  time  since  then  people 
have  constantly  schemed  and  vs^orked  for  the  end  that  has 
now  been  attained,  their  efforts  growing  stronger  and 
stronger  as  time  advanced. 

Ultimately,  prominent  men  of  Keokuk,  Iowa,  and 
Hamilton,  III.,  organized  the  Keokuk  &  Hamilton  Water 
Power  Co.,  with  a  paid-in  capital  of  only  $3500  and  hav- 
ing for  its  object  the  work  of  interesting  investors,  en- 
gaging engineering  talent  and  securing  the  proper  author- 
ity from  the  federal  government  to  build  the  dam. 

Through  the  activities  of  this  company,  Hugh  L. 
Cooper,  a  distinguished  engineer  and  the  builder  of 
numerous  important  hydraulic-power  plants  in  this  coun- 
try and  elsewhere,  became  interested  and  engaged  in  the 
work  of  securing  the  needed  capital  of  twenty-odd  mil- 
lions, an  almost  Herculean  task  in  itself,  as  was  soon  dis- 
covered. After  about  four  years  of  search,  during  which 
many  well  nigh  insurmountable  difficulties  were  over- 
come, the  needed  funds  were  secured  and  the  work  of 
construction  was  started  in  earnest  late  in  1909,  with  Mr. 
Cooper  personally  in  charge  of  the  entire  operation  as 
chief  engineer. 

All  of  the  many  and  unusual  problems  that  arose  dur- 
ing the  design  and  construction  of  this  unusual  plant 
were  faced  and  solved  either  by  Mr.  Cooper  personally 


iir  l)y  his  assistants  with  his  guidance  and  inspiration. 
Thus,  the  story  of  the  realization  of  what  had  been  a 
dream  for  almost  three-score  years,  is  the  story  of  the  ef- 
forts of  one  man. 

Mr.  Cooper,  who  is  still  in  his  forties,  was  born  in  Wis- 
consin and  began  his  career  as  a  worker  on  strain  sheets 
for  a  bridge  company.  Later  he  built  some  bridges  in 
the  vicinity  of  Seattle,  Wash.  His  first  water-power  work 
was  done  in  Jamaica.  Later,  he  built  some  plants  in 
Mexico  and  Brazil.  Then  he  constructed  the  plant  at 
Niagara  Falls,  the  tailrace  of  which  is  a  tunnel  o])ening 
under  the  curtain  of  the  falls.  His  next  plant  was  at 
McCall's  Ferry.  I'cnn.,  and  before  this  was  completed  he 
began  his  labors  on  the  Keokuk  development. 

Treatment  of  Employees 

A  system  of  medical  inspection  has  been  instituted  by 
the  Brooklyn  Rapid  Transit  Co.,  which  has  much  to  coin- 
mend  it. 

It  seems  that  this  company  interested  itself  in  the  wel- 
fare work  of  its  employees  to  the  extent  that  it  investi- 
gated the  treatment  of  excuses  offered  for  illness  and  ab- 
sence by  the  employees  in  the  various  divisions  and  found 
that  many  men  reported  sick  to  get  time  for  recreation 
purposes. 

To  meet  this  condition  a  medical-inspection  bureau 
was  established  and  the  results  of  six  months'  working 
show  a  reduction  of  twenty-three  per  cent,  in  the  num- 
ber of  days  lost  on  account  of  illness  as  compared  with  the 
first  six  months  in  1913. 

The  pleasing  part  of  the  results  is  that  the  reduction 
in  time  lost  due  to  illness  is  not  due  to  a  decrease  in  the 
number  of  men  reporting  sick,  but  to  a  shortening  of  the 
time  of  sickness.  Prior  to  the  establishment  of  the  sys- 
tem many  men  would  contract  minor  illnesses  and  con- 
tinue to  work  until  the  sickness  had  developed  into  some- 
thing serious,  which  forced  them  to  be  absent  for  a  week 
or  more. 

Now  the  men  go  for  examination  as  soon  as  they  feel 
slightly  sick  and  much  time  and  money  is  saved  both  to 
the  individual  and  the  company.  The  work  is  carried  on 
by  the  same  organization  which  conducts  the  free  medical 
attendance  in  connection  with  the  mutual-benefit  associa- 
tion among  the  employees  of  the  company. 

The  whole  thing — system  and  results — illustrates  the 
value  of  treating  employees  as  men  and  citizens  and  not 
as  mere  machines  or  commodifies.  If  a  system  of  (his 
kind  should  be  organized  in  any  concern,  and  the  actions 
of  those  at  the  head  of  the  system  should  give  the  eni- 
jiloyees  the  suspicion  that  there  were  other  than  mutual 
welfare  motives  back  of  it  all,  the  system  would  do  more 
harm  than  it  could  ever  undo.  Most  men  will  respond 
with  kindness  and  good  will  to  kindly  treatment  and  will 
as  quickly  retailiate  if  ajiproached  with  trickery  that  they 
think  aims  to  do  them  no  good. 

The  boss  of  former  times,  who  cursed  like  a  ))irate  and 
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who  thouglit  tlic  most  elfective  way  to  get  results  was  to 
make  his  men  Hfraid  of  him.  is  gone.  A  work  room,, 
power  plant  or  business  office  will  not  get  out  good  work 
if  conducted  like  a  Sunday  school,  and  less  real  work 
will  lie  done  if  run  like  a  whaling  crew.  Treat  employees 
with  kindness  and  discharge  tho.se  shirks  and  fakers  that 
will  not  respond.  The  medical-inspection  system  of  the 
Brooklyn  Rapid  Transit  Co.  is  a  commendable  step  in 
this,  the  right  direct iun. 


Selecting  Engineers 

"The  largest  s\uns  nf  iiKHicy.  tlic  lincst  nialerials.  the 
latest  and  best  equipment,  the  most  cleverly  and  intelli- 
gently devised  methods  will  not  be  efficient  unless  there 
are  men  fitted  by  nature  and  training  for  their  tasks,  in 
the  righ.t  places,  at  the  right  lime,  and  with  the  right 
training,  guidance,  direction  and  supervision." 

This  statement  was  made  in  a  paper  on  the  "Scientific 
Selection  and  Assignment  of  Men  in  the  Creation  of  an 
Organization,"  by  Dr.  Katherine  M.  H.  Blackford  be- 
fore the  last  annual  meeting  of  the  Efficiency  Society.  It 
was  spoken  of  all  lines  of  endeavor  impartially,  but  it 
could  hardly  have  fitted  more  exactly  had  it  been  said 
sytecifically  of  the  field  of  ]Kiwer-]ilant  engineering.  We 
(vi.-ih  that  we  might  get  the  truth  of  this  statement  home 
to  the  owners  and  managers  of  all  power  plants.  From 
lime  to  time  we  have  remarked  how  inconsistent  it  is 
to  lay  out  large  sums  of  money  for  the  finest  power- 
generating  equipment  and  then  put  it  nnder  the  charge 
of  incompetents.  We  have  said  it  so  many  times  our- 
selves, we  are  glad  to  give  it  in  the  words  of  another  in 
the  hope  of  emphasizing  it,  jjarticularly  when  given,  as 
in  the  original  of  this  case,  as  a  universal  fact. 

We  have  no  comments  to  make  on  the  main  issue  of 
the  jiajier  quoted  from  as  to  how  the  liest  adapted  work- 
ers may  be  selected,  not  by  "hit-and-miss"  or  the  "hiriug- 
and-liriiig"  methods,  hut  by  scientific  analysis  of  their 
characters  and  qualifications.  It  is  a  deep  subject  and 
one  destined  to  mean  much  to  the  material  progress  of 
our  industries  in  the  next  decade. 

So  far  as  the  selection  of  power-plant  engineers  and 
their  helpers  is  concerned  it  would  not  seem  that  there 
should  be  any  serious  difficulty  in  the  way.  lu  states 
having  license  laws  (may  their  number  increase)  there 
is  the  means  at  hand  to  determine  the  man's  qualifica- 
tions of  knowledge  and  experience.  Common  sense  and 
the  study  of  mankind  enable  a  decision  as  to  suitability 
of  character. 

Wherein  then  is  the  difficulty?  Is  the  supply  of  capable 
(>]ierating  engineers  insufficient  for  the  demand?  (Some 
claim  they  cannot  get  the  right  men.)  We  are  not  pre- 
pared to  answer  the  above  question.  In  some  localities 
there  may  )ic.  probably  are.  ]ilenty  of  good  men  avail- 
able, and  in  others  the  revei'se  may  he  true.  This  we 
know :  When  the  remuneration  paid  operating  engi- 
neers is  more  nearly  commensurate  with  what  is  expected 
of  them,  as  judged  by  comparison  with  other  pro- 
fessions, there  will  be  no  lack  of  material.  ^Fake  the 
field  more  attractive  and  it  will  not  be  a  great  while  be- 
fore it  is  crowded. 

This  much  may  be  said  of  the  situation  at  ]ireseMt. 
Those  now  engaged  in  this  line  of  work  are  in  it  for  the 
love  of  the  work — not  the  love  of  the  pecuniary  return. 


Power-Plant  Emergencies 

Power-plant  operation,  when  everything  is  going 
smoothly,  calls  for  just  watchfulness  on  the  part  of  the 
operator  or,  in  other  words,  merely  ordinary  routine 
work.  This  is  why  so  many  steam  plants,  which  are  in 
reasonably  good  condition,  can  be  operated  for  months 
by  a  man  who  is  not  entirely  competent  and  who  is  not 
big  enough  for  the  j)osition  when  anything  of  a  serious 
nature  does  occur. 

It  is  the  unexpected  happenings  in  power-plant  opera- 
tion that  show  np  the  ability  of  the  men  in  charge  and 
often  call  for  quick  work  in  making  temporary  repairs 
to  maintain  the  service.  An  instance  of  resourcefulness 
in  time  of  difficulty  to  minimize  disastrous  consequences 
is  to  be  had  in  au  experience  at  the  Shreveport,  La., 
power  plant. 

Two  accidents  occurred  in  succession :  The  first  wa> 
the  collapse  of  au  extension  of  the  engine  room,  which 
left  the  switchboard  exposed  to  the  elements,  but  it  was 
protected  as  soon  as  possible  by  a  temporary  wooden  in- 
closure.  About  a  mouth  later  a  short-circuit  on  the  high- 
tension  line  at  the  switchboard  ignited  the  temporary 
wooden  shelter.  From  this  the  fire  spread  throughout 
the  engine  room,  putting  out  of  commission  all  but  one 
of  the  four  generatincr  units,  liy  destroying  the  belts  driv- 
ing them.  All  of  this  happened  within  not  more  than 
fifteen  minutes. 

Here  was  a  situation  to  try  the  ingenuity  of  those  in 
charge.  The  business  section,  containing  over  thirty-five 
thousand  people,  depended  upon  this  plant  for  electrical 
energy,  and  everything  was  at  a  standstill  for  want  of 
belting.  The  superintendent  of  the  electrical  department 
decided  that  pieces  of  scrap  belting  could  be  used  to  re- 
pair such  parts  of  the  generator  belts  as  were  not  com- 
pletely destroyed,  and  by  daylight  the  following  morning, 
two  power  circuits  were  in  service  and  the  lighting  cir- 
cuits were  cut  in  a  few  hours  later. 

While  this  repair  work  was  being  done  an  order  for 
belting  was  sent  and  the  shipment  was  received  six  days 
after  the  fire.  A  new  switchboard  was  also  ordered  and 
shipped  twenty-one  days  from  the  date  of  the  order.  In- 
side of  three  months  the  plant  which  had  been  wrecked 
by  the  collapsing  of  the  walls  and  by  fire  was  giving  regu- 
lar service  to  its  patrons. 

Such  occurrences  as  these  bring  out  the  best  there  is 
in  those  in  charge.  Although  the  strain  and  anxiety  may 
be  wearing,  and  many  hours  of  hard  work  necessary,  there 
is  after  all  a  satisfaction  in  the  knowledge  that  the  diffi- 
culties have  been  met  and  the  obstacles  overcome. 


As   showing  how  our   German   cousins   can   entertain,! 
the  account  of  the  joint  meeting  of  the  Yerein  deutscher 
Ingenieure  and  the  American  Society  of  ilechanical  En-J 
gineers  given  on  a  later  page  is  interesting.     These  jointj 
meetings  contribute  much  to  engineering  progress  as  a| 
direct  consequence  of  the  papers  and  discussions  at  the 
professional  sessions.     Xo  doubt,  those  fortunate  enoui;h 
to  attend  reap  the  largest  benefit,  by  seeing  the  foreij' 
engineering  works   and  meeting  those  of   other  nar' 
engaged  in  kindred  pursuits,  but  there  is  no  measui     _ 
the  number  of  i>eople.  engineers  and  others,  in  both  i  : 
tmns.  who  indirectly  profit  to  some  extent.     The  gi"i1 
fellowship  created  by  such  meetings  of  the  various  pro- 
fessions has  a  deeper  significance  than  many  realize. 
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Diagrams  from  Jet-Condenser  Pump 

The  illustrations  show  diagrams  from  the  steam  end 
of  a  jet-condenser  pumix  The  single  diagram  was  taken 
from  the  frame  end  and  the  arrows  show  the  direction 
of  the  pencil  travel.  The  indicator  was  connected  to  the 
drips.  The  pump  was  making  about  80  strokes  per  min- 
ute and  carrying  a  Si-iu.  vacuum  in  the  condenser  head. 


f 


Pressure    I2S  tt> 
Sprina     ■*o  lb 


DiAGi'.Ajrs  FROJt  Jkt-Coxdexsi:i;  I'uiir 

The  diagrams  show  clearly  the  extent  of  the  jump  at 
the  beginning  of  the  stroke  and  also  show  the  error  that 
may  be  made  by  studying  the  diagram  from  one  end  alone 
when  finding  the 'power  applied.  By  examining  the  sin- 
gle diagram  it  looks  as  though  the  larger  amount  of 
power  was  ijsed  at  the  beginning  of  the  stroke  while  a 
study  of  the  double  diagram  shows  that  the  larger  amount 
of  power  is  used  on  the  last  half  of  the  stroke. 

Lester  A.  Fitts. 
Leominster,  Mass. 


Broken  Pipe  Fitting  Damages  Engine 

When  I  arrived  at  the  plant  one  morning,  the  night  en- 
gineer reported  that  one  of  the  engines  was  badly  dam- 
aged. He  said  that  it  had  been  running  as  usual,  when, 
without  warning,  the  smashup  occurred. 

The  engine  was  a  small  9xlO-in.  automatic,  running 
at  350  r.p.m.  Upon  examining  it,  I  found  the  valve  rod 
doubled  up,  the  rocker-arm  broken  off,  the  eccentric  rod 
badly  bent,  the  oil  guard  smashed  and  the  bolt  holding 
the  eccentric  to  the  governor  arm  sheared  off.  I  removed 
the  steam -chest  cover  and  found  a  small  piece  of  an  el- 
bow that  had  caught  endwise  between  the  edge  of  the 
valve  and  the  wall,  preventing  the  valve  from  moving  far- 
ther, causing  the  damage  as  a  result. 

T  assume  that  a  pipe  fitter  had  broken  a  fitting,  a  piece 
of  which  had  fallen  inside  the  steam  pipe  and  had  been 
forgotten,  finally  working  its  way  along  to  the  engine 
with  the  results  stated.    As  there  had  been  no  work  done 


on  any  of  these  lines  in  the  last  two  years,  liie  piece  had 
been  in  the  line  that  long  or  longer. 

Now,  I  know  that  1  have  often  broken  a  fitting  when 
I  was  in  a  hurry  or  when  it  was  necessary  and  1  have 
no  doubt  other  engineers  have  done  the  same.  This  ac- 
cident will  cause  me  to  be  a  little  more  careful  in  the 
future. 

AiriiiiR  \'.  Lacy. 
.    Julietta,  Ind. 

Fuel  Costs  Reduced 

The  price  of  coal  at  the  present  time  is  such  that  en- 
gineers in  charge  of  power  plants  are  ever  on  the  look- 
out for  some  new  device  or  idea  which  will  enable  them 
to  reduce  the  coal  costs.  The  writer  is  iu  charge  of  a 
central  station  with  an  output  of  about  1,. 500, 000  kw.-hr. 
per  annum.  During  the  summer  months  we  have  very 
little  load,  which  means  that  we  have  to  run  the  engines 
light  several  hours  each  day,  as  we  must  have  current 
on  the  line  and  stand  ready  to  serve.  This  brings  our 
coal  costs  very  liigli  per  unit  generated  during  the  sum- 
mer months. 

We  were  sure  that  in  spite  of  (uir  poor  load  factor  the 
firemen  could  do  much  better  if  they  would  only  take 
an  interest  in  their  work.  The  in'oblem  was  how  to  get 
them  interested.  We  ha\o  had  a  large  notice  board  i)ut 
up  in  the  boiler  house  and  on  squared  paper  we  plot  (he 
units  generated,  and  the  cost  of  coal  per  unit  generated 
each  week. 


40,000 


Chart  Postei)  in  Boiler  Room 

The  chart  was  posted  in  the  boiler  house  sometime  ago 
and  we  are  more  than  pleased  with  the  results.  A  notice 
is  posted  each  week  witli  remarks  about  the  curve  and 
the  quality  of  coal,  etc. 

The  average  coal  cost  for  May  and  June  was  0.357 
pence  per  unit  generated  while  the  cost  for  July  was 
down  to  0.233  ])ence.*  The  firemen  and  others  in  the 
plant  are  taking  a  great  interest  in  the  chart  and  W(>  are 
confident  that  they  will  bring  the  cost  lower  still.  The 
saving  in  Jidy  over  May  and  June  is  0.035  pence  ]ier  unit 
generated  and  this  taken  on  1,500,000  units  per  annum 


•One  pence  equals  2  (U,  .S.)  cent.s.  or  2.03  cents,  to  be  exact. 
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accounts  for  £150  ($750).  Nothing  ha.';  been  done  in 
any  way  to  improve  the  etficieney  of  the  plant,  the  .sav- 
ing being  clue  entirely  to  the  efforts  of  the  men  and  the 
firemen  in  particular.  The  initial  outlay  is  nothing  and 
in  our  case  the  saving  is  well  worth  the  trouble. 

A  CO.  recorder  is  now  installed  and  a  CO,  curve  will 
be  plotted  on  the  chart.  This  will  lend  additional  in- 
terest to  the  chart  and  it  will  also  reveal  who  is  re- 
sponsible for  low  COo  percentages. 

¥.    IllLEY. 

Manchester.  Eng. 

A  Simple  Oil  Separator 

We  have  a  home-made  gravity-oiling  system  very  mucli 
the  same  in  general  principles  as  other  gravity  systems- 
iising  compressed  air  for  delivering  the  oil  from  one 
height  to  another. 

We,  however,  encountered  one  difficulty  which  was  very 
annoying,  that  was  the  condensation  in  the  air  pipes  ac- 
cumulating in  the  gravity  tank.     This  water  would  i-ome 


A  SiMPLK  AND  Positive  Oil  Skparatoh 


down  with  the  oil  in  slugs  and  give  trouble  in  lubricat- 
ing the  bearings.  After  two  or  three  experiences  with 
hot  bearings,  due  to  this  water,  we  designed  the  separator 
shown. 

The  tank  or  drum  A  of  the  separator  is  of  convenient 
size,  holding  perhaps  10  gal.  and  is  connected  in  thf? 
main  delivery  line  leading  from  the  gravity  tank,  the  pipe 
B  being  the  inlet  which  is  extended  to  within  6  or  8  in. 
of  the  bottom.  The  pipe  C  connected  to  the  top  of  the 
tank  is  the  outlet.  A  gage-glass  E  is  fitted  to  the  side,  as 
shown,  and  shows  at  a  glance  the  amount  of  water  col- 
lected. The  separator  is  located  at  a  convenient  place 
near  the  floor  so  that  the  water  may  be  drawn  of!  as 
often  as  is  necessary  by  opening  the  valve  D. 

A.  S.  Peterson. 

Shawnee,  Okla. 


Examination  Questions;   First-Class 
N.  Y.  City   License 

Where  should  the  feed-water  connection  be  placed  on 
a  boiler?     Why!-' 

llow  would  you  determine  the  size  and  number  of 
stay-bolts  to  be  used  in  a  boiler? 

How  many  cubic  feet  of  steam  at  atmospheric  pressure 
weigh  one  pound  ? 

IIow  is  a  hard  patch  put  <in  a  boiler,  and  when,  due 
to  its  position,  cannot  it  be  riveted? 

Plow  far  apart  should  ^-in.  rivets  be  spaced  on  a 
boiler? 

How  should  the  gage-glass  be  put  on  a  boiler? 

If  too  little  air  was  admitted  into  a  furnace,  what 
would  be  the  result  ? 

State  all  the  advantages  of  superheated  steam? 

How  would  you  find  the  total  stress  or  strain  on  a 
flat  surface  held  by  stays? 

Draw  an  indicator  diagram  one  stroke  only,  showing 
expansion  line,  effect  of  leaky  piston,  admission  line, 
leaky  valves  and  too  much  compression  ? 

What  is  the  horsepower  of  an  engine  16  in.  in  diam- 
eter, 32  in.  stroke,  80  lb.  pressure  and  90  r.ji.m.  ? 

State  the  difference  in  action  between  the  throttling 
governor  and  the  automatic  governor? 

What  is  a  cam?    What  is  its  use? 

How  would  you  proceed  to  set  a  piston  valve  ? 

State  the  advantage  of  the  drop  cutoff  in  Corliss  en- 
gines over  the  riding  cutoff  in  other  engines? 

Why  is  the  economy  of  an  engine  never  expressed  in 
pounds  of  coal  ? 

W^hat  is  meant  by  initial  pressure? 

What  is  the  advantage  and  disadvantage  of  a  keyed 
eccentric  ? 

Is  it  possible  to  maintain  a  perfect  vacuum  in  an  en- 
gine ? 

Is  it  advisable  to  lift  the  bruslies  off  the  commutator 
while  it  is  in  motion  ? 

Can  a  commutator  be  taken  oft'  when  worn  ? 

What  causes  a  dynamo  to  motorize? 

If  pari  of  the  insulation  should  be  worn  off  a  live  wire 
some  place  in  the  line  and  the  wire  came  in  contact  with 
metal,  what  would  happen  ? 

What  causes  the  brushes  of  a  dynamo  to  spark? 

How  would  ytn:  know  when  to  move  the  quadrant  of  a 
dynamo? 

How  do  you  determine  the  head  pressure  of  an  ice 
machine  ? 

State  the  difference  between  single-  and  double-ni-ting 
ammonia  compressors? 

What  is  meant  by  the  terms  ammonia-absorption  plant ; 
brine  system ;  direct-expansion  system  ? 

What  is  the  function  of  the  pressure  tank,  and  to  what 
part  of  the  plant  is  it  connected? 

What  causes  ammonia  compressors  to  burst? 

FliEDElilCK   G.  LeMKE. 

New  York  City. 

[The  above  is  of  interest  only  as  showing  the  characier 
of  questions  asked.  Few,  if  any  of  them,  are  likely  to  be 
asked  again,  hence  one  needs  to  understand  the  subjects 
involved  rather  than  to  know  the  answers  to  these  specific 
questions. — Euitor.]  i 
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Comment  on  Freak  Diagrams 

In  PowEit,  .IiiiR'  K.  piiu'i'  siiK.  .Inliii  T.  Sharp.  Jr., 
asks  for  comment  on  in(li<iU(ii-  ilia,i;ram.s  submitted. 

To  begin  with,  the  diagrams  are  not  complete  .since 
the  atmosplieric  line  is  absent.  Examination  of  the  dia- 
grams under  a  fjlass  shows  a  loop  on  both  ends  of  one 
diagram  and  one  biop  al  the  exhaust  on  the  other.  The 
loop  at  the  exhaust  end  of  the  diagram  with  two  loops,  as 
indicated  in  the  illustration,  is  caused  l)y  the  whole  of 
the  expansion   line   being   bebiw   the  exhaust   line,  and    is 


Siiow'ixd  iMi'KiiFECT  Diagram 

not  caused  by  too  early  cutoff,  as  is  the  case  with  the  card 
showing  only  one  loop. 

The  upper  line  of  the  diagram  with  two  loops  I  be- 
lieve represents  the  exhaust  line,  and  the  lower  line  is  the 
expansion  line.  This  was  caused  by  the  motion  of  the 
indicator  drum  being  interfered  with  somehow.  Possibly 
someone  took  hold  of  the  cord  or  something  fell  on  it  and 
threw  it  out  of  time  with  the  events  of  the  stroke,  and 
the  diagram  was  made  bclorc  all  the  events  of  the  stroke 
was  completed. 

The  drum  should  have  been  turning  to  the  left  when 
it  was  turning  to  the  right.  This  gives  initial  pressure 
of  exhaust,  which  the  diagram  with  two  loops  shows.  I 
believe  that  the  position  of  the  diagram  with  two  loops, 
i.e.,  relative  to  the  position  of  the  other  diagram,  is  due 
to  the  card  being  moved  on  the  indicator  drum  after  the 
diagram  with  one  loop  was  taken  and  before  the  other 
was  taken.  A  70-lb.  spring  was  too  strong.  For  the 
pressure,  a  30-lb.  spring  would  have  been  strong 
enough. 

Thomas  C.  Pobin'SOX. 

Fort  Madison,   Iowa. 


Slippage  of  Reciprocating  Pumps 

Iicferring  to  Mr.  Xewbold's  comment  on  the  above 
subject,  page  792,  June  ;5  issue,  Mr.  Newbold  is  in  error 
when  he  believes  that  crank  pumps  do  not  have  the  "get- 
away" action  of  the  direct-acting  pumps,  thus  allowing 
more  time  for  the  valves  to  "ne.st  home."  Just  the  op- 
posite is  true.  It  is  a  peculiarity  of  the  duplex  pump, 
that  the  pistons  remain  at  rest  at  the  end  of  a  stroke  for 
a  certain  time  (about  l^  of  the  time  required  for  one 
stroke),  allowing  the  valves  to  come  down  to  the  seats. 
With  flywheel  pum])s  the  piston  reverses  instantly  and 
for  this  reason,  power  j)umi)s  mu.st  be  run  slower  than 


du]ilex  ]iuui])s  or  must  have  larger  valve  area;  otherwise, 
the  valves  will  slam  and  ]n-oduce  objectionable  results. 

A.  REnniNG. 
Buifalo,  X.  Y. 

The  Engineer's  Chair 

In  the  June  17  issue  of  Poweu  there  appeared  an  edi- 
torial under  the  heading,  "The  Engineer's  Chair,"  which 
I  found  particularly  interesting.  However,  I  cannot  en- 
tirely agree  with  the  conclusions  arrived  at.  The  gen- 
ci'al  ])roposition  that  an  engineer  who  has  to  be  kept  con- 
tinuously on  his  feet,  to  make  sure  that  he  will  attend 
to  his  work  jjroperly,  ought  not  to  be  trusted  with  tlie 
care  of  a  plant  at  all,  sounds  well  enough,  and  I  believe, 
myself,  that  any  rule  specifically  forbidding  the  man  on 
duty  in  the  engine  or  boiler  room  from  sitting  down  when 
he  is  not  needed  on  his  feet  is  foolish.  Xevertheless,  ex- 
perience has  coiivinced  me  that  it  is  a  serious  mistake  to 
put  chairs  or  other  furnishings  in  the  average  engine 
room  in  such  numbers  or  of  such  a  kind  as  to  invite  the 
attendant  to  sit  down  or  to  make  sitting  too  comfortable 
for  him;  esjiecially  is  this  so  in  plants  which  run  at 
night. 

A  few  years  ago.  1  was  fireman  and  assistant  engineer 
in  an  electric-lighting  and  power  plant  where  the  load 
was  so  light  during  the  Christmas  week  that  it  was  usually 
not  necessary  to  keep  more  than  cmc  man  on  duty  at  a 
time.  During  this  period,  the  two  of  us  who  wci'c  or- 
dinarily on  duty  together  every  night  would  take  turns 
about  in  keeping  things  going,  each  of  us  thus  getting 
every  other  night  off.  Returning  to  town  about  1  o'clock 
on  one  of  these  nights,  I  was  surprised  to  find  that  every 
incandescent  lamp  that  I  could  see  had  its  filament  just 
barely  glowing.  A  few  minutes  later  I  discovered  the  en- 
gineer fast  asleep  on  an  old  sofa  which  we  had  brought 
into  the  engine  room  from  a  club  hovise  in  the  neighbor- 
hood. He  had  40  lb.  of  steam  and  not  a  drop  of  water 
in  the  Ijoiler  gages.  This  man  was  a  good,  dependable 
engiiu'er,  but  he  said  that  when  he  sat  down  to  rest  for  a 
moment,  he  fell  asleep  before  he  realized  that  he  was  even 
sleepy. 

In  a  later  experience  of  mine,  the  day  man  in  a  plant 
of  wliieh  I  was  in  charge,  exercised  his  ingenuity  in  .some 
of  his  spare  moments  in  making  what  was  the  best  model 
of  comfort  I  have  ever  seen  in  the  way  of  a  chair  con- 
structed of  rough  boards  and  course  bagging.  In  spite  of 
my  misgivings,  I  allowed  this  thing  to  remain  in  the  en- 
gine room,  only  to  be  called  out  of  bed  at  4  o'clock  a  few- 
mornings  later  with  the  cheerful  news  that  both  the  main 
bearings  and  the  crank  bearing  on  a  large  engine  had 
been  burned  out.  The  nap  for  which  the  presence  of  that 
chair  was  mainly  responsible  cost  us  at  least  $1000  be- 
fore the  damage  was  all  repaired. 

As  to  reading  in  the  engine  room,  like  the  writer  of  the 
editorial  referred  to,  I  believe  in  encouraging  the  operat- 
ing engineer  to  read  technical  j(nirnals.  It  is  a  mighty 
poor  sign  when  an  engineer  is  not  sulTicieiitly  in  love  with 
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hi!-  ihosen  work  to  rend  ;ill  of  these  that  lie  can.  But, 
in  niy  opinion,  tlie  engine  room  is  not  the  place  to  read. 
A  good  man  ciui  usually  find  enough  to  do  to  leave  him 
but  little  or  no  time  for  chair  warming  and  reading  in 
his  ri'gular  working  hour.<. 

J.    E.   L.VTT.V. 

(hi. ago.  111. 

What  Becomes  of  the  Water 

Mr.  Thurston,  in  Poweu,  June  17,  page  S69,  states 
that  he  is  having  trouble  with  his  sight-feed  lubricator  on 
account  of  the  water  leaving  the  glass  when  the  engine 
is  .shut  down.  1  have  had  similar  trouble  with  two  ver- 
tical T.v:7-iu.  piston-valve  stoker  engines.  These  engines 
are  connected  to  a  fan,  one  on  each  end,  one  being  used 
at  a  time.  They  are  controlled  by  a  balanced  valve  on 
the  steam  line  which  is  connected  to  the  damper  regu- 
lator. The  engine  runs  very  intermittently,  from  140  to 
4-50  r.p.m.  There  was  a  single-connection  lubricator  con- 
nected to  each  engine  between  the  regulating  valve  and 
the  cylinder.  Every  time  the  steam  was  cutoff  by  the 
dam]ier  regulator,  bubbles,  which  appeared  to  be  air. 
would  pass  up  through  the  glass  taking  the  water  with 
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Lubricator 

it,  and  the  oil  would  pass  through  inc  needle  valve  in  a 
stream,  although  when  the  engine  was  running  or  after 
it  had  slowed  down  no  trouble  was  given  in  feeding  the 
oil.  I  think  the  reason  was,  in  this  case,  that  a  vacuum 
was  formed  in  the  steam  line,  as  the  engine  ran  at  high 
speed  several  seconds  after  the  steam  was  shut  off,  due 
to  the  momentum  of  the  heavy  fan.  This  not  only  caused 
the  water  to  evaporate,  due  to  reduced  pressure,  but  may 
have  drawn  some  air  in  around  the  glass  packing,  which 
in  passing  through  the  glass,  took  some  of  the  water 
with  it.  Possibly  the  design,  of  the  lubricator  had  some- 
ihing  to  do  with  it.  One  of  the  engines  still  gives  the 
same  trouble.  The  other  one  was  stopped  by  changing 
the  lubricator. 

The  steam  pipe  to  which  the  lubricator  is  connected 
is  vertical  and  a  double-connection  lubricator  was  put 
on  but  not  in  the  usual  manner.  The  accompanying 
sketch  shows  the  double-connection  lubricator  connected 
to  one  connection  in  the  steam  line.  There  is  a  short  Yo- 
iu.  nipple  screwed  into  the  steam  line  with  a  valve,  a  sec- 


ond nipple,  a  tec.  and  another  nip])lc  to  which  the  lubri- 
cator is  connected.  The  loop  from  the  tec  to  the  top  of 
the  condensing  chamber  is  about  2  ft.  liigh.  This  lubri- 
cator gives  absolutely  no  trouble,  and  has  been  in  use 
nearly  a  year.  It  was  put  on  iji  this  manner  because  it 
was  impossible  to  turn  the  steam  off  long  enough  to  di-ill 
and  tap  a  hole  for  the  top  connection. 

A  double-connection  lubricator  usually  gives  better 
satisfaction  than  a  single  connection,  possibly  that  is  part- 
ly the  reason  why  the  trouble  was  sto])ped  when  we  made 
the  change.  Incidentially  it  might  be  said  that  this  man- 
ner of  connection  is  a  satisfactory  one  in  which  a  double- 
connection  lubricator  may  be  u.sed  on  a  horizontal  pipe. 
In  regard  to  Jlr.  Thurston's  trouble,  my  impression  is; 
that  it  is  due  to  evaporation,  and  vacuum,  and  if  the  prac-] 
tice  of  closing  the  valve  in  the  oil  line  to  the  cylinder' 
stops  it,  that  is  the  way  1  woulil  shut  down. 

•T;  ('.  IIawkin>. 

Tlvatlsvillc.  :\Jd. 


Mr.  Thurston's  trouble  wiili  the  water  disappearing 
from  the  sight-feed  glass  of  a  lubricator,  as  related  in  the 
June  17  issue  is  very  similar  to  an  experience  I  once  had. 

Shortly  after  taking  charge  of  a  new  plant,  I  noticed 
ihat  every  time  I  made  my  rounds  I  found  the  lubricator 
on  a  certain  engine  empty.  I  called  the  oiler's  attention 
to  it,  and  he  told  me  that  none  of  the  oilers  had  been 
able  to  keep  any  oil  in  that  lubricator.  On  examining  the 
lubricator  more  closely,  I  found  the  trouble  to  be  in  the 
way  it  was  connected.  Both  connections  entered  the  steam 
pipe  below  the  throttle,  and  as  soon  as  the  throttle  was 
closed  the  vacuum  took  the  oil  and  water  otit  of  the 
lubricator.  The  only  remedy  was  to  close  both  connec- 
tions to  the  lubricator  before  closing  the  throttle. 

I  think  if  Mr.  Thurston  will  investigate  the  throttle 
valve  closely  he  will  find  that  the  disappearance  of  watei 
from  the  sight-feed  glass  is  dtie  to  the  vacuum,  and  nol 
to  evaporation,  as  he  seems  to  think. 

S.  F.  Farley. 

Galveston.   Tex. 

Cause  of  Corroded  Tube  Ends 

In  answer  to  Sydney  Whitaker's  letter,  in  the  Juni 
17  issue,  relative  to  corroded  ends  of  boiler  tubes  woul( 
advise  that  I  have  had  similar  experiences  and  I  hav 
come  to  the  conclusion  that  when  tubes  were  put  in  the 
were  rolled  too  hard  and  sheared,  or  cut  slightly  an 
corrosion  started  more  easily  on  account  of  flues  weal 
ened  condition.  I  think  if  engineers  would  use  a  bust 
ing  and  a  little  judgment  and  less  muscle  when  usir 
the  expander  there  would  be  less  sheared  and  leaky  flue 

Breckenridge,  Mo.  Axdrew  Blair,  Jr. 

[It  is  claimed  by  some  well  versed  in  the  study  of 
metals  and  corrosion  that  weakened  steel  or  iron  is  more 
subject  to  corrosive  agenls  than  metal  tliat  has  not  lieen  i 
strained. — Editor.] 

Why  Engines  Rock 

Eeplying  to  H.  R.  Low  in  the  issue  of  July  ].  T  would 
advise  that  excessive  rocking  of  an  engine  in  most  cas 
is    caused    by    too   much    compression.      The    remedy   is 
obvious. 

Louisville.  Kv.  Johx  F.  Hi'rst. 
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Safety-Valve    s.-ttiiiK— How    can    it    be   .leteiniined   at    what 
ressure  a  safetj'  valve  is  set  to  blow? 

R.    B. 
By  testing  with  hydrostatic  pressure,    i.e.,  filling  the  boiler 
?ith    water    and    pumping    in    more    with    a    hydrostatic    test 
pump  until  the  safety  valve  opens.     The  pressure  then  shown 
toy   the   .aage    on    the   pump   will    indicate    the   valve   setting. 


Metal  MeltiDK  Points — What  are  the  melting  points  of 
babbitt   and    zinc? 

A.  O.  H. 

Zinc  melts  at  TSfi  deg.  F.  Commercial  babbit  metal  is 
[made  in  a  variety  of  proportions  of  copper,  antimony,  zinc 
and  frequently  lead  with  an  average  melting  point  of  about 
1000    deg.    F. 


Bate  of  Sprine  Plow — What  is  tlie  best  way  to  measure, 
approximately  at  least,  the  i-ate  of  flow  of  water  from  a 
spring'.' 

W.    K.   G. 

The  best  and  most  convenient  way  is  to  measure  the 
discharge  by  a  weir.  A  complete  description  of  the  construc- 
tion and  use  of  weirs  is  given  in  "Power,"  Dec.  28,  1909. 
pages    1090-1094. 

Kxhaiist  Steam  Heatinu  Better— We  are  heating  the  :nill 
with  live  steam  at  90-ln.  pressure,  saving  the  returns  for 
boiler  feeding.  Is  this  more  economical  than  using  exhaust 
iteam? 

G.  W, 

Exhaust  steam  would  be  more  economical  for  heating  than 
live  steam,  but  the  piping  must  be  large  enough  to  deliver 
the  steam  at  the  lower  pressure. 

Turbine  vs.  Eus'lne  Keononiy — How  does  a  300-hp.  turbine 
compare  in  economy  with  a  four-valve  high-speed  engine  of 
the  same  rating,  both  exhausting  to  the  atmosphere  and 
operated   at   full   load? 

G.    AV. 

A  300-hp.  turbine  of  average  good  construction  exhausting 
into  the  atmosphere,  would  be  about  half  as  economical  as 
m    average    good    noncondensing   four-valve    engine. 


Bniler-Tiibe  Enils — Why  should  water  tubes  be  flared  at 
the   ends,    while    fire    tubes  are    headed? 

R.    B. 

Fire-tube  boilers  should  have  the  tubes  beaded  over  at  the 
2nds  to  insure  that  the  tubes  stay  the  flue  sheets  or  heads  of 
the  boiler.  It  is  sufficient  to  simply  flare  the  tubes  of  a  wa- 
ter-tube boiler  as  the  reacting-pressure  area  to  be  supported 
s  less  per  tube,  amounting  to  only  the  cross-sectional  area 
3f  the  tube. 

Hydraulie  .VeeiimulatorH — Why  is  it  necessary  to  have  an 
Accumulator  on  a  hydraulic  system?  Would  the  system  not 
work    without    one? 

E.   .1.   M. 

It  is  necessary  to  have  an  air-pressure  accumulator  or 
pise  a  weighted  plunger  accumulator  in  a  hydraulic  system 
to  maintain  steady  pressure.  Pumping  directly  into  the  sys- 
tem would  not  insure  steady  working  pressure.  Using  an  ac- 
umulator  not  only  makes  steady  pressure,  but  also  permits 
:of  using  the  system  to  a  considerable  extent  without  running 
the    pumps — depending    on    the    capacity    of    the    accumulator. 


Hard  and   Soft   TatehcH — What 
hard   patch    and    a   soft    patch? 


E.    .S. 


The  term  "hard  patch"  signifies  that  a  boiler  patch  is  riv- 
Med  in  place,  usualy  being  put  on  the  inside  of  a  boiler  shell 
for  covering  a  hole  made  by  removing  a  bad  spot  in  the  shell. 

"Soft  patch"  is  the  name  given  to  a  patch  which  is  care- 
fully shaped  to  the  space  to  be  covered  and  goes  on  the  out- 
de  nf  the  boiler.     Usually  the  patch  is  held  in  pace  by  screw 


bolts  or  cap  screws  which  are  screwed  into  holes  tapped  into 
the  boiler  shell.  The  screw  bolts  are  usually  collar-head  cap 
screws  and  the  square  heads  are  chipped  off  after  the  bolts 
are  set  up,  leaving  the  collars  to  hold  the  patch  to  the  shell. 
Soft  patches  are  frequently  used  to  cover  cracks  in  boiler 
shells  and  the  fact  that  soft  copper  or  lead  is  generally  used 
as  a  packing  between  the  patch  and  the  boiler  shell  is  the 
probable  reason  for  calling  a  repair  of  this  kind  a  "soft  patch." 

Safety-Valve    .\rea — How    would    you     determine     the      re- 
quired  area   of  a   safety  valve  for  a    given   boiler? 

R.    P,. 
The  U.   .S.   inspectors'  rule  tor  area  of  all  safety  valves  de- 
termines  the  area  by  the  formula: 

W 
a   =    0.2074    X    — 
P 
where 

a  =  The    area    of    safety    valve    in    square    inches    per 
square    foot    of    grate    surface: 
W  =  The    pounds    of    water    evaporated     per     hour     per 

square  foot  of  grate  surface  and 
P  =  Absolute  pressure    per  square  inch    (working  gage 
pressure     +     15). 
The    value    of   "a"    multiplied    by    the    square    feet    of   grate 
surface  gives   the   area  of   safety  valve    or  valves   required. 


Eeonomieal  Cutoff — We  have  a  500-hp.  engine  which  cuts; 
off  at  half-stroke  when  developin.g  this  power.  Our  load  is 
constant  and  250  hp.  Would  it  be  more  economical  for  uis 
to  get  an  engine  whose  rated  load  is  250  hp.  when  cutting 
off  at   half-stroke? 

E.   M.  W. 

No.  From  a  table  of  mean  forward  pressures  it  can  be 
found  that  for  the  above  conditions  and  at  half  stroke  the 
mean  forward  pressure  is  0.S556  lb.  per  lb.  of  initial  pressure, 
assuming  5  per  cent,  clearance.  Assuming  100  lb.  abs.  initial 
pressure  the  mean  forward  pressure  would  be  S5.56  lb.  Also, 
assuming  17  lb.  absolute  back  pressure,  the  mean  effective 
IJressure   would    be    flS.56   lb.      For    half   the   load   the   mean    ef- 


fecti 


pressurt 


--    34.28  lb. 


Adding  the  17- lb.  back  pressure  the  mean  forward  pressure 
would  be  51. 2S  lb.  or  0.5128  lb.  per  pound  of  initial  pressure, 
which  from  the  tables  is  found  to  correspond  to  a  cutoff  of 
less  than  i>s -stroke  and  a  little  more  than  J-stroke.  In  any 
event  it  shows  that  less  than  half  the  steam  will  be  admitted 
per  stroke  and,  speed  remaining  the  same,  the  steam  con- 
sumption will  be  less  than  it  would  with  cutoff  at  half- 
stroke. 


Tank-Head  Strength — The  bumped  head  of  a  cylindrical 
tank  is  %  in.  thick,  30  in.  in  diameter,  the  radius  of  curva- 
ture is  30  in.  and  the  tensile  strength  of  the  material  60,000 
lb.  per  sq.in. :  with  a  factor  of  safety  of  4  what  is  the  safe 
working    pressure? 

R.    J. 
The  ultimate  strength  can   be  found  from  one  or  the  other 
of   the   following  formulas: 
2  St  2  St 

p  -  or    p  = • 

r  d 

where 

S  =  Tensile  strength,  pounds  per  square  inch: 
t  =  Thickness   of  the   material; 
r  =  Radius    of   curvature   of   the   head; 
d  =  Diameter    of   the    head. 
The   right   formula  to  use  in  any  case  is   the   one   in   which 
the  value   "r"  or  "d"  is   the  larger.     In    this   instance   they  are 
equal,    hence   either   formula    will    do   and    to    get    the 
pressure  for  a  factor  of  safety  of  4 
"p"    by    4    and    since 
2  St 
P  =  


rking 
it  is  necessary  to  divide 


2  X  60,000   X  0.375 


=    3750  lb.   per  sq.in. 
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Heat  Lost  in  Flue  Gases — III 

Sol.lTIOX  OF   PliAlTICE  PeOBLEMS 

The  ])c'nt'iitagt'  of  exross  air  .«npplied  to  the  furnace 
may  be  deterniiued  from  the  formula  for  calcuhating  the 
ratio  of  air  supplied  to  air  required,  which  is  as  follows: 

N     

.V 


R 


R  = 


2.18 


(3.78  X  0) 

From  the  data  given,  ^Y,  the  percentage  of  nitrogen 
in  the  flue  gas,  equals 

100  —  (6.3  +  11.7  +  0.4)  =  Sl.G 
Su1)stituting  in  the  formula  gives 

81.6^ 81.6 

81.6  —  (3?78  xTL7)  ~  37.37 
Thus,   .^.18   lb.   of  air  was  supplied   for  every  i>ouud 
theoretically  required.     Hence,  the  amount  of  excess  air 
supplied  w'ith  each  pound  required  is 

2.18  —  1   =   1.18  \h. 
This  excess  amount  divided  by  the  required  amount  and 
multiplied  by  100  gives 

^-±  X  100  =  W^  per  rent. 

excess  air  supplied  to  the  furnace. 

To  calculate  the  B.t.u.  carried  up  the  chimney  by  the 
flue  gases  per  pound  of  coal  burned  it  is  first  necessary 
to  estimate  the  weight  of  flue  gases  formed  per  pound 
of  coal.  And  before  this  quantity  can  be  estimated  it  is 
necessary  to  estimate  the  decimal  part  by  weight  of  total 
carbon  in  the  fuel.  The  decimal  part  of  fixed  carbon  is 
given  (expressed  as  a  percentage)  in  the  promixate  an- 
alysis of  the  coal,  and  equals  0.652.  To  this  must  be 
added  the  decimal  part  of  volatile  carbon,  which  is  esti- 
mated in  the  manner  explained  in  the  lesson  of  July  22 
1\V  means  of  the  chart  in  Fig.  1.  The  sum  of  the  percent- 
ages of  fixed  carbon  and  volatile  matter  is  65.2  -|-  18.6  = 
83.8,  and  this,  divided  into  the  percentage  of  volatile 
matter  and  multiplied  by  100,  gives 

1^  X  100  =  22.2 

83.8 

the  percentage  of  volatile  matter  in  the  combustible. 

Locating  as  closely  as  possible  the  22.2  per  cent,  point 
at  the  bottom  of  the  chart  in  the  July  22  number,  and 
tracing  an  imaginary  line  up  to  the  curve  and  over  to  the 
side  scale,  we  get  10.4,  the  percentage  of  volatile  carbon 
in  the  combustible.  And  this,  multiplied  by  the  percent- 
age of  combustilile  in  tho  coal  (83.8)  and  divided  by  100, 
gives 

10.4  X  83.8 


100 


=  8. 


(he  percentage  of  volatile  carbon  in  the  coal.    Shifting  the 
decimal  point  two  places  to  the  left  reduces  this  percent- 
age to  a  decimal  fraction.    Adding  this  fraction  to  0.652. 
the  decimal  part  of  fixed  carbon  in  the  coal,  gives 
0.652  +  0.087  =  0.739 


or  practically  0.74,  whicli   is  the  decimal   part  of   total 
carbon  in  the  coal. 

The  formula  for  estimating  the  weight  of  gases  formed 
per  pound  of  coal  burned  is 

""         V(l-.l) 


ir  =  3.032  C 


(■(),  +  CO 


Substituting,  gives 

ir  =  3.032  X  0.74 


.SI.  6 
1^3"+  (i74 


+  (1  —  0.117) 


ir  =  2.24  (^)  +  <i.88  =  28.10  lb. 

gases  formed  per  pound  of  coal  burned. 

The  B.t.u,  carried  up  the  chimney  per  pound  of  coa). 

burned  is  estimated  by  this  formula. 

L  ="0.-34  IF  (T  —  t) 

Substituting,  gives 

L  =  0.24  X  28.16  (515  —  75) 

L  =  6.76  X  440  =  2974  B.t.u. 

carried  up  the  chimney  by  the  flue  gases  per  ])ouiid  of 

coal  burned. 

The  percentage  of  loss  is  the  number  of  B.t.ii.  carried 

up  the  chimiiey  per  pound  of  coal  divided  by  the  heat 

value  of  the  coal  and  multiplied  by  100,  thus 

2974 

X  100  =  22. a  per  cent.  Zos.s 

There  are  several  ways  in  which  the  answer  to  the  last 
problem  can  be  obtained.  The  simplest,  although,  per- 
haps, not  the  shortest,  is  to  find  the  percentage  of  heat 
loss  in  the  second  case  and  subtract  this  loss  from  the  loss 
we  have  already  worked  out  for  the  first  case.  The  dif- 
ference, divided  by  the  heat  value  of  the  coal,  will  repre- 
sent the  percentage  of  coal  saved  per  year.  Then,  the 
number  of  tons  thus  shown  to  be  saved,  multiplied  by  the 
cost  per  ton,  will  give  the  annual  saving  in  dollars  and 
cents. 

First,  using  the  formula  for  the  weight  of  flue  gases 
formed,  gives 


ir 


W 


3.032  X  0.74 


81. <i 


10.7  +  n.4 


+  (1  —  0.117) 


2.24 /^J-'A  +  0.88  =  17.34  U?. 


the  weight  of  flue  gases  formed  per  pound  of  coal. 

Next,  substituting  this  value  in  the  formula  for  esti- 
mating the  heat  lost  up  the  chimney,  gives 
L  =  0.24  X  17-34  (515  —  75) 
L  =  4.16  X  440  =  1830  B.t.u. 
carried  up  the  chimney  by  the  flue  gases  per  pound  of 
coal. 

In  the  first  case,  2974  B.t.u.  was  lost  up  the  chimney 
per  pound  of  coal.     Hence  the  saving  is 

2974  —  1830  =  1144  B.\.:: 
per  pound  of  coal.    In  percentage  this  saving  amounts  to 
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1144 


X  100  =  8.()9  ;jc/-  cent. 


13,100 

As  8.69  per  cent,  of  eacli  pound  ut'  eoal  is  saved,  8.69 

3r  cent,  of  each  ton  and  hence  8.69  per  cent,  of  all  the 

)al  is  saved.     Thus,  the  saving  in  tons  per  year  equals 

0200  X  8.09 


100 


=  538.78 


id  the  saving  in  dollars  and  cents  equals 
538.78  X  3.10  =  $1670.23 

Loss  Due  to  Ixcomplete  Combustion 

In  one  of  the  early  lessons  we  learned  that  carbon  un- 
3r  certain  conditions  will  only  partially  burn,  forming 
irbon  monoxide  (CO)  instead  of  carbon  dioxide  (CO,) 
id  creating  only  4450  B.t.ii.  per  lb.  of  carbon  instead 
■  14,600.  Hence,  for  every  pound  of  carbon  only  partially 
irned 

14,000  —  4450  =  10,1.^)0  B.t.u. 

lost. 

If  the  flue-gas  analysis  shows  that  CO  exists  it  may  l)e 
iportant  or  desirable  to  know  the  amount  of  heat  loss 
le  to  incomplete  combustion.     The  following  formula 

convenient  for  estimating  this  quantity. 

L'  =  10,150  (^^  ^,^ ,.,^  \  C 


CO  +  CO, 


her 


L'  =  B.t.u.  lost  per  pound  of  fuel ; 
CO  =  Percentage  by  volume  of  carbon  monoxide  in 

the  flue  gas ; 
CO. J  =  Percentage  by  volume  of   carbon   dioxide   in 
the  flue  gas; 
C  =  Decimal  part  bv  weiglit  of  total  carbon  in  the 
fuel. 
To  illustrate,  assume  the  following:  CO,  1.3  per  cent.: 
Oj,   15.2  per  cent.,  and  total  carbon  in  the  fuel,  72.8 
■r  cent.     The  heat  loss  due  to  incomplete  combustion 
3uld  be,  in  such  a  case, 

1.3 


L' 


10,150 


1.3  +  15.; 


U  =  10,150  X  ~r^  X  0.728  =  582.27  B.t.u.  per  Ih. 
10.5 


Control  Board  for  Panama  Locks 

The  tirst  of  the  control  boards  for  the  Panama  C!anal 
cks  has  just  been  completed  by  the  General  Electric 
3.  Before  shipping  to  the  canal  zone,  however,  it  was 
sembled  and  a  demonstration  of  its  operation  given 
'fore  a  number  of  guests  at  the  Schenectadv  works  on 
ily  28. 

The  board  is  of  the  bench  type,  about  60  ft.  long,  and 
unique  in  that  its  top  represents  a  plan  of  the  locks 
ith  all  the  gates,  etc.,  in  miniature ;  these  operate  simul- 
neously  with  the  actual  gates.  A  system  of  water-level 
dicators  is  provided,  as  well  as  signal  lights  showing 
e  positions  of  the  valves. 

By  an  ingenious  system  of  interlocking  the  operator 
prevented  from  throwing  any  of  the  switches  in  the 
rong  sequence,  which  makes  the  board  practically  fool- 
oof. 

At  a  later  date  we  hope  to  illustrate  and  describe  the 
lard  more  in  detail. 


OVER   THE   SPILLWAY 

JUST      JESTS.     JABS.     JOSHES      AND     JUMBLES 


i 


"A  boiler  explosion  broke  the  right  leg-  of  Rutus  Palmer 
last  Friday,  on  the  farm  of  Robert  Liddell,  northeast  of 
Columbia,  where  Mr.  Palmer  was  threshing  wheat,"  says  the 
Columbia  (Mo.)  "Herald."  Beats  all  how  a  boiler  explosion 
sometimes  cuts  up.  It  might  be  some  consoling  that  the 
dratted  thing  broke  the   right   leg.   whichever   one   that  was. 


This  comes  from  Kansas:  "Farmer  David  Rump  has  a  calf 
that  is  16  in.  high."  Goodness  only  knows  what  a  boiler  ex- 
plosion would  do  to  Dave's  calf.  From  the  meager  press 
details,  one  is  at  a  loss  as  to  whether  Dave  ought  to  cover 
hi.s  calf  with  a  pink  silk  sock,  or  tether  it  out  in  the  red 
clover   and    let   it    bark   at    the    passing   automobiles. 


Out  of  10,000  names  in  a  straw  vote  as  to  "the  most  useful 
American,"  Thomas  A.  Edison  received  87  per  cent,  of  the 
ballots  cast.  It's  not  surprising  that  Edison  should  got 
this  recognition.  A  woman,  Jane  Addams,  was  second  choice. 
For  years,  remarks  "Valve  World,"  this  noble  woman  has 
been  quietly  putting  into  practice  "a  human  method  of  help- 
ing the  poor" —  and  helping  them  to  help  themselves.  In 
its  own  grooves,  this  work  is  as  great  as  that  achieved  by 
Edison 


My  stars!  Efficiency  is  now  roaring  up  into  the  blue  vaults 
of  high  heaven — gone  up  in  the  air,  as  it  were.  The  leading- 
astronomers  are  adapting  its  methods  to  their  particular 
needs.  Now  who  will  tackle  the  bottom  of  the  sea  and  stir 
up  our  old   friend   McGinty? 


A  man  in  Oklahoma  thinks  that  "the  boiler  explosion  was 
caused  by  too  much  pressure  in  the  boiler."  It's  a  pretty 
good  guess  at  that,  unless  the  boiler  may  have  become  in- 
fested   with    boll    weevils. 


Hoch  Deutschland!  Hoch  der  American  Society  of  Me- 
chanical Engineeis!  Those  who  attended  the  recent  interna- 
tional convention  at  Leipzig  had  the  time  of  their  lives  and 
they  live  to  tell  it.  On  arrival,  their  hospitable  German  hosts 
took  them  to  their  hearts — and  to  the  Hofbrauhaus.  In  fact, 
the  18  days'  visit  was  a  succession  of  banquets  and  lunches, 
28  in  all — a  regular  endurance  test.  But  in  between  they 
saw  things  and  learned  things  that  will  endure  for  a  lifetime. 
They're  glad  they  tore  themselves  away  from  Yankeeland 
that  they  might  dip  into  the  good  things  of  the  Fatherland. 

The  Congressman  electrician  who  proposes  the  installation 
of  an  electric  voting  machine  in  the  national  House  lays  him- 
self open  to  the  suspicion  of  pernicious  activity.  He  would 
record  his  vote  by  pushing  a  button.  In  a  hotel  caff  this  is 
productive  of  the  desired  results,  but  it  is  prostituting  con- 
gressional dignity  to  attempt  it  in  the  House. 

Can  you  dope  this  out  as  you  read  it?  "A  man  leaves  his 
working  face  before  shooting  time,  expecting  his  buddy  tc 
fire  all  the  shots,  but  the  buddy  is  injured  by  a  windy  shot 
and  can't  make  his  way  out,"  says  "Coal  Age."  This  partly 
describes  a  coal-mine  accident:  it's  the  slang  technique  of  the 
miner. 


"Pencil  scribblings  no  longer  deface  the  walls  of  cur  toilet 
rooms,"  reports  a  shop  manager  in  "Factory."  Oh  ye  poets 
and  cartoonists,  what  a  blow  to  an  active  industry!  Friend 
manager  has  dealt  this  blow  by  removing  the  stall  doors;  the 
frequenters  are,   therefore,   under  more   or   less  surveillance. 

The  digging  is  always  good  in  Rome,  Italy.  Apparently, 
if  one  is  hazy  as  to  the  origin  of  any  old  kind  of  engineering, 
he  lias  simply  to  take  a  Roman  excavation  trip — and  he's  got 
it.  In  the  first  century  Roman  houses  were  heated  by  a 
primitive  system  of  hot-air  circulation:  there  were  three 
large  elevators  in  the  Imperial  Palace:  there  were  hot-  and 
cold-water  services — mebbe,  the  early  wise  guys  knew  if  the 
foot-pound  wabbled.  The  pick  and  the  shovel  have  here- 
tofore been  belittled  by  the  ignorant  and  the  thoughtless;; 
now  it's  time  to  buck  up. 
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Mechanical  Engineers'  German 
Meeting 


F.  i;.  1.1  iw 


Notable  among  the  incifasingly  friqueiit  inteinational  ex- 
changes of  courtesy  is  the  entertainment  extended  by  the 
Verein  Deutscher  Ingenieure  to  the  members  of  the  American 
Society  of  Mechanical  Engineers  who  accepted  the  invitation 
to  take  part  in  its  summer  meeting  at  Leipzig.  The  visiting 
party  numbered  upward  of  300,  most  of  whom  left  New 
York   on   the   "Victoria  Luise"   on   June   10. 

Representatives  of  the  Verein  boarded  the  ship  at  Ply- 
mouth, England,  to  welcome  the  visitors  and  e.xplain  the  ar- 
rangement which  had  been  made  for  their  comfort,  con- 
venience   and    entertainment. 

Being  somewhat  behind  her  schedule,  the  "Victoria  Luise" 
landed  her  passengers  at  Cuxhafen,  whence  they  .proceeded 
by  train  to  Hamburg  where  they  arrived  late  in  the  even- 
ing   of    Thursday,    June    20. 

-\T   HAMBURG 

On  Friday  forenoon  the  company  assembled  at  the  Land- 
ing Stage  Restaurant  of  the  river  steamers  vfhere  after 
breakfasting  they  listened  to  a  lecture  about  the  Harbor  of 
Hamburg  and  the  tunnel  under  the  Elbe  by  Geheimrath 
Bubendey  who  is  responsible  for  much  of  the  recent  work, 
and  then  took  an  excursion  about  the  harbor  in  steamers. 

In  the  evening  a  reception  was  tendered  to  the  visitors  by 
the  Senate  of  Hamburg,  which  is  one  of  the  free  cities,  a 
miniature  republic  with  a  government  of  its  own.  The  ad- 
dress of  welcome  was  made  by  the  Lord  ilayor,  and  an  op- 
portunity was  offered  to  inspect  the  magnificient  Rathaus. 
the  seat  of  the  local  government.  A  banquet  tendered  by  the 
Hamburg  Section  of  the  Verein  Deutscher  Ingenieure  in  the 
Rathskeller  beneath  the  same  building  completed  the  even- 
ing's entertainment. 

On  Saturday  the  tunnel  under  the  Elbe,  a  municipally 
owned  project  with  two  driveways  and  two  sidewalks,  and 
with  elevators  at  either  end  for  teams  and  passengers  was 
inspected.  It  "was  a  pleasure  to  notice  that  the  elevators  were 
American,  made  by  Otis.  The  party  was  then  taken  to  the 
ship-building  yards  of  Blohm  &  Voss  where  among  other  in- 
teresting things  the  "Vaterland"  (55,000  tons,  five  tons  larger 
than    the    "Imperator")    was   on    view,      .-\fter    lunching    at    the 


fiist  union  of  the  guests  with  the  greater  body  of  their  hostffl 
took  place  at  a  tremendous  reception  at  the  Crystal  Palace. 
J  use  the  word  advisedly  for  everything,  company,  place  and 
entertainment  was  upon  a  large  and  generous  scale,  and  of  an 
informal  character  which  afforded  an  excellent  opportunity 
for   the  initial  amalgamation. 

On  Monday  morning  the  opening  session  of  the  general 
meeting  of  the  Verein  Deutscher  Ingenieure  was  held  in  the 
Central  Theater  and  it  is  an  index  of  the  esteem  in  which  the 
engineer  and  this  his  professional  organization  are  hel 
Germany    that    H.    M.    the    King,    Friedrieh    August    of   Saxony, 
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was  pleased  to  be  present  and  to  be  "promoted"  to  Do< 
Engineering.  Count  Zeppelin  was  also  thei-e  and  spoke  i 
and  the  Grashof  medal  was  awarded  to  George  H.  W. 
house. 

At  the  conclusion  of  the  award  of  honors.  Dr.  Lanji 
presented  a  paper  upon  the  "Technical  Science  and  Cult 
the  Present,"  and  Dr.  W.  F.  M.  Goss'  paper  upon  "Infli 
.\ffecting  .\merican  Engineering  Practice"  (abstract^ 
■Towevr    July    1-    l!ii:i.    pasr    :!s)    was    presented    in    Dr.    • 
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yards  the  party  was  taken  to  the  power  station  of  the  ele- 
vated railroad  at  Barmbeck  whence  after  being  further  re- 
freshed they  proceeded  to  the  Hagenbeck  Zoological  gardens, 
the  attractions  of  which  were  explained  by  the  younger  Jlr. 
Hagenbeck  himself.  The  evening  was  thoughtfully  left  free 
and  profitably  employed  in  viewing  the  interesting  points  of 
the    city   itself. 

AT   LEIPZIG 

Sunday  the  22d  was  spent  in  going  from  Hamburg  to 
Leipzig  "where  the  party  arrived  late  in  the  afternoon,  in  time 
to  witness  the  flight  of  several  Zeppelins.  Here  the  attend- 
ants at  the  Leipzig  meeting  were  already  assembled  and   the 


absence  by  Past-President  Jesse  M.  Smith.  One  of  the  mos 
enjoyable  features  of  the  whole  trip  was  a  concert  at  thv 
Gewandhaus  tendered  by  the  .Senate  of  the  city  of  Leipzig  b; 
an  orchestra  of  nearly  100  pieces.  This  was  followed  by  ! 
banquet  in  the  large  festival  hall  of  the  Central  Theate 
the  course  of  which  several  numbers  "were  rendered  by  th 
Thomaner-Boy   Chorus  founded   by  J.   Seb.   Bach. 

Tuesday's  session  of  the  Verein  was  held  in  the  lectur 
room  of  the  .\rchitectural  Exhibition,  there  in  progress.  Op 
portunity  was  afforded  to  view  the  exposition,  to  visit  severs 
local  industries  and  to  take  part  in  the  dedication  of  the  mor 
ument  to  the  "Battle  of  the  Nations."  The  evening  party  « 
the   Palm    Garden    was    somewhat    disorganized    by    a   violen 
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specially    thi.'    intended 
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vented   them   from  being  served  upon   the  lawn   as  the  featiir 


AT  DRESDEN 
Leaving  Leipzig  the  party  arrived  at  Dresden  before  noon, 
nd  at  two  o'clock  was  taken  to  the  Bastei  (the  Switzerland 
f  Saxony)  returning  as  far  as  Pirna  by  steamer  on  the  Elbe 
nd  thence  to  Dresden  by  special  train.  In  the  evening  a  re- 
eption  and  banquet  were  given  the  visitors  in  the  Town  Hall 
y   the    city   of  Dresden. 

The  following  forenoon  was  devoted  to  sight-seeing.  At 
tie  Mechanical  Engineering  Laboratory  of  the  Technical  High 
lol,  where  Professor  Mollier,  author  of  the  steam  tables 
nd  the  Total  Heat-Entropy  diagram  which  bear  his  name, 
scorted  the  visitors  through  his  department.  Interesting 
rork  upon  heat  interchange  between  an  exploded  charge  of 
and  the  metal   of  the  containing   ves.sel  involving  the   de- 
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erniination  of  the  specific  heat  at  constant  volume  were  in 
tMm>ss.  Another  interesting  feature  was  an  engine  pi-o- 
iili  il  with  a  delicate  apparatus  at  every  working  bearing  to 
iilirute  and  analyze  knocks.  We  hope  to  be  able  to  treat 
hese  researches  more  fully  later.  Other  points  ol  attraction 
rere  the  local  industries,  the  picture  gallery  and  the  Green 
ault  where  the  crown  jewels  are  displayed.  The  visit  to 
Iresden  ended  all  too  quickly  with  a  luncheon  tendered  by  the 
3cal  division  of  the  Vereiii  and  at  2:30  ihe  party  took  its 
pecial    train   for   Berlin. 

AT  BERLIN 
To  do  Beilin  in  two  days  was  beyond  the  power  even  of  this 
ow  some  experienced  group,  but  it  m'.tde  -i  frantic  try  at  it. 
a  a  little  over  two  hours  after  the  train  :  cached  the  city  the 
isitors  were  at  a  reception  in  the  Palrice  of  the  Imperial 
)iet.  Friday  and  Saturday  they  visited  many  of  the  local  in- 
ustries  and  the  Royal  Technical  High  School  at  Charlotten- 
erg.  Saturday  afternoon  they  were  taken  in  automobiles 
i>r  a  drive  over  the  famous  Heerstrasse  to  '\\'annsee.  gi"en  a 
teamer  trip  on  the  Havel,  and  a  farewell  supper  in  the  Swed- 
5h   Pavilion   at  ^^'annsee. 

AT  DUSSELDORF 

t  is  an  all-day  ride  from  Berlin  to  Uusseldorf,  the  next 
topping  place.  The  party  arrived  there  late  on  Sunday  after- 
oon  and  was  given  a  reception  in  the  Tonhalle  by  the  city 
f  Diisseldorf  at  which  Dr.  Frohlich.  secretary  of  the  Veieins 
eutscher  Maschinenbau-Anst,  read  a  paper  upon  the  "Rhen- 
ih-Westfalian  Industries,"  illustrated  by  lantern  slides.  This 
'"as  followed  by  an  opportunity  for  social  intercourse  with 
he  refreshments  without  which  no  occasion  here  is  complete. 

Monday  was  devoted  to  visiting  various  industries  and  an 
iispection  of  the  harbor,  with  a  banquet  in  the  evening  given 
:he  Rhenish-Westfalian  Committee  of  the  Verein.  The 
eatur'  of  the  evening  was  an  allegorical  play  in  which  a 
luge  billet  of  red-hot  steel  was  flattened  out  under  the  forge 
resi  and  when  turned  up  revealed  the  emblems  of  the 
Terein  Deutscher  Ingenieure  and  the  American  Society  of 
Techanical  Engineers  embedded  in  the  apparently  glowing 
le'.cl. 

Tuesday  was  again  devoted  to  visiting  industrial  estab- 
Ishments  by  the  men  and  to  auto  rides  and  visits  to  the  art 
alleries  by  the  ladies.  A  dainty  lunch  was  served  at  the 
Malkasten,"  an  artists'  club,  and  the  party  moved  over  to 
(ologne  only  an  hour  away  in  time  to  see  something  of  the 
ity  and  dress  for  the  "Evening  on  the  Rhine."  The  pi'o- 
ram  announced  that  "Supper  and  fun"  had  been  prepared  by 
h.'  Rhenish-'Westfalian  committee  and  there  was  no  lack 
f    .ither    notwithstanding    the    cold    and    damp    weather    pre- 
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On  A\'ednesday  an  opportunity  was  afforded  to  visit  tlie 
industries  of  Cologne  and  the  vicinity,  the  museums,  etc.,  and 
the  cathedral,  the  ladies  and  gentlemen  of  the  local  committee 
acting  personally  as  guides  and  interpreters.  In  the  evening 
a  reception  and  banquet  was  given  by  the  city  of  Cologne  in 
the  historic  old  Glirzenich  built  by  the  city  in  1441-1447  for 
festival  and  similar  purposes,  serving  for  the  ceremonial  re- 
ceptions of  the  emperors  Frederic  III  and  Maximilian  I  in  the 
15th  century,  of  Charles  V  in  the  IGth  century,  and  an  imperial 
diet  of  Maximilian  in  1505  and  the  meeting  of  the  Electors 
to   choose   King   Ferdinand  I  in    1531. 

AT  FRANKPORT-ON-THE-MAIN 
On  Thursday  the  visitors  started  on  their  journey  up  the 
Rhine  going  by  train  to  Corblenz,  then  by  boat  to  RUdesheim 
and  thence  by  rail  to  Frankfoit-nn-the-Main,  wliere  they 
were  received  by  the  Prankfnitii  i;./.iik  Verein,  Deutsche!- 
Ingenieure.  The  evening  was  .^  i  ^  m  in  th  ■  Palm  Garden,  with 
feasting,  music  and  special  illuniin.il  i.'ii. 

At  noon  of  Friday,  the  fourth,  luncheon  was  given  in  the 
Rdmer  by  the  city  of  Frankfort  and  an  opportunity  afforded 
to  inspect  this  and  the  neighboring  old  Guild  houses.  In  the 
afternoon  the  party  divided  into  groups  for  the  inspection  of 
various  shops  and  factories.  In  the  evening  tile  Americans 
became    the    hosts,    inviting    the    oflicers    of    the    city    and    the 
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by  the  city  of  Mannheim  in  the  Nibelungensaal  of  the  Rosen- 
garten  in  the  evening,  at  which  a  picked  chorus  of  24  male 
voices    was    a    s;jecially    enjoyable    feature. 

AT    HEIDELBERG 

Sunday  was  devoted  to  a  visit  to  Heidelberg.  The  inspec- 
tion of  the  castle  was  somewhat  interfered  with  \>y  the  rain, 
which    abated,    however,    in    time    to    allow    the   party    to    go    in 
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and  an  elaborate  display  of  fli-eworks  upon  the  bridge  and 
river  bank.  Heidelberg  h.ad  been  a  bright  spot  in  a  glittering 
program,  and  notwithstanding  the  unpropitious  weather  the 
expectations   even    of   the    most   sanguine    were   fully    satisfied. 

AT  :\n'NM'H 

Monday,  the  sevcTith.  was  spent  in  getting  to  Munich  where 
the  trip  ended.  It  would  seem  as  though  there  were  nothing 
left  that  man  could  do  to  sustain  the  interest  of  this  much 
enteitained  crowd  and  provide  new  sensations  of  pleasure  ar  1 
enjoyment,  but  the  Bavarians  were  e(iual  to  it.  and  their  wtl 
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coming  evening  in  the  woild-renowned  Hofbriiuliaus  was  so 
in  keeping  witli  tlie  reputation  of  tlie  place  for  good  fellow- 
slilp  and  camaraderie,  so  different  from  all  that  had  gone  be- 
fore that  the  enthusiasm  of  the  guests  was  aroused  to  a 
higher  pitch  than  ever. 

On  Wednesday  forenoon  a  visit  was  paid  to  the  German 
Industrial  Museum  of  which  Oskar  von  Miller,  also  president 
of  the  Verein  Deutscher  Ingenieure,  is  the  president.  Lunch 
was  served  in  the  still  uncompleted  new  building  at  which 
Past-President  E.  D.  Meier  presented  the  museum  in  the 
name  of  the  American  Society  with  the  model  of  the  Panama 
Canal  which  had  been  brought  over  for  that  purpose  and  Dr. 
von  Miller  responded  by  presenting  the  Society  with  an  orig- 
inal  telescope   of   Fraunhofer. 

In  the  afternoon  an  excursion  was  made  to  the  Lake  of 
Starnberg  and  the  closing  ceremonies  of  the  trip  took  place 
at  a  banquet  given  by  the  city  of  Munich  in  the  old  Town 
Hall. 

A  final  assemblage  of  the  party  was  held  at  the  Regina 
Palast  on  Wednesday  forenoon  where  resolutions  of  thanks 
were  passed  to  all  who  had  been  concerned  in  their  enter- 
tainment. Dr.  Conrad  Matschoss,  the  representative  of  the 
Verein  Deutscher  Ingenieure,  who  had  visited  America  to  con- 
vey the  official  invitation  and  arrange  the  preliminary  details, 
and  who  had  met  the  party  at  Plymouth  and  accompanied 
them  throughout  the  trip  was  given  a  special  demonstration 
and  e.xpressed  the  hope  that  the  visit. might  result  in  the 
establishment  of  permanently  pleasant  relations  between  the 
engineers  of  the  two  participating  nations.  He  also  made  a 
special  plea  for  the  preservation  and  record  in  America  of  the 
history  of  engineering  and  industrj'.  The  world's  history  as 
at  present  taught  and  accessible,  recounts  the  reigns  of  kings 
and  glorifies  warriors  and  conquerors,  but  gives  almost  noth- 
ing of  the  w'ork  of  the  great  inventors  and  promoters  who 
have  done  more  for  the  development  of  the  race  than  those 
whose  portraits  fill  the  galleries  and  whose  deeds  have  in- 
spired historians,  poets  and  painters.  There  should  be  an 
earnest  concerted  movement  on  the  part  of  engineers  to  pre- 
serve the  record  of  their  work  and  impress  the  world  with 
its  meaning  and  importance.  More  of  the  veterans  should 
record  their  experience  as  John  Fritz  and  Charles  T.  Porter 
have  done,  and  museums  should  be  established,  for  the  preser- 
■\'ation  of  apparatus  and  machines  of  historical  interest,  and 
the  demonstration  by  models  of  classical  experiments  and  the 
development  of  various  industries.  He  pleaded  for  the  co- 
operation of  all  American  engineers  in  the  task  which  he  has 
undertaken  of  putting  the  achievements  of  the  engineer  on 
record. 

In  the  afternoon  a  visit  was  paid  to  the  Technical  High 
School  where  Dr.  Knobloch,  whose  work  with  Jakob  forms 
the  basis  of  our  latest  knowledge  of  the  properties  of  super- 
heated steam,  personally  exhibited  his  laboratories  and  later 
Dr.  Diesel  received  a  large  number  of  the  visitors  at  his  home. 


Explosion  of  Traction  Boiler  Fatal 

A  traction-boiler  explosion  near  Alva,  Okla.,  on  July  8, 
killed  one   man   and   severely    injured    two   others. 

It  is  stated  that  the  second-hand  traction  engine  was  at 
least  20  years  old,  and  that  none  of  its  type  had  been  made 
in  15  years.  At  the  time  of  the  explosion  the  boiler  was  car- 
rying  165   lb.   pressure,   but   how   long   it   had   been   thus   sub- 


jected is  unknown.  A  day  before  the  accident  the  fusil 
plug  blew  out  and  an  iron  pipe  plug  is  said  to  have  been  1 
serted. 

The  man  who  attended  the  tractor  and  thrasher  quit  : 
job  a  few  days  prior  to  the  explosion  because  of  the  unsi 
condition  of  the  boiler.  He  also  advised  the  owner  to  redi 
the  pressure. 

About  a  year  ago  the  flue  bagged  considerably  and  1 
owner  took  the  machine  to  the  Alva  Machine  Works  for 
pair.  The  manager  of  the  works  refused  to  repair  it,  stati 
that  the  machine  was  so  weak  and  dangerous  as  to  be 
only  for  the  junk  pile.  The  owner  later  pushed  the  bag  ba 
with  a  screw  jack  while  the  metal  was  cold.  The  fiue  g£ 
wa.v  at  the  edges  of  the  metal  where  the  bag  was  forced  ba 
The  man  who  was  killed  was  blown  180  ft.,  and  his  body  t 
ribly  mangled. 

The    illustrations    show    how    the    machine    was    damaged 


Minnesota  State  N.  A.  S.  E. 
Convention 

The  fourth  annual  convention  of  the  Minnesota  State  4 
sociation  of  the  National  Association  of  Stationary  Engine 
was  held  in  Duluth  on  July  16,  17  and  IS.  Both  the  busin 
sessions  and  the  exhibit  were  held  in  the  Spalding  Hotel. 

Mayor  W.  I.  Prince  welcomed  the  delegates  and  visit 
to  Duluth  at  the  opening  session  on  Wednesday  morning,  g 
T.  W.  Hugo,  Duluth,  responded  in  the  absence  of  Natio 
President  John  F.  McGrath,  who  was  delayed  one  day  in 
riving.  State  President  J.  B.  Crane  then  delivered  his  m 
sage  in  which  he  took  up  the  subject  of  license  laws  for  M 
nesota. 

In  the   afternoon   a   boat   trip   was   taken   on   the   St.   Lo 
River    in    a    l5oat    furnished    by    the    Duluth    Commercial    CI 
At   the   evening   session  various   committee    reports   were   si 
mitted    and     Whitney    Wall,     of     Duluth,    gave     a     lecture 
"Building    Management    and    the    Engineer." 

On  Thursday  morning  National  President  McGrath  ; 
dressed  the  convention,  devoting  his  remarks  principally 
the  ways  and  means  of  securing  desired  license  legislaii 
He  thought  much  could  be  done  by  making  clear  the  obje 
of  license  laws  to  all  affected  or  interested.  Emphasis  "« 
laid  upon  the  need  of  diplomacy.  In  concluding  he  brie 
reviewed  the  progress  made  during  the  last  year  by 
national  bod.v. 

State  President  Crane  offered  a  prize   last  year  of  $25 
the    best    paper    prepared    and    presented    at    this    convent! 
Although    only    two    papers    were   entered,    these   brought  ' 
so    much    interest   and    discussion    that    the    scheme   was   o 
sidered  a   decided   success. 

Association  No.  4,  Winona,  entered  a  paper  on  "Heat: 
and  Ventilating."  This  paper  was  printed  and  copies  w 
Issued  to  all  present.  The  paper  discussed  three  systems 
heating  employed  in  large  buildings,  namely,  direct,  dire 
indirect  and  indirect.  In  addition,  a  method  of  calculat 
the  required  amount  of  radiating  surface  for  a  given  set 
conditions  was  presented  as  well  as  the  commonly  emplo; 
factors   for  various  kinds   of  walls  and   surfaces. 

The  paper  concluded  with  a  brief  review  of  the  requi 
ments  for  proper  ventilation  and  some  data  were  given  as 
fan  capacities. 
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The  other  paper  was  submitted  by  Association  No.  7  of 
3t.  Paul,  and  was  on  the  topic  of  "The  Isolated  Plant  versus 
:;entral  Station."  The  paper  showed  that  where  a  private 
Jlant  is  installed  that  is  capable  of  producing  current  cheaper 
;han  current  can  be  purchased  the  fixed  charges  are  not  such 
I  serious  item  as  sometimes  believed.  To  illustrate  this  point. 
;wo  plants  under  identical  conditions  were  compared.  In  one 
;ase  the  plant  was  designed  to  generate  current  and  heat 
vith  the  exhaust  steam.  In  the  other,  current  was  purchased 
ind   the    heating   was   done    with   live    steam. 

The  cost  of  light,  heat  and  power  in  the  first  case  was 
;4395,  and  in  the  second  $6800  per  year,  showing  a  saving  of 
i2400  per  year  in  favor  of  the  isolated  plant.  Now  if  this 
mnual    saving    were    invested    each    year    for    20    years    at    5 


Grashof  Medal  Award 

The  award  of  the  Grashof  medal  to  George  Westinghouse 
by  the  Verein  Deutscher  Ingenieure  has  aroused  interest  as 
to  this  medal  and  its  significance.  It  can  only  be  awarded 
for  scientific  or  practical  service  in  the  realm  of  engineering. 
Its  award  to  Mr.  Westinghouse  upon  the  occasion  of  the  visit 
of  so  many  American  engineers  is  not,  therefore,  as  was 
forcibly  pointed  out  at  the  time  of. its  bestowal,  to  be  taken 
as  a  compliment  to  the  American  Society  or  to  American  en- 
gineers in  general,  but  as  a  recognition  of  the  work  of  the 
recipient  as  an  engineer  for  the  good  of  humanity. 

The  Grashof  medal   is   5   cm.    (nearly    2   in.)    in  diameter,   of 
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)er  cent,  interest,  at  the  end  of  that  period  there  "would  be 
I.  credit  in  favor  of  the  isolated  plant  of  about  $67,000.  If 
he  original  equipment  cost  $13,900,  the  plant  could  be  entirely 
enewed,  if  necessary,  and  there  still  would  be  a  clear  bal- 
ince  of  $53,100. 

In  view  of  the  practically  equal  merits  of  the  two  papers 
ind  the  large  amount  of  interest  and  discussion  occasioned 
ly  both,  it  was  decided  to  split  the  prize  and  award  half  to 
:ach    association. 

On  Thursday  afternoon  another  boat  trip  was  taken,  dur- 
ng  which  visits  were  paid  to  the  coal  docks  of  the  Northwest- 
rn  Fuel  Co.,  the  plant  of  the  American  Carbolite  Co.  and  the 
ilast  furnace  of  the  Zenith   Furnace   Co. 

In  the  evening  a  smoker  was  given  by  the  Central  States 
Exhibitors'  Association  in  the  exhibit  hall.  Mayor  Prince,  of 
)uluth.  Mayor  Keller,  of  St.  Paul,  and  National  President 
iIcGrath  made  brief  addresses  after  which  a  special  meeting 
if  the  subordinate  association  of  engineers  in  Duluth  was 
leld  for  the  purpose  of  electing  these  distinguished  guests  to 
lonorary  membership.  The  meeting  was  then  immediately 
-djourned,    and    the    lighter   part   of   the    program    taken    up. 

At  the  Friday  morning  session  a  resolution  was  passed 
avoring  biennial  national  conventions  and  the  following  ofB- 
ers  were  elected;  H.  F.  Mueller,  Minneapolis,  president;  F.  H. 
irchner,  Winona,  vice-president;  James  McGeary,  St.  Paul, 
eelected  secretary;  J.  Albert  Johnson,  St.  Paul,  reelected 
reasurer;    E.    F.    Voss,    Duluth,    trustee. 

The  next  annual  convention  will  be   held  in   Minneapolis. 

The  Central  States  Exhibitors'  Association  held  its  annual 
lection  on  Friday  morning  with  the  following  results: 
harles  Cullen,  president;  C.  H.  Fiske,  secretary-treasurer; 
xecutive  committee;  W.  L.  Osborne,  S.  E.  Denney,  Fred 
runner,  H.  R.  Anness,  E.  J.  Kuchenmeister,  A.  J.  Richardson 
nd  A.  J.  Beckerleg;  state  vice-presidents,  Minnesota,  H.  A. 
urdorf;  Wisconsin,  E.  T.  Ward;  Iowa,  J.  H.  Williamson; 
(linois,  A.  J.  Olson;  Indiana,  C.  S.  Kiessling;  Kentucky,  A.  H. 
i;euter;  Missouri,  Joseph  Deady,  and  Ohio,  J.  G.  Boyer. 


gold,  carrying  upon  one  side  the  head  of  Franz  Grashof,  sur- 
rounded by  a  wreath,  and  on  the  other  the  name  of  the 
recipient  and  the  date  of  Its  bestowal  with  the  inscription 
"Grashof-Denkmiinze  des  Vereines  deutscher  Ingeneures."  It 
is  awarded  by  the  governing  bodies  of  the  Verein  with  the 
approval  of  living  former  recipients.  It  has  previously  been 
awarded  to:  C.  von  Bach,  H.  Gruson,  O.  Intze,  F.  Schisau,  Gus- 
tav  Zeuner,  A.  Wohler,  G.  von  Krauss,  Carl  von  Linde.  A. 
Riedler,  Hugo  Luther,  A.  von  Rieppel,  Heinrich  Sulzer-Steiner, 
Justus  Flohr,  A.  Slaby,  Gustaf  de  Laval,  Charles  A.  Parsons, 
Max  von  Eyth,  Herman  Blohm,  E.  Rathenau,  Aurel  Stodola, 
Ferdinand  von  Zeppelin,  Ernst  Korting,  Carl  H.  Ziese,  A. 
Martens,  and  Paul  Mauser. 


Louis  Streng,  formerly  chief  engineer  of  the  Kentucl5.v 
Electric  Co.,  Louisville,  Ky.,  has  been  retained  as  consulting 
engineer   by   the   Louisville   Gas   &   Electric  Co. 

C.  A.  Orr,  formerly  chief  engineer  and  master  mechanic  of 
the  John  Morrell  &  Co.  packing  plant,  Ottumwa.  la.,  has 
accepted  the  position  of  superintendent  of  po'wer  house  and 
shops  of  the  Arkansas  River  Valley  Ry.,  Light  &  Power  Co., 
Pueblo,  Colo. 

George  M.  Brill,  M.  Am.  Soc.  M.  E.,  has  retired  from  the 
firm  of  Brill  &  Gardner,  engineers,  1134  Marquette  Bldg., 
Chicago,  111.,  and  the  partnership  has  been  dissolved.  Mr. 
Brill  is  at  present  in  Germany  with  the  visiting  party  of 
the  American  Society  of  Mechanical  Engineers  and  will  con- 
tinue to  spend  some  time  in  travel  and  study  in  Europe  be- 
fore returning  to  this  country.  The  business  of  the  firm  will 
continue  under  its  present  name. 
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Don't  Give  Your  Gauges 
A  Chance  To  Lie 


The  American 
Dead  Weight  Gauge  Tester 


will  keep  your  gauges  toed  right  up  to  the  "truth  mark." 

Gauges,  if  not  tested  regularly,  fall  into  the  natural  habit  of  being  inaccurate. 
Neglect  in  the  matter  of  testing  means  a  wrong  record— and  consequent  bad 
firing. 

Don't  give  your  gauges  a  chance  to  lie  and  you  will  always  have  accurate, 
dependable  records.  To  keep  your  gauges  up  to  the  "truth  mark,"  it  is  only 
necessary  to  test  them  once  every  so  often  with  the  American  Dead  Weight 
Gauge  Tester;  the  most  trustworthy  device  that  money  can  buy  for  the  pur- 
pose. The  testing  is  done  by  dead  weights;  the  device  possessing  all  the 
advantages  of  a  mercury  column,  but  in  a  smaller  space. 

And  now — write  and  get  the  full  story. 


American  Steam  Gaui 


208  Camden 
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Pertinent  Questions 


Mr.  Owner,  Manager  or  vSuperintendent ! 
Stop  a  moment  and  answer  a  few  questions 
that  are  of  interest  to  a  legion  of  engineers. 

What  kind  of  an  engineer  have  you  in  your 
engine  room;  is  he  the  best  man  for  the  posi- 
tion? It  is  assumed  that  you  are  too  good 
a  business  man  to  entrust  an  installation  cost- 
ing several  thousands  of  dollars,  and  the  lives 
of  perhaps  hundreds  of  people,  to  any  but  a 
good  engineer,   but  are  you? 

Of  course,  you  expect  continuous  and  effi- 
cient operation — do  you  get  it?  You  cannot 
afford  to  have  the  wheels  stop  turning,  for 
that  means  loss  of  production;  and  you  love 
to  make  the  dollars,  don't  you?  But  when 
you  hired  the  engineer,  were  you  looking  for 
just  a  man  to  run  a  job,  or  an  engineer  to  fill 
a   position?     There   is   a   difference. 

Is  the  man  you  hired  making  good;  is  he 
master  of  the  position?  You  are  paying  him 
a  sum  commensurate  with  the  position  and 
treating  him  accordingly,  but  is  he  getting 
enough  money  each  week  and  are  you  treating 
him  right? 

For  instance,  do  you  give  a  requisition  com- 
ing from  him  the  same  consideration  you 
would  give  to  one  coming  from  a  mill  foreman? 
Do  you  ever  consider  that  though  the  en- 
gineer's job  may  be  dirty  and  hot  at  times,  he 
must  be  a  man  of  equal  intelligence  with  other 


heads  of  departments,  and  that  his  requisition 
is  the  result  of  some  thinking  on  his  part? 

His  thinking  is  for  your  interest;  to  make 
your  plant  more  efficient,  safer  and  economical. 
Do  you  ever  consult  him  about  the  coal  you 
purchase,  or  do  you  let  the  dealer  deliver  any- 
thing that  will  burn  and  expect  results? 

Your  engineer  is  always  on  call,  day  and 
night,  Sundays  and  holidays,  all  the  time  and 
at  any  time.  What  does  he  get  for  his  ser- 
vices? Is  he  not  worth  more?  While  you 
take  a  spin  in  your  car,  your  engineer  may  be 
spinning  a  tube  expander  in  the  roasting  back 
end  of  a  boiler  setting,  or  doing  jobs  that, 
would  be  unnecessary  if  means  of  prevention 
were  provided  for  him. 

You  are  a  business  man,  but  don't  let  your 
business  policy  stop  at  the  engine-room  door. 
Go  inside  and  give  your  engineer  an  oppor- 
tunity to  show  results  from  his  department, 
which  he  can  never  do  without  your  coopera- 
tion. Your  engineer  has  a  right  to  feel  be- 
littled and  discouraged  if  he  is  ignored,  and 
then  blamed  if  things  do  not  "pan  out"  as 
they  should. 

It  is  a  matter  of  pride  with  most  tngineers 
to  show  the  best  results  with  their  equipment. 
Don't  hand  him  a  lemon  and  look  for  a  melon 
in  return. 

[Written  by  H.  R.  Low,  Moositp,  Conn.] 
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Meriden  Electric  Co.'s  New  Power  Station 


•SYNOPSIS — O  icing  lo  I  lie  increased  demand  for  elec- 
rical  energy  the  Meriden  power  plant  was  remodeled  and 
'he  mechanical  capa-city  of  the  plant  increased.  Coal  and 
ishes  are  handled  hy  a  monorail  system.  Because  of  a 
'carcity  of  circnlating  water,  at  times,  a  cooling  tower  is 
used. 

The  city  of  MeriiK'n,  with  m  population  of  nearly  30,- 
300,  is  one  of  the  euterpri.sing  nianufacturing  cities  of 
Connecticut.  The  current  for  street  lighting,  private 
lighting  and  most  of  the  power  used  for  manufacturing 
purposes  is  furnished  by  the  Meriden  Electric  Light  Co., 
from  its  new  power  station. 

For  ihe  last  few  years  the  growth  of  industries  in 
Meriden  has  caused  a  pronounced  increase  in  the  power 
autput  of  the  station  and  in  1911  it  was  seen  that  addi- 
tional apparatus  would  have  to  be  installed  to  meet  the 


Fig.  1.    i;nii,i:i;  KuoM 

increasing  demand  for  power,  especially  in  boiler  capac- 
ity. It  was  decided  to  abandon  the  old  boiler  equip- 
ment and  install  an  entirely  new  boiler  house  and  equip- 
ment and  sufficient  new  turbine  units  to  meet  the 
needs  of  the  plant. 

The  existing  engine  room,  with  slight  modifications 
and  the  removal  of  some  compound  engine-driven  imits, 
was  adequate  for  the  new  steam-turbine  equipment.  As 
the  available  property  was  limited  in  width,  the  new 
boiler  house  was  built  at  the  end  of  the  turbine  room. 
The  foundations  for  both  building  and  apparatus  are  of 
concrete,  carried  down  to  rock  or  good  bearing  soil.  The 
super-structure  is  a  steel  frame  and  brick  building  with 
artificiiil  stono  trimmings.     Above  the  boiler-firing  aisle 


is  a  concrete  and  steel  coal  bunker  of  about  250  tons  ca- 
pacity. For  the  entire  length  of  the  i)uilding,  along  the 
side  of  the  bunker,  are  copper  louvres  and  below  the 
louvres  are  inclined  pivoted  sashes  which  give  ventilation 
for  the  boiler  room  and  provide  an  adequate  amount  of 
light  in  the  firing  aisle,  a  feature  that  is  often  neglected 
in  boiler-house  design. 

In  the  new  boiler  hou.se  are  installed  three  625-hp. 
Bigelow-Hornsby  boilers.  Fig.  1.  Two  of  the  boilers  form 
a  battery  and  the  third  forms  half  of  a  future  battery, 
space  being  left  in  the  building  for  this  fourth  boiler. 
Each  boiler  is  equipped  with  a  Foster  superheater,  de- 
signed to  give  125  deg.  of  superheat.  The  boilers  are 
fired  by  three  Roney  mechanical  stokers  driven  by  4i^x4- 
in.  simple  engines.  The  .stoker  engines  are  arranged  so 
that  either  of  two  can  operate  all  stokers. 

The  boilers  as  well  as  the  auxiliary  apparatus  and  pip- 
ing are  designed  to  operate  with  200  lb.  steam  pressure 
and  125  deg.  superheat,  but  owing  to  existing  apparatus 
unsuited  to  high  pre.ssure,  the  safety  valves  on  both 
superheater  and  boilers  are  at  present  set  to  carry  150 
lb.  pressure  and  until  some  of  the  present  apparatus  in 
the  station  is  replaced  this  pressure  will  be  carried. 

Each  boiler  is  connected  to  a  rectangular  steel  smoke 
flue  which  joins  the  stack  base  between  the  batteries  of 
boilers.  Xatural  draft  is  furnished  by  a  brick-lined,  self- 
supporting  steel  stack  9  ft.  in  diameter  and  150  ft.  high 
above  the  boiler-room  floor.  The  stack  is  supported  by 
steel  girders  framed  into  the  steel  structure  of  the  build- 
ing. The  stack  is  also  iised  to  support  two  large  electric 
signs,  one  on  either  side.  These  signs  are  composed  of 
letters  3  ft.  wide  aiul  the  total  length  of  the  signs  is  about 
100  ft.  The  signs  are  used  for  advertising  the  output 
of  the  plant,  one  reading  "Use  Electric  Light"  and  the 
other  "U.se  Electric  Power." 

Boiler-feed  water  is  heated  in  a  National  direct-con- 
tact or  open-type,  feed-water  heater.  Two  boiler-feed 
pumps  were  installed,  one  being  a  horizontal  duplex 
pump ;  the  other  a  turbine-driven  centrifugal  pump.  Each 
of  these  pumps  is  large  enough  to  feed  the  boilers.  A 
venturi  meter  tube  is  placed  in  the  feed  lines  between 
the  feed  pumps  and  the  boilers.  The  flow  is  recorded  on 
a  registering  and  indicating  device,  calibrated  in  pounds 
of  water  per  hour.  This  gives  a  very  close  record  of  the 
anuiunt  of  water  evaporated. 

The  high-pressure  steam  piping  is  of  welded,  flanged 
steel  pipe,  cast-iron  fittings  and  steel  gate  valves  with 
monel  metal  trimmings.  All  small  glolie  valves  2  in.  in 
size  and  under  have  bronze  body  with  nickel  seats  and 
di.sks.  The  condensation  from  the  high-pressure  steam 
lines  is  returned  to  the  boilers  by  a  Holly  gravity-return 
system.  All  steam-  and  hot-water  piping  is  covered  with 
85  per  cent,  magnesia  sectional  covering.  Removable- 
flange  and  valve  covers  are  provided  on  the  high-pressure 
steam  piping  so  that  any  Joint  or  valve  may  be  inspected 
or  repaired  without  injury  to  the  covering.  All  pipe 
lines  are  painted  with  a  distinctive  color  for  each  system 
so  that  they  may  be  readily  identified. 

As  coal  is  .supplied  by  railroad,  a  reserve  supply  is 
needed  and  this  is  taken  care  of  by  outside  storage.  The 
N.  Y.,  N.  IT.  &  H.  R.R.  tracks  are  adjacent  to  the  power- 
)ilant  property  and  a  siding  is  provided   for  the  power 
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plant.  Coal  i.s  received  in  hopper-bottimi  cars  and  dumped 
into  a  hopper  under  the  siding.  From  this  hopper  it  is 
crushed  and  elevated  to  a  pile  on  the  ground,  from  which 
it  is  picked  up  by  a  gral)  bucket  worked  from  an  over- 
head monorail  hoist  and  distributed  either  to  the  storage 
area  or  to  the  coal  bunkers.  The  monorail  structure,  Fig. 
2.  consists  of  three  sections  of  30-in.  I-beams  supported 
by  a  steel  structure  so  arranged  that  all  available  prop- 
erty may  be  used  for  coal  storage.  The  sections  of  the 
monorail  are  joined  to  a  monorail  over  the  bunker  by  a 
three-wiiy  switch  so  that  coal  may  be  taken  from  any 
part  of  the  storage  directly  to  the  bunker.    The  monorail 


Fig.  2.   Moxorail  8'i'ia'CTriiE  axd  Power  Plant 

hoist  has  two  5-hp.  trolley  motors  and  two  37-hp.  hoist 
motors.  The  grab  bucket  used  is  a  1%-yd.  clam-shell 
type,  digging  bucket.  The  monorail  beams  are  50  ft.  above 
the  ground  level.  The  hoist  has  a  travel  speed  of 
300  ft.  per  miu.  and  a  hoisting  speed  of  100  ft.  per  miu. 
Between  2.5  and  30  tons  of  coal  can  be  taken  from  the 
storage  to  the  bunker  per  hour.  From  the  bunker  the 
coal  is  fed  to  the  stokers  through  spouts. 

Ashes  from  the  stokers  are  discharged  into  concrete 
ash  hoppers  and  then  into  cradle  dump  cars.  The  cars 
are  manually  wheeled  to  the  end  of  the  plant  and  dumped 
into  a  pit  underneath  the  monorail.  The  same  monorail 
grab-bucket  hoist  that  handles  coal  takes  the  ashes  from 
this  pit  to  a  concrete  a.sh-storage  bin  in  the  yard  under 
cue  of  the  monorails  and  from  this  bin  ashes  are  loaded 
into  trucks  by  gravity  and  carted  away. 

The  generating  equipment  of  this  station  consists  of 
350  kw.  direct  current  in  engine-driven  units  and  3000 
i  kw.  alternating  current  in  turbine-driven  units.    The  re- 
cently  in.stalled   generating  unit   is   a    1500-kw.   bleeder 
Westinghouse  turbine-driven  set.    The  bleeder  connection 
,  of  this  turbine  was  left  out  and  a  connection  from  the 
I  auxiliarv  exhaust-steam  lines  i.s  installed  so  that  any  ex- 
I  cess  exhaust  steam  not  used  for  heating  feed  water,  may 
j  be  used  in  the  low-pressure  stage  of  the  turbine. 


Directly  under  tlie  turbine  is  placed  a  LcBlanc  jet  con- 
denser. The  only  available  condensing  water  in  Meriden 
is  a  small  brook  which  at  times  runs  very  low  and  hence 
supplies  enough  condensing  water  for  only  about  half  of 
the  time.  To  take  care  of  the  cooling  water  at  times  of 
low  water  in  the  brook,  a  Wheeler-Barnard  forced-draft 
cooling  tower  is  installed.  The  power  for  the  fans  of 
cooling  tower  is  furnished  by  a  30-hp.  motor  belted  to 
the  fan  shaft.  The  piping  from  the  condenser  is  arranged 
so  that  water  may  be  used  either  from  the  brook  or  from 
the  cooling  tower.  The  cooling  tower  is  designed  to  cool 
.■sufficient  condensing  water  to  give  a  37-in.  vacuum  ai 
the  least  favorable  atmospheric  conditions  likely  to  occur. 

The  switching  equipment  for  this  station  is  of  remote- 
control,  mechanically  operated  oil-switch  type  with  non- 
automatic  oil  circuit-breakers  on  the  generators  and  au- 
tomatic circuit-breaker  on  the  feeders.  The  current  is 
generated  at  2200  volts,  60  cycles,  two-phase,  and  ex- 
citation is  furnished  by  either  a  2.j-kw.,  turliinc-driven 
or  by  a  25-kw.,  motor-driven  exciter  set. 

The  lighting  and  power  for  station  use  is  taken  from 
se|)arate  transformers  connected  to  the  main  bus  by  a 
((Mumon  oil  switch.  The  lighting  is  a  320-no-volt 
tungsten  system. 

Provision  has  been  made  in  both  building  and  equip- 
ment to  permit  of  future  extension  as  the  load  increases, 
and  on  available  property  there  is  sufficient  space  to  take 
care  of  the  load  for  many  years  with  the  present  rate 
of  increase. 

The  extension  of  this  plant  was  carried  on  while  the 


Fig.  3.   One  of  the  Turbine  Units 

]>lant  was  in  regular  service.  Westinghouse,  Church. 
Kerr  &  Co.  were  engineers  for  the  entire  work  and  in- 
stalled the  a])paratuR. 


Earnings  from  water  power  generated  by  tlie  tiydro- 
electric  station  forming  part  of  the  Wachusett  dam  of  the 
Metropolitan  Water  Board  of  Massachusetts  amounted  to  .a 
net  sum  of  $21,470  for  the  year  1912.  according  to  Chief  Engi- 
neer Dexter  Brackett's  annual  report.  The  total  quantity  of 
energy  generated  was  5,741,588  l<w. -hours  and  26,393,100,000 
gal.  of  water  under  an  average  effective  head  of  90.8  ft.  were 
used.  The  gross  receipts  from  the  sale  of  power  were  $30,- 
465.66.  and  the  cost  of  operating  the  station  was  $8,995.66.  in- 
cluding an  item  of  $2675  for  taxes.  The  net  earnings  per  1000 
kw. -hours  generated  were  $3.74  Nearly  all  of  the  current  was 
delivered  to  the  Connecticut  River  Transmission  Co.  under  a 
five-year  contract  which  went  into  effect  on  Oct.  2,  1911. 
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Low-Pressure  Steam   Turbines' 


By  jKiiOiMK  Sthaiss 


SYNOPSIS — The  economic  advantages  of  low-pressure 
?team  turhines  and  their  applications  are  described  with 
lahulations  of  costs  of  power  in  existing  plants  before  and 
iftcr  being  equipped  with  low-pressure  steam  turbines, 
%nd  costs  of  different  types  of  plants  are  compared. 

When  first  put  into  .service,  the  purpose  of  the  low- 
pressure  steam  turhine  was  merely  to  recover  to  some  ex- 
tent the  large  amount  of  energy  discarded  when  piston 
engines  exhaust  into  the  atmosphere,  particularly  for  in- 
termittently operated  units  where  the  use  of  condensing 
apparatus  would  be  unwarranted.  But  its  field  of  use- 
fulness has  been  broadened. 

( ) I' ;: I,' A  TIN'  1-;  Anv.WTAUKs 

The  ability  of  the  lo\v-i)ressure  turbine  to  utilize  energy 
of  exhaust  steam  more  efficiently  than  a  reciprocating  en- 
gine, or  the  latter's  equivalent  in  the  form  of  an  addi- 
tional cylinder  to  the  original  engine,  is  readily  compre- 
hended. In  the  piston  engine,  the  condensation  and  re- 
evaporation  on  the  cylinder  walls  due  to  temperature 
changes  during  the  cycle  is  very  large;  this  is  so  much 
wasted  energy.  In  the  turbine  there  are  no  cyclic  changes ; 
in  each  part  of  the  unit  the  physical  condition  of  the 
steam   remains   reasonablv   steady,   thus  yielding  a   cou- 


(b)  Continuous  exhaust-steam  su])ply  which  may  or 
may  not  be  uniform;  in  this  class  are  included  central 
power  stations  for  lightirig,  traction  or  factory  drive. 

In  rolling  mills  and  in  mines  it  is  unquestionably 
preferable  to  retain  the  old  piston  engines  and  use  their 
exhaust  for  the  production  of  electricity  rather  than  pur- 
chase entirely  new  installations  consisting  of  high-pres- 
sure turbines  generating  electric  current  for  use  in  re- 
versible motors  to  replace  the  engines,  as  has  been  sug- 
gested. With  the  latter  arrangement  to  obtain  one  horse- 
power at  the  motors  would  require  from  27  to  30  lb.  of 
steam  per  hr.,  whereas,  by  combining  the  reversing  re- 
ciprocating engines  as  they  stand  with  low-pressure  tur- 
bines, the  same  results  may  be  had  for  an  expenditure  of 
17  to  18  lb.  Besides,  the  great  difference  in  initial  co.^t 
should  be  sufficient  to  bar  the  use  of  the  high-pressure 
turbine  and  reversible-motor  system,  for  the  economy  of 
the  engine-turbine  combination  arises  not  solely  from  the 
saving  iii  coal  but  also  from  the  low  cost  of  installation  ; 
the  only  expense  is  the  price  of  the  tittbo-generator  set. 
its  accumulator  and  condenser,  and  the  space  required 
is  so  small  as  usually  to  permit  setting  the  new  unit  in 
the  existing  engine  room.  In  fact,  in  a  mine  working  in 
hr.  a  day.  the  economy  is  usually  sufficient  to  pay  for  tln' 
initial  expenditure  in  two  or  three  years,  while  in  steel 


TABLE   1 

.     COLLIERY 

ECONOMIES 

Oriainal 

.Steam 

Final  Output 

Additional 

.\dditional  Steam 

Steam  Consul 

nption  per  '. 

[.hp. 

Output 

Consumption 

Eng. 

Turbine 

Total 

Output 

Lb. 

Turbine 

Overall 

% 

I.hp. 

Lb.  per  hr. 

I.hp. 

Equiv.  I.hp. 

I.hp. 

C7 

per  hr. 

% 

Original          Only 

(Final) 

Reducti 

IIOH 

14.500 

700 

400 

1100 

None 

—2800 

—19.3 

13  2             29.3 

10  6 

19  3 

1100 

14.500 

1000 

750 

1750 

60 

3000 

20.7 

13  2              23  4 

10  0 

24  5 

1000 

15,000 

SOO 

,    000      .- 

1400 

40 

None 

13  0              25  0 

11  0 

27,0 

1600 

25,600 

1400 

1100 

2500 

.36 

2400 

9A 

16.0              25  4 

112 

30  0 

S70 

12,300 

MO 

.TOO 

1140 

32 

None 

14  4              23  0 

11  0 

24.0 

870 

12,500 

870 

lioS 

1525 

73 

4000 

32^0 

14   4              25  2 

10. S 

23  0 

1.550 

20.000 

1125 

873 

ISOO 

16 

—smo 

—17  5 

13.0              34   5 

9  2 

29  0 

slant  tenii)erature  and  avoiding  the  above  losses.  Again, 
due  to  the  high  velocities  employed  in  turbine  form  of 
construction,  the  large  volumes  of  steam  encountered 
when  working  in  the  lower  pressure  ranges  present  no 
difficulties,  for  only  small  areas  are  then  necessary.  But 
in  the  engine  the  mechanical  friction  and  also  high  cost 
of  the  enormous  cylinders  required  to  accommodate  these 
volumes  are  prohibitive.  For  this  reason  the  condensing 
engine  must  use  a  relatively  small  cylinder,  release  the 
steam  when  it  has  given  up  only  a  portion  of  its  avail- 
able energy  and  discharge  the  rest  into  the  condenser. 
Thus,  since  the  piston  engine  utilizes  the  higher  pressure 
ranges  with  greatest  efficiency  and  the  turbine  acts  sim- 
ilarly with  low-pressure  steam,  evidently  from  the  water- 
rate  viewpoint,  the  best  arrangement  for  the  complete 
range  is  a  combination  of  tlie  two. 

General  .Xi-plkation 

Coming  to  a  consideration  of  improvements  in  existing 
steam  plants,  there  are  two  general  classes  of  service  to 
which  the  low-pressure  turbine  may  be  applied. 

(a)  Intermittent  and  widely  varying  exhaust-steam 
supply ;  these  conditions  obtain  in  rolling-mill  engines, 
steam  hi'.mmers,  mine-hoisting  machinery,  etc. 


•Absti-act  of  paper  entitled  "Advantages  and  Applications 
of  the  Low-Pressure  Steam  Turbine,"  for  which  the  author 
was  awarded  the  "Stillman  Prize  in  Applied  Technologry,"  open 
to  competition  by  members  of  the  class  of  1913,  Stevens  In- 
stitute  of   Technology. 


mills  operating  day  and  night,  this  time  reduces  to  one 
and  one-half  years  or  less. 

The  .series  of  results  given  in  Table  1  were  presented 
by  J.  Bnrnes  in  a  paper  before  the  Institute  of  Mining 
Engineers  at  Xottingham,  England,  in  September,  1910. 
The  savings  shown,  being  on  the  average  2.5.5  per  cent., 
are  remarkable,  representing,  as  they  do,  betterments  ni 
the  engine-turbine  combination  over  colliery  engines  op- 
erating originally  condensing. 

When  the  supply  of  exhaust  steam  from  the  existing 
plant  is  uniform  the  turbine  problem  simplifies.  The  rr- 
generator  or  accumulator  is  no  longer  necessary ;  thus 
one  expense  item  is  eliminated.  Then  there  are  several 
different  ways  in  which  engine  and  turbine  can  operate 
together,  enabling  a  variety  of  conditions  to  be  satisfied. 

Systems  of  Operation 
In  any  constantly  operated   unit  consisting  of  piston 
engine  and  low-pressure  turbine,  two  general  systems  of 
linking  the  component  parts  are  recognized  : 

(a)  Operation  with  variable  intermediate  pressure. 

(b)  Operation  with  constant  intermediate  pressure. 

The  low-pressure  turbine  can  advantageously  be  ap- 
plied in  any  case  where  piston  engines  are  now  in  use. 
Their  installation  will  always  yield  a  marked  improve- 
ment in  operating  economy  without  additions  to  the 
boiler  plant,  this  economy  being  greatest  when  the  back 
pressure  on  the  engine  is  permitted  to  vary.     Where  ap- 
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plk-able  the  variable  iiitemiediate  pressure  system 
recommends  itself  not  only  because  it  permits  adjustment 
of  the  engine  back  pressure  to  maintain  the  greatest  over- 
all economy  but  also  as  in  all  but  one  case  no  intermediate 
governor  is  necessary.  All  regulation  is  taken  care  of  by 
the  piston-engine  governor ;  an  overspeed  stop  is  placed 
on  the  turbine,  but  this  is  necessary  in  all  turbine  prac- 
tice. 

This  no-governor  system  is  advantageous  for  all  cases 
in  which  the  loads  on  the  engine  and  turbine  vary  to- 
gether, both  units  supplying  the  same  immediate  system. 
The  tie  may  be  electrical  as  in  lighting  or  traction  sta- 
tions, or  mechanical  as  in  the  textile  mills  of  New  Eng- 
land. In  the  former  case  the  two  generators,  one  direct 
connected  to  each  unit,  send  their  power  to  the  same  bus- 
bars and  operate  in  parallel.  It  may  thus  be  said  that 
the  turbine  merely  '"floats"  on  the  system,  its  speed  be- 
ing under  definite  control  due  to  the  fact  that  the  voltage 
of  the  two  generators  must  be  equal.  If  the  turbine  speed 
increases  slightly  it  will  take  more  load,  thus  causing  the 
engine  load  to  decrease,  resulting  in  earlier  cutoff.  The 
engine  then  supplies  less  steam  to  the  turbine,  the  latter 
slows  down  and  the  load  relations  return  to  their  original 
■  condition.  In  practice  these  surgiugs  of  the  load  are  so 
small  as  to  be  scarcely  noticeable.  These  are  the  circum- 
stances in  direct-current  stations.  For  alternating-cur- 
rent operation,  the  synchronizing  force  of  the  alternators 
is  sufficient  to  maintain  crum!  sjiccd  and  hence  the  proper 
load  proportions. 

In  mills  it  is  usual  to  find  a  large  proportion  of  the 
engine  exhaust  utilized  for  heating  and  manufacturing 
purposes.  Here  it  is  customary  to  install  turbines  large 
enough  to  consume  the  maximum  available  steam  supply, 
so  as  to  prevent  any  possible  waste  of  steam.  The  ab- 
sence of  the  above  type  of  electrical  control  was  puzzling 
for  a  time,  but  the  difficulty  was  readily  overcome.  The 
scheme  employed  is  to  have  the  turbine  drive  a  synchron- 
ous generator  which  operates  in  parallel  with  a  synchron- 
ous motor  belted  to  the  main  shaft.  If  the  engine  be- 
comes overloaded  and  the  turbine  draws  more  than  the 
normal  amount  of  steam  the  increased  energy  that  the 
turbo-unit  generates  would  be  transmitted  to  the  main 
shaft  by  the  motor.  Thus  the  luad  on  the  engine  and  the 
quantity  of  steam  necessary  fur  opcialion  would  decrease 
and  normal  conditions  would  reappear.  This  system  ap- 
plies equally  as  well  whether  the  turbine  load  is  all  me- 
chanical or  both  mechanical  and  electrical. 

When  constant  load  on  the  piston  engine  is  required, 
coincident  with  the  maximum  economy  (which,  as  seen, 
is  due  to  operation  with  variable  intermediate  pressure) 
a  slightly  more  complicated  system  is  used.  Tliese  con- 
ditions obtain  usually  in  central  stations  supplying  sub- 
stations in  both  business  centers  and  in  suburban  dis- 
tricts. Here  the  main  engine  is  constantly  loaded,  the 
turbines  carrying  a  varying  load :  at  the  same  time  very 
economical  operation  is  essential.  In  this  system  a  gov- 
ernor is  placed  immediately  before  the  turbine,  and  is 
arranged  to  bypass  part  of  the  steam  to  the  condenser 
when  the  turbine  load  is  light.  When  the  turbine  does 
not  need  all  the  engine  exhaust  to  supply  its  demands, 
the  main  engine  is  allowed  to  operate  on  a  decreased  back 
pressure.  As  the  engine  takes  a  constant  load,  this  action 
will  cause  a  reduction  of  overall  total  steam  consumption, 
thus  maintnining  maximum  economv. 


When  the  load  on  the  main  engine  is  approximately 
constant  a  system  employing  constant  intermediate  pres- 
sure may  be  used.  Here  a  simple  constant-pressure  valve 
forms  the  governor.  Of  course,  in  this  ease  the  economic 
results  are  slightly  pooi'ei'  than  without  the  governor,  ap- 
proximating 2  to  5  per  cent,  increase  in  water  rate.  But 
where  constant  engine  load  is  a  necessity,  this  does  not 
constitute  an  objection,  as  it  is  counterbalanced  by  the 
extra  cost  and  complexity  of  the  bypass  system.  With 
this  method  of  combination,  a  live-steam  admission  valve, 
should  be  provided  for  use  in  emergencies.  Plants  re- 
quiring such  installations  as  the  one  here  described  usual- 
ly carry  a  rather  high  load  factor.  It  is  advantageous 
to  have  the  turbine  take  care  of  the  peaks  and  in  general 
all  of  the  more  unfavorable  load  conditions.  This  latter 
it  is  well  capable  of  doing;  in  fact,  the  casting  of  these 
unfavorable  conditions  on  the  turbine  usually  gives 
greater  overall  efficiency  than  that  found  with  unfaxcn-- 
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Fig.  1 .    RuLATivE  Economies 

able  piston-engine  conditions  as  the  turbine  is  less  sen- 
sitive. 

Api'lic.vtion  ro  Kxistixg  I'L.ixxs 

The  special  apiilications  of  the  exhaust  turbine  to  ex- 
isting plants  yielding  uniform  exhaust-steam  sujiply  for 
use  in  the  turbine  are  three  in  number : 

(1).  Good  engine  design;  fair  operating  eflirirncv  :  in- 
crease in  capacity  necessary. 

(2)  Inefficient  or  costly  plant  ojx'ration  ;  coiulensing 
or  noneondensing  engines;  increase  in  economy  desired; 
capacity  a  secondary  consideration. 

(3)  Plant  location  poor;  water-supply  troubles;  en- 
forced noneondensing  operation  since  gain  with  the  same 
engine  condensing  would  not  pay. 

The  first  case  is  the  one  most  frequently  encountered 
and  deserves  careful  investigation.  In  any  fairly  efficient 
reciprocating-engine  plant  where  a  capacity  increase  is 
desired,  three  possible  solutions  present  themselves: 

(a)  Installing  additional  recipr<x;ating  engines  of  the 
same  type,  operating  under  the  same  conditions. 

(b)  Applying  the  more  efficient  complete-expaiisicm 
turbines. 

(c)  Adding  a  low-pressure  turbine  which  will  in- 
crease the  efficiency  as  well  as  the  economy. 

The  result  of  these  methods  on  the  steam  consumjUion 
and  hence  fuel  economy  are  illustrated  in  Fig.  1.  Here 
the  steam  pressure  on  all  units  is  150  lb.  gage.  The 
curves  shown  have  been  prepared  to  represent  average 
operating  conditions  and  not  the  fanciful  results  of  tests. 


222 


1'  O  W  E  R 


Vol.  38,  No.  1 


riie  truth  ol'  this  statement  will  uiuloubtcdly  he  clear 
[rom  the  fact  that  tests  have  given  a  steam  consumption 
for  the  ongiue-turbine  combiuation  of  from  13  to  13.o 
lb.  per  k\v.-hr.,  whereas  in  the  chart  shown  it  is  cou- 
i\dcTc(l  that  in  the  average  plant  under  actual  operating 
conditions,  good  results  at  full  load  will  show  15.6  lb.  per 
kff.-hr.  Also  in  the  case  of  the  turbines  a  vacuum  of  'v'S 
in.,  on  a  basis  of  30  in.  as  absolute  zero  pressure,  lias 
been  taken;  with  the  engine,  however,  26  in.  has  been 
used  for  the  comparison  because,  in  the  everyday  working 
3f  a  piston  engine,  the  opportunities  for  air  Icakiige  are 
^0  great  and  condensation  losses  so  much  increased  by 
higlier  vacua  that  it  seldom  is  worth  the  extra  expense 
to  reduce  the  back  pressure  below  2  lb.  absolute.  In  ex- 
amining the  curves  of  Fig.  1  it  must  be  remembered  that 
Lhe  addition  of  the  low-pressure  turbine  is  the  only  meth- 
od that  would  increase  the  power  generated  without  in- 
crease in  the  original  total  quantity  of  steam,  all  others 
necessitating    additional    boiler   capacity.      With   this    in 
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COST  OF  POWER  PER  KW.       PLANT  RATING— 2000  TO 
"jOOO  KW. 

ReciprocatiiiK    High-Pressure     Reciprocating       Gas  Engine 
Engine  Steam  Turbine      Engine  and       Producer  Cias 

Condensing  Low-Pres  Turbine 

Initial  Yearly    Initial  Yearly    Initial  Yearly    Initial  pearly 
Authority         Cost    Expense    Cost    Expense   Cost    Expense    Cost    Expense 

Fownley 100.00    30. 10     

Webber 77.20    213.10     ^^  

Phila.  .St.  Rv.     .100.00      »2fiO  ,,,>„„   

Moses 95,00    90.00 10.00    . 

ar„„.^„  Q4    '>0    XO  45  132. 0()    J7,ou 

Kc'vs.- : . .  . :  87.m  ,'      ::  ::  ::::..  75.8,1 26.80  118.20  30.50 
Sis '°' '°  ::::;  bLso  22.«()  59:20  2V.75 

Frye  (Dixon)...  87.40  78.75 


108.30 


28.45 


113.40  32.40 


95.00  31.65   78.50  28.90 


117.00 


73.90    20  55    114.85    29.40 
'.'.'.'.     28V8'0 


Knowlton 29.80 

MistcK- 91.00    33.20 

Clegh.iru 

Kapp 
Wilso; 

Streeter ■ 

Moore 104.00    32.70     

Moore 94.30    30.60     •  „■_■ 

Gebhardt 33.75 27. Oo 

Eng.  Uec 97.00    30.20     ._ 

Burns 

Dunham 79.50    29.70     

Kershow 32 .  45     ...  ... 

Porter SS-30   27.50  

Snow  .    70.90    25.00     

NE.L..\.'... 126.00 

Beardsley 75 .  40 

Fox  36 . 20  

C^^nVe S3.H0    26.00  110. SO  28.70 

Hutton!!::!!:.  .    7.">  35      .  72.90 

Newington  67.60    23. 15     

Average..::..    90.60    30. Oj       80.35    27  30       75.70    25.70    116.70    29.60 

mind,  it  is  evident  that  none  of  the  combinations  shown 
could  possibly  yield  a  water  rate  below  that  of  the  engine- 
turbine  combination.  A  new  installation  of  turbines  with 
reasonable  superheat  will  not  obtain  as  good  an  economy. 
A  turbine  with  high  superheat  and  a  very  high  vacuum 
(2914  in.)  or  a  reciprocating  engine,  such  as  the  Sulzer, 
using  a  superheat  of  300  to  300  deg.  F.,  and  a  high  vac- 
uum will  no  doubt  have  a  steam  consumption  equal  to 
that  of  the  engine-turbine  unit,  but  a  comparison  of  the 
initial  cost  of  such  machinery  with  that  of  the  exhaust 
turbine,  and  the  additional  careful  attendance  necessary 
for  these  economical  single  units  explains  the  reason  fur 
not  adopting  them  here. 

ir  superheaters  are  added  to  the  boilers,  the  water 
rale  of  the  engine-turbine  unit  will  also  show  a  marked 
decrease. 

There  remains  one  more  valuable  fact  which  is  evident 
from  an  examination  of  these  curves:  the  engine-turbine 
combination  is  efficient  over  a  wide  range  of  load,  its 
water  rate  curve  very  closely  approaching  a  straight  line 
within  the  usual  operating  limits.  Indeed,  at  half  load, 
when  the  condens-ing  engine  or  high-pressure  turbine  has 
increased  its  steam  consumption  to  almost  30  ]ier  rent. 


more  than  the  consumption  at  full  load,  the  correspond- 
ing change  for  the  engine-turbine  unit  is  only  13  per 
cent.  On  overload  the  higii-ju'essure  turbine  shows  an 
increase  only  slightly  greater  than  that  of  the  combined 
unit,  but  the  condeiising-engine  water  rate  ri.ses  with  ex- 
treme rapidity. 

COMl'AiaSON    MITII    IIlGH-riiES.Sl'KE    TUUCINICS 

It  is  generally  conceded  that  the  engine-turbine  in- 
stallation, without  buildings,  requires  an  expenditure 
slightly  less  or  at  the  maximum,  equal  to  that  for  the 
high-pressure  turbine  plant.  But  it  has  been  erroneously 
maintained  that  the  building  for  the  turbine  would  be 
smaller  than  that  necessary  for  the  combination.  It  is 
quite  true  that  the  turbine  alone  requires  less  engine- 
room  floor  space.  However,  the  larger  water  rate  of  the 
turbine  means  additional  boiler  and  condenser  capacity, 
and  this  increase  is  sufficient  to  cause  the  buildings  for 
the  high-pressure  turbine  and  for  the  engine-turbine  unit 
to  be  of  equal  size.  The  installation  cost  will,  therefore, 
be  slightly  in  favor  of  the  low-pressure  turbine.  Fixed 
charges  at  the  same  rate  on  a  smaller  investment  and  a 
considerable  decrease  in  fuel  consum]ytion,  due  to  a 
smaller  water  rate,  will  more  than  counterbalance  the 
small  increase  in  the  cost  of  oil,  waste  and  a  possible 
slightly  larger  cost  of  attendance ;  hence  the  total  yearly 
cast  also  will  recommend  the  exhaust  sleam-turbine  in- 
stallation. 

CoJirARisoN  WITH  Internal-Combustiox  Engikes 

The  low-pressure  turbine  can  compete  advantageously 
with  the  internal-combustion  engine.  The  former  is  more 
simple,  responsive  and  dependable;  in  addition  it  costs 
less.  Eoughly,  the  initial  cost  of  the  engine-turbine  plant 
is  60  to  70  per  cent,  of  that  of  the  gas-engine  station.  By 
using  the  maximum  available  amount  of  energy  in  the 
steam  the  fuel  consumption  is  only  a  little  greater  than 
that  necessary  in  the  gas  engine.  In  the  latter  type  of  in- 
stallation, the  rate  of  fixed  charges  is  greater,  due  to  the 
larger  percentage  reserve  necessary  to  cover  depreciation, 
and  also  the  increased  outlay  for  repairs.  Hence  a  larger 
percentage  of  fixed  charges  on  a  much  larger  initial  cost 
will  cause  the  yearly  expenses  of  the  gas-engine  plant 
to  exceed  those  of  the  engine-turbine  steam  plant.  Also 
the  spares  in  a  producer-gas  installation  are  never  neces- 
sary in  the  steam  plant.  It  is  understood,  however,  that 
these  are  economic  considerations  for  the  general  case 
only.  In  special  instances,  as  when  it  is  desired  to 
eliminate  smoke,  or  where  fuel  of  a  poor  quality  only  is 
available,  as  in  peat  districts,  the  gas  engine  will  strongly 
recommend  itself.  But  with  anthracite  of  reasonably 
good  quality,  and  the  ordinary  plant  location,  the  above 
considerations  do  not  favor  the  gas  engine. 

Costs  by  Various  Systems  Compared 

Contrary  to  the  preceding  deductions  many  men  ol 
recognized  authority  in  the  engineering  profession  havi' 
maintained  that  the  engine-turbine  combination,  new,  i> 
not  as  advantageous  as  certain  other  systems  (high-pres- 
sure turbine  in  particular),  owing  to  the  great  investment 
cost  and  likewise  expen.se  of  operating  attendance  and 
supplies.  They  have  declared  that  all  new  installations 
will  be  straight  steam-turbine  plants.  To  determine  the 
validity  of  these  arguments,  the  accomnanving  Table  2 
was  ))re>)ared 
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It  contains  the  initial  cost  (exclusive  of  land)  and  the 
yearly  cost  in  dollars  per  kilowatt  of  rating  for  various 
kinds  of  plants,  having  a  rated  output  of  2000  to  5000 
k\v.  The  hydraulic  power  station  has  heen  omitted  as 
such  modes  of  generation  are  feasible  only  in  a  certain 
few  localities.  Plants  in  whicli  the  prime  movers  are  oil 
engines  and  those  employing  a  combination  of  gas  en- 
gines with  liigh-pressure  turbines  have  not  been  tal)ulated 
because  a  sufficient  quantity  of  representative,  reliable 
data  were  not  obtainable.  Those  types  of  installations 
shown  are  the  most  common  and  most  important  ones  and 
are  all  that  are  necessary  for  the  present  investigation. 

As  the  data  taken  from  different  sources  were  ob- 
tained under  various  conditions,  in  compiling  the  table, 
it  was  necessary  to  assume  a  set  of  conditions  as  near 
as  possible  to  those  under  whicli  the  major  portion  of  the 
available  data  was  taken,  and  to  provide  means  for  re- 
ducing other  data  to  the  assumed  basis.  Where  there 
was  too  much  variation  from  assumed  conditions  the  data 
were  discarded. 

The  assumption  of  conditions  and  also  means  of  reduc- 
tion are  best  shown  tabubited  : 

(a)  Plant  operating  3000  hr.  per  year. 

(b)  Curve-load  factor  60  per  cent. 

(c)  Coal  at  $3  per  ton  delivered. 

(d)  Where  cast  of  building  was  not  included,  value 
was  taken  as  the  average  of  those  values  contained  in 
lists  of  costs  of  the  other  plants  of  the  same  type. 

(e)  When  only  operating  costs  were  given,  fixed 
charges  were  obtained  from  average  price  of  plant  as 
given  by  the  other  figures. 

(f )  Fixed  charges,  such  as  above  computed,  with  these 
values:  Steam  plant,  13  per  cent.,  gas  plant,  15  per  cent. 
This  includes  interest,  depreciation,  insurance  and  taxes, 
also  2  per  cent,  repairs  on  steam  phmt  and  2.5  per  cent, 
on  gas  jdant. 

(g)  Engine  efficiency  (mechanical),  93  per  cent. 
(h)      Generator  efficiency,  d7  per  cent. 

It  is  difficult  to  make  any  decision  as  to  the  type  of 
installation  to  be  employed  without  a  knowledge  of  the 
controlling  features  for  the  particular  problem.  For  pres- 
ent purposes,  peculiarities  of  real  estate  and  location  can- 
not be  considered.  But  for  the  general  case  of  a  plant 
of  the  size  taken  for  this  table,  the  combined  opinion  of 
those  quoted  indicates  that  the  engine-turbine  combina- 
tion has  both  initial  cost  and  yearly  expense  in  its  favor. 
The  values  given  have  not  been  largely  matters  of  coni- 
piatation  for  the  results  from  actual  installations  appear 
far  more  frequently  than  engineers'  estimates. 

The  production  of  results  that  often  exceeded  the 
guarantees  (striking  in  themselves)  of  the  manufacturers 
and  the  expectations  of  the  purchasers  has  contributed 
greatly  to  the  success  of  the  exhaust-steam  turbine.  The 
rapid  growth  of  its  adoption  in  general,  has  been  remark- 
able. The  first  installation  on  a  commercial  basis  was 
begun  in  the  Mines  de  la  Bruay,  in  France,  by  Professor 
Eateau  in  1901  and  completed  in  1902.  In  1907  the 
Eateau  turbine  and  regenerator  were  introduced  in 
America,  the  fir.st  installation  being  at  the  Irondale  steel 
works  of  the  International  Harvester  Co.  Its  success  was 
immediate  and  conclusive,  and  within  a  brief  period  steel 
mills  in  various  parts  of  the  country  had  adopted  it.  Then 
came  the  application  to  central  stations  and  industrial  es- 
tablishments at  such  a  rate  that  in  seven  years,  hundreds 
of  plants  have  been  equipped  with  the.se  prime  movers. 


Badger  Self-Equalizing   Expansion 
Joint 

Probably  cveiy  engineer  has  had  experience  with  the 
strains  in  pipe  lines  caused  by  expansion  and  contraction. 
Loose,  leaky  fittings  and  perhaps  here  and  there  a  frac- 
tured joint  point  conclusively  to  the  necessity  for  some 
device  having  sufficient  flexibility  to  absorb  these  changes 
in  length.  The  engineer  also  knows  that  the  amount  of 
change  in  pipe  length  depends  upon  two  factors,  the 
length  of  the  pipe  and  the  dilferenee  in  temperature. 

The  Badger  self-equalizing  expansion  joint,  illustrated 
herewith,  is  a  corrugated  copper  joint  having  external 
rings.  It  is  designed  to  take  up  changes  in  length  in  pipe 
lines,  whether  these  pipe  lines  convey  steam,  water  or  air. 

The  joint  combines  the  elasticity  to  stand  repeated 
changes  of  shape  with  strength  to  resist  any  pressure 
for  which  it  is  designed.  The  corrugated  form,  such  as 
used    fur   furnaces   of    iiiteniallv    fired    marine    lioiliTs    is 


Baiigki!  Expansion  Joint 

adopted  because  of  its  strength  and  flexibility.  But  a 
single  piece  of  copper  would  have  to  he  very  thick  foi- 
high  pressures,  and  in  actual  practice  it  is  found  that 
there  is  always  a  tendency  for  one  or  two  corrugations  to 
take  the  entire  strain  of  repeated  change  in  shape.  In 
time,  those  few  corrugations,  taking  all  the  work,  woulil 
give  out. 

External  rings  on  the  corrugations  of  the  Badger  joint 
distribute  the  strains  among  several  corrugations  and  by 
tkus  bringing  many  corrugations  into  service  no  one  of 
them  takes  more  than  its  share  of  work.  The  external 
rings  force  a  part  of  the  strain  to  the  next  corrugation 
and  as  each  corrugation  has  l)ut  slight  movement  the  joint 
should  last  almost  indefinitely.  The  external  rings  give 
added  strength  to  the  joint  in  the  same  way  that  spiral 
winding  of  a  pipe  with  wire  adds  to  its  strength. 

The  number  of  corrugations  dejiend  iipon  the  pressure 
and  upon  the  length  of  the  joint.  For  high  pressures  and 
superheated  steam  the  change  in  length  is  considerable, 
therefore,  more  corrugations  are  used.  For  very  low  pres- 
sures, as  in  exliaust  jiiping,  two  or  three  corrugations  are 
sufficient  foi-  the  slight  alteration  in  length.  There  are 
even  some  eases  where  the  expansion  is  so  little  that  the 
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joint  does  not  need  any  external  rings.  But  in  most  ("u-;es 
external  rings  are  used  both  to  add  strength  for  high 
jiressure  and  also  to  stiffen  the  exhaust  pipe  against  eol- 
hqjse. 

Tlie  Badger  expansion  joint,  which  is  made  by  the  E.  B. 
Badger  &  Sons  Co.,  63  to  75  Pitts  St.,  Boston,  Ma.ss.,  is 


made  in  a  complete  line  of  sizes  for  all  pressures  ami  with 
flanges  drilled  to  A.  S.  M.  E.  standards,  both  high-pres- 
sure and  extra-heavy  pressure.  These  joints  require  no 
packing  and  take  up  no  more  room  than  a  pipe  of  the 
same  diameter.  The  joint  can  be  made  ovaJ,  rectangular, 
circular  and  in  other  special  forms. 


The  Analysis  of  Boiler  Losses 


Bv    .lollX    ti.    iloXEV 


.•<YXOPSIf< — How  to  deiermine  the  actual  lieat  (jistribu- 
lion  from  the  time  the  coal  is  fired  to  the  bailer  until  it 
/(rt.s  been  con.mmed  and  ha.H  passed  off  to  the  stack. 

Having  given  the  chemical  or  ultimate  analysis  of  the 
coal  used  in  the  evaporative  test,  Dulong's  formula  may 
be  used  to  determine  the  heat  value,  which  is  equal  in 
British  thermal  units  per  pound  to 

14,000  C  +  ii-2,(X)0  (^  —Z}  +  -iOOO  S 

where  C,  H,  0  and  S  are  proportionate  parts  by  weight 
of  the  carbon,  hydrogen,  oxygen  and  sulphur,  respective- 
Iv,  present  in  the  coal.  The  efficiency  of  boilers  ranges 
from  50  or  less  to  SO  per  cent.,  and  in  some  rare  cases 
even  higher.  The  difference  between  the  efficiency  actually 
obtained  and  the  ideal  efficiency  of  100  per  cent,  repre- 
sents the  heat  lost  while  converting  the  heat  energy 
stored  in  the  coal  into  that  contained  in  the  steam  within 
the  boiler.  This  loss  is  made  up  of  several  items,  as 
follows : 

1.  The  loss  of  fuel  through  the  grates,  being  present 
in  the  ash  as  unburned  coal. 

2.  Unburned  fuel  carrieil  beyond  the  bridge-wall  in 
the  form  of  soot  or  small  ])articles  which  go  to  form 
smoke. 

3.  The  loss  due  to  the  amount  of  heat  necessary  to 
raise  the  temperature  of  the  moisture  in  the  coal  from 
that  of  the  boiler  room  to  the  boiling  point,  312  deg.  F., 
to  evaporate  that  moisture  at  this  temperature  and  super- 
heat the  steam  thus  formed  to  the  flue-gas  temperature. 

i.  The  loss  due  to  the  presence  of  hydrogen  in  the 
fuel  which,  uniting  with  the  oxygen  of  the  air,  forms 
water  which  in  its  turn,  it  is  assumed,  must  be  evap- 
orated and  superheated,  as  in  item  3. 

5.  Superheating  the  moistitre  in  the  air  supplied  from 
the  ])rev;iiling  atmospheric  temperature  to  that  of  the 
Hue  gases. 

(i.  Heating  the  )>roducts  of  combustion  to  the  flue- 
gas  temperature. 

7.  The  loss  due  to  the  incomplete  combustion  of  the 
Kial  when  the  carbon  C  burns  to  carbon  monoxide  CO 
only  instead  of  to  carbon  dioxide  CO,,  plus  the  loss  dtie 
to  volatile  matter  pa.ssing  off  unburned. 

8.  The  loss  due  to  radiation  of  heat  from  the  boiler 
and  furnace.  It  would  require  an  elaborate  test  to  as- 
certain each  one  of  these  items  of  loss  and  in  good  prac- 
tice it  is  customary  to  summarize  them  as  follows: 

(a)  The  loss  due  to  moisture  in  the  coal.  This  loss 
inav  be  ascertained  by  the  formula : 

(9ff  4-  IT')  [212  —  t  +  970.4  +  0.48  {T  —  212)] 
in  which  H  and  W  are  the  proportionate  parts,  referred 
to  the  combustible,  of  the  hydrogen  and  water  respective- 


ly present:  /  is  the  boiler-room  temperature,  T  the  tem- 
perature of  the  fine  gases,  it  is  the  ratio  in  weight  between 
hydrogen  and  water  (based  on  the  atomic  weights),  213 
is  the  boiling  point,  970.4  is  the  latent  heat  of  the  steam 
at  212  deg.  F.  and  0.48  is  the  specific  heat  of  steam  at 
constant  pressure. 

(b)  The  loss  due  to  the  heat  carried  off  in  the  flue 
gases,  which   is  equal   in  British   thermal   units  to 

0.34  (T  —  0    X   'ft.  of  gas  per  lb.  of  combustible      ] 
where  0.24  is  the  mean  specific  heat  of  the  chimney  gases 
and  T  and  t  have  the  same  significance  as  before. 

(c)  The  loss  due  to  the  incomplete  combustion  of 
carbon  forming  CO  instead  of  CO^.  This  is  equal  in 
British  thermal  units  to 

1U,150  CO 
(00.,  +  CO) 
in  which  10,150  is  the  actual  loss  in  British  thermal 
units  per  pound  in  having  the  carbon  burn  to  CO  in- 
stead of  COj,  CO  and  CO^  are  the  percentages  by  vol- 
ume of  those  compounds  present  in  the  flue  gas,  and  (' 
the  proportionate  part  by  weight  of  the  carbon  in  the 
combustible. 

(d)  The  heat  unaccounted  for,  which  is  equal  to  the 
total  heat  generated  less  the  sum  of  that  utilized  in  form- 
ing steam  in  the  boiler  and  the  losses  (a),  (b)  and  (<). 
This  unaccounted  for  loss  is  included  under  item-  ■.'. 
5  and  8,  and  the  loss  arising  from  the  uncon-sumed  ga-  -. 

A  schedule  of  these  heat  expenditures  is  called  a  heat 
balance.  To  make  it  requires  an  evaporative  test  of  the 
boiler,  an  analysis  of  the  flue  gases,  an  ultimate  analysis 
of  the  coal  and  refuse,  and  a  calorimeter  determination 
of  the  heat  value  of  the  coal. 

To  illustrate  the  jjractical  application  of  the  foregoing 
the  following  data  from  a  recent  test  of  a  650-hp.  water- 
tube  boiler  mav  be  used  : 


Temoerature  of  stack  gases,  deg-  F 

o70 

Temperature  of  boiler  room.  deg.  F 

SI 

Temperature  of  feed  water,  deg.  F 

171 

Humidity  in  the  air.  per  cent 

96 

W  eight  of  dry  coa!  fired,  lb.  per  hr 

3,330 

Moisture  in  the  combustible,  per  cent.. . 

1   46 

Ash  or  refuse  in  wet  coal,  per  cent. , 

7.JS7 

Combustible  in  ash  or  refuse,  per  cent. . . 

21    10 

Calorific  value  of  coal,  B.t.u.  per  lb 

14.100 

Actual  evaporation,  lb.  of  water  per  hr, , 

31.611  5 

Superheat  in  steam,  deg.  F 

40 

Factor  of  evaporation 

I.IM 

An-alysis   of   Dry 

Coal* 

Carbon,  per  cent 

7o  92 

Hydrogen,  per  cent 

5  21 

Oxvgen.  per  cent.. 

4  22 

Nitrogen.  per  cent 

1   28 

Sulphur,  per  cent 

1    70 

Ash,  per  cent 

S.S6 

Volumetric  Analysis  ol 

'   Flue   Gase: 

•Tliese  percentages  usually  total  100.  and  should  in  this 
case,  as  later  in  the  article  the  ash  and  nitrogen  are  deducted 
from  100  to  get  the  percentage  of  combustible  in  the  coal. — Ed. 
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The  heal  l)iUaiiee  may  now  be  ohtaineil.  Thi'  loss  due 
to  moisture  in  the  coal  together  with  that  due  to  the 
hvdro.wii  is :  or  20.93  lb.  of  flue  gas.     The  heat  loss  iu  the  flue  gases 

(!)//   ^    ID    \->\->  —   i  +  !»T0.4  -|-  (1.4S   (7'  —  213)]       may  be  found  by  multiplying  the  pounds  of  gas  by  the 


(!)  X  11.05-il  +  0.014(3)   I  212  —  SI  +  970.4  + 
(1.4S    (."):()  —  212)]    =   (il.5.(n    H.t.u. 
per  lb.  of  eombuslible  fired. 


temperature  rise  and  the  specific  heat  of  the  gases. 
20.93  (570  —  81)  0.24  =  2456  B.t.u.  per  lb.  comlmstihle 
The  curves  in  Pig.  1  clearly  show  the  amount  of  heat 


To  compute  the  loss  of  heat  m  the  dry  eliinmev  gases      «i"-ied  off  by  the  chimney  gases  for  different  temperatures 
per  pound  of  combustible  fired,  the  wemht  of  the  gases      an^l  varying  amonnts  of  air  fed  to  the  boiler 


must  fir.st  be  ascertained.  The  air  supplied  per  pound  of 
combustible  is  gotten  from  the  ilue-gas  aJialy.sis  as  fol- 
lows : 

O  (' 

CO..  9.80     X  0.1235  =  1.2103  X  tt  =  0-8802       0.3301 
CO"0.3()     X  0.0781  =  0.0234  X   4    =0.0134       0.0100 
()    8.887  X  0.0893  =  0.7936  X    1    =  0.793G 


From  the  ultimate  analysis  of  the  coal   the  i)er  cent. 

of  carbon  in  the  conil)ustihle  is 

0  7592 

^    •'    ^   : =  0.845  =  84.5  »c/wT«/. 

1.00  —  (0.013  +  U.<)88(i)  ■' 

Then  the  loss  per  ])()Uiid  of  conihustihle  due  to  incomplete 

combustion  is 


10,150  CO     _  10,150  X  0.003  ^  ., 

^   (CO    +  CO)  "  0.098  +  0.003"       '"''  ' 


75  li.t.u. 


1.6872       0.3401      As  has  been    said  previously,   this  so  called   incomplete 
Where  the  sec.ui.l  ligure  in  each  equation  is  the  density,      combustion  is  caused  by  the  gases  passing  off  as  carlxjn 
monoxide  instead  of  carlion  dioxide.     The  next  illustra- 
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Fig.  2.   Eelatiox  of  Avfuage  CO  to  Boilf.i! 
Efficikncy 


or  weight  in  pounds  per  cubic  foot,  of  the  gas  in  ques-  tion.  Fig.  2,  taken  from  some  recent  tests  conducted  by 
tion.  One  pound  of  carbon  dioxide,  CO,,  is  composed  of  the  government  shows  how  this  apparently  small  ileiii 
2  y^  ;Lf5  may  sometimes  appreciably  att'ect  the  general  econoiuir 

"    "'  operation  of  a  boiler.     These  tests  also  point  out   wliiil 

has  already  been  claimed,  that  should  the  carbon  dio\i(' 


12  +  (2  X  16) 


:;%  1  1    '"• 


of  oxygen  and  the  remaining  -^  lb.  of  carbon.     A  pound  ^^^^^^  ^^^^^^   ^3   ^^^,  ^.^.^^i     ,^i.   ,i„,,^.,,i,.,i,ts   (he   , 

of  carbon  monoxide,  CO,  is  composed  of  ^_.^j^_^.  ^^  ^^^  ,^^jj^.,,  j^  ^,,.,,^„|^.  „,,|,„.,,i. 


Ili- 


16 


i  n. 


The  heat  absorbed  by  the  hoilcr  is  found  Ijy  determin- 
12  +  16        "'  ■"  iiig  the  water  evaporiiie.l   pei'  pound   ol'  ronil.iisliMe  and 

of  oxyaeii  and    2    II).  of  carbon,  where  16  and  12  are  the      getting  the  equivalent    heal    value. 

atomic  weiyhts  of  oxygen  and  carbon,  respectively.  Since  3330   11).  of  diy  coal    is   lii-cd   i)er  hour  and  llu.' 

coal  contains  89.86   per  cent.  (Munbustible  there   is   liivd 


1.6872 
0.34(11 


4.96 


''—--  =  21.38  ///.  air   iirr  II,.   rarhmi 
0.232  ^ 

as  air  eontams  23.2  per  cent,  oxygen  by  weight.     'I'lie  air       of  water  from  and  at  212  (leg.  V.  per  hr.,  or 


2995  lb.  of  combustible  per  hour.  .\ow  the  actual  e\ap^ 
oration  is  31,611.5  lb.  of  waler  per  hour,  which,  with  a 
factor  of  evaporation  of   1.11  1.  gives 

31,611.5  X    1-1  H    =   :i'>--l-J  I''- 


to  burn  the  carbon   in   1   lb.  of  coal   of  llie  eonii)i)sition 
given  in  the  analysis  would  be 

21.38  X  0.7592  =   1(;.23  //;. 
'I'he  air  to  burn  the  hydrogen  in  1   lb.  of  coal  would  be 
0.0422N 


35,215 
2995 


=  11.7(i  ll>. 


36    0.(1521 


=  1.68  III. 


Then  i)er  iKuind  of  coal 

16.23  +  1.68  =  17.91   Ih. 
of  air  would   be  re([uirefl,  and  per  pound   of  combustible 


of   water  evaporated  from    and    at    212    deg.    V.    per    lb. 
is  absorbed  per  pound  of  combustible. 

11.76  X  !''^0.4  =  11,112  li.l.n. 
are  absorbed  per  pound  of  combustible. 

The  loss  through  the  grate  was  found  to  be  7.s;  per 
cent.  «\  the  wet  coal,  which  refuse  eontaincd  21.1  per 
cent,    of    combustible.      Then 

0.211  X  0.0787  =  0.0166  =   1.66  iter  ccni. 
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of  wet  coal  was  lost  through  the  grate,  or  1.405  per  eeiit. 
coinbustible.  wliich  per  ])ouii(l  amounted  to 
15,(i6()  X  <).01495  =  234  B.l.ii. 
It  was  found  that  19.42  lb.  of  air  wore  being  fed  to  tlic 
boiler  per  pound  of  eomliustible  while  the  ))revailing  at- 
mospheric humidity  was  06  per  cent.,  which  for  air  at 
Si   deg.  F.  gives 

0.96  X  0.0236  =  0.02265  lb. 
water  in  1  lb.  of  air  fed  to  the  boiler,  the  number  0.0236 
being  the  weight  of  vapor  mixed  with   1   lb.  of  air  at  81 
dog.  F.     This  amounts  to 

19.42   X  0.02265  =  0.44  ///. 
of  water  in  the  air  fed  to  the  boiler  per  pound  of  eom- 
bustible  fired.     The  heat  lost,  therefore,  due  to  humidity 


Hirsch   Electric  Lamp 

There  are  many  hazardous  oeeu])atioiis  which  nece-ssi- 
tate  the  u.se  of  some  kind  of  a  lamp  that  will  not  cause 
an  explosion  of  gases,  etc.  Such  a  lamp  seems  to  be  found 
in  the  Hir.sch  electric  lamp  which  has  been  designed 
primarily  for  use  in  gaseous  coal  mines,  but  can  be  used 
to  advantage  by  engineers  about  boilers,  fuel-oil  tanks 
or  any  place  where  the  presence  of  a  naked  flame  would 
be  dangerous. 

This  2-cp.  portable  lamp  is  sui)plie(l  with  current  from 
a  storage  battery  of  2  volts  capacity,  and  will  run  the 
lamp  for  12  hr.  It  requires  8  hr.  to  recharge  the  battery, 
which  weighs  2  lb.     The  lamp  outfit  illustrated  herewith 


0.44  X  1-355  X  010.4  ^  579  B.l.u. 
per  pound  of  combustible:  1.355  is  the  factor  of  evapora- 
tion when  evaporating  water  at  81   deg.  F.,  the  boiler- 
room  temperature,  and  superheating  it  to  570  deg.   F., 
the  flue-gas  temperature,  at  atmospheric  pressure. 

-,20 
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Fig.  3.   Cueves  fkom  Boileu  with  Underfeed 
Stoker 

The  results  may  then  be  grouped  as  in  the  accompany- 
ing tal)le. 

HE.\T    BAL.^NCE— TOT.\L   HE.\T   IN    1    LB.    COMBUSTIBLE,    15,660 
BTU 

Distribution  of  Heat  B.t.u.          Per  cent. 

Heat  absorbed  by  boiler 11,420  72.93 

Loss  due  to  moisture  in  coal  and  moisture  formed  by 

burning  hydrogen  in  coal 615.61  3 .  93 

Loss  in  chimney  gases 2,456  15.68 

Loss  due  to  incomplete  combustion ...  2.54 .75  1 .  63 
LTnaccounted  for  losses: 

Through  grate 234  1.49 

Humidity 579  3.70 

Other  items,  as  unburned  fuel  passing  beyond  bridge- 
wall,  smoke,  radiation,  leakage,  etc 100.64  0.64 

Total 15,660.00        100.00 

The  accompanying  table  shows  how  close  the  heat  bal- 
ance may  be  made,  although  it  must  be  said  that  the 
unaccounted  for  losses  usually  total  as  high  as  3  to  5  per 
cent. 

Fig.  3  is  given  as  a  good  example  of  boiler  operation. 
This  boiler  was  equipped  with  an  underfeed  stoker  of  the 
latest  design  and  gave  an  exceedingly  high  economy,  one 
test  in  which  the  COo  content  by  volume  was  13  per  cent, 
giving  a  total  efficiency  of  boiler  and  grate  of  79.8  per 
cent.  The  oxygen  present  in  the  flue  gas  was  6.2  per 
cent,  with  no  traces  of  CO.  The  flame  of  this  underfeed 
stoker  is  very  short,  rarely  reaching  a  total  length  of  2 
ft.,  which  is  in  marked  contrast  to  a  hand-fired  furnace, 
while  being  pushed,  when  the  long  yellow  flames  envelop 
the  tubes,  and  are  carried  well  along  the  path  of  the 
gases. 
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has  received  the  otficial  apjiroval  of  the  United  States  I  ic- 
partment  of  Interior  and  Bureau  of  Mines  to  be  used  as  a 
cap  lamp  in  gaseous  mines.  It  is  made  by  the  Hirsch' 
Electric  Mine  Lamp  Co.,  221  to  227  Xorth  Twentv-thirdc 
St.,  Philadelphia.  Penn. 


Ellis  Metallic   Packing 

This  packing  is  dcsignetl  to  be  used  with  ammonia^, 
steam  and  water.  The  soft,  round,  metallic  rings,  wher 
placed  in  the  stufiing-box,  are  separated  by  a  few  strand.' 
of  hemp.  The  rings  do  not  butt  when  first  put  in  place 
but  are  separated  from  V^  to  %  in.  After  filling  thi 
stuffing-box  with  rings  they  are  forced  in  as  hard  as  posi 
sible  and  crushed  flat.  After  the  metal  rings  hav 
been  flattened,  a  soft  ring  is  placed  next  to  the  gland  am 
the  gland  secured  in  position. 

This  packing  is  made  by  W.  J.  Ellis,  Box  9,  Lansdowiu 
Penn. 


Chloride    of   calcium    brine    for   circulation    in    refrigeratin  j 
systems  is  generally  made  by  dissolving:  from  3  to  5  lb.  of  tl 
calcium   in  a  gallon  of  water — the  quantity,  between   the  liii 
its  given,  depending  upon  the  purity  of  the  calcium.     The  del 
sity  of  this  solution  is  generally  assumed  as  23  deg.  Beaurol 
and  the  freezing  point  as  nine  degrees  below  zero.  I 
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WAVli-CONNECTED    WiNDINOS — CONCLUDED 

A  peculiarity  of  two-path  windings  that  is  worth  re- 
membering is  that  if  one-half  the  niimher  of  magnet 
poles  be  an  even  number,  the  number  of  armature  coils 


odd  number),  but  Fig.  180  shows  an  odd  number  of 
coils  and  an  even  commutator  pitch  while  Pig.  182  shows 
an  even  number  of  coils  and  an  odd  commutator  pitch. 

The  accompanying  tables  give  all  of  the  possible  com- 
binations within  a  practical  range.  Table  8  for  two-path 
and  Tabic  !•  for  P-path  wave-connected  windings;  P  be- 
ing the  number  of  fleld-niiignet  poles.    For  both  classes  of 


Fig. 


T8.   FouE-PoLE  Two-Path  Winding 
WITH    15    CoiLb 


Fig.  isi.   Fouii-PoLE  Two-Path  WixD- 

iN'o  WITH  17  Coils 


Fig.  ISO.  Minimum  Crossing,  Due  TO  Using  THE 
Larger  Available  Number  of  Coils 

must  be  odd  :  whereas  if  one-half  the  number  of  poles  be 
an  odd  number,  the  number  of  armature  coils  will  be  odd 
if  the  com  mutator  pitch  be  even,  or  even  if  the  commu- 
tator pitch  be  odd.  This  rule  is  invariable,  and  it  may 
be  very  helpful  in  rewinding  or  repairing  old  armatures. 
Figs.  178  and  181  illustrate  the  first  part  of  the  .state- 
ment and  Figs.  180  and  182  the  second  part.  The  first 
two  diagrams  are  for  four-pole  windings  and  both  have 
an  odd  number  of  coils.  The  latter  two  are  for  six-pole 
windings  (one-lialf  the  number  of  ma.gnet  poles  being  an 


Fi(f.  I,S2.  Two-Path  Winding  with  an  Even  Number 
OF  Coils  and  Odd  Co.mjiutator  Pitch 

windings  two  nundxTs  of  coils  are  available  for  each  com- 
mutator ))itch  and  nundicr  of  poles:  the  larger  is  prefer- 
able. 

Tn  Table  8,  in  the  four-pole  column,  the  right-hand 
number  in.eai-h  line  is  two. digits  larger  than  the  left- 
hand  number.  This  is  because  half  the  number  of  poles  is 
2  and  the  number  of  paths  is  also  2  ;  consequently,  the 
difference  between  any  two  neighboring  numbers  of  coils, 
reading    cither    vertically    or    horizontally,    must   be    3. 

These   tables  give,   within   their   limits,   every  number 


l•^p. 
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TABLE    8.     RELATION    BETWEEN    THE    Nl'MBKR    OF    COILS 

AND  THE  COMMUTATOR  PITCH  FOR  TWO-PATH 

AUMATtRE  WINDINGS 


TABLE    9.     RELATION    BETWEEN    NUMBER    OF    COILS    AND 
COMMUTATOR  PITCH  FOR  WAVE  WINDINGS  WITH  A  NUMBER  OF 
PATHS  EQUAL  TO  THE   NUMBER  OF  POLES 
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of  coils  that  can  be  used  for  the  stated  numbers  of  field- 
magnet  poles  and  armature  paths.  A  six-pole,  two-path 
armature  winding,  for  example,  can  have  either  104  or 
106  coils,  but  not  105;  and  a  six-pole,  six-path  winding 
can  have  105  or  108  coils  but  not  103,  104,  106  or  107. 
The  larger  the  number  of  poles,  the  larger  are  the  gaps 
l)etween  the  possible  numbers  of  coils.  A  12-pole  machine 
with  a  12-path  winding,  for  example,  can  have  only  one 
number  of  coils  in  each  six  existing  numbers;  if  any 
Luimber  between  those  .siven  should  be  used,  the  winding 
L-annot  have  12  paths  through  it.     It  is  largely  due  to  this 


restriction  that  lap-connected  windings  are  used  instead 
of  wave-connected  multipath  windings  in  machines  hav- 
ing large  numbers  of  field-magnet  poles.  The  wave-con- 
nected winding  has  the  very  great  advantage  that  every 
path  through  it  is  subjected  to  exactly  the  same  magnetic 
effect,  regardless  of  differences  between  the  strengths  of 
different  field-magnet  poles,  but  the  gaps  between  the 
available  numbers  of  armature  coils  are  equal  to  one-half 
the  number  of  field-magnet  poles.  The  multipath  wave- 
connected  winding  is  also  subject  to  some  disadvantages 
as  to  commutation,  which  will  be  discussed  later. 
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New  Heavy-Oil  Engine 

r.V    A.    K,     I'.Al.LI.V 

'J'lif  Diesel  or  lugli-euiupression-tyiie  oil  eiigiue  is 
unique  in  that  it  was  designed  to  fit  a  theory.  Previous 
jirime  movers  had  first  been  built  and  run  by  practical 
men,  and  the  theoretical  considerations  governing  their 
operation  were  later  formulated  to  account  for  observed 
results.  The  descriptive  matter  iu  Doctor  Diesel's  origi- 
nal patent  shows  that  he  was  in  error  in  several  par- 
ticulai's.  For  instance,  it  was  claimed  that  the  engine 
would  not  require  any  artificial  cooling  as  the  expansion 
of  the  products  of  combustion  would  reduce  the  tempera- 
iiire  to  such  a  degree  that  the  mean  temperature  of  the 
parts  would  be  low  enough  so  as  not  to  interfere  with 
proper  lubrication.  It  was  even  claimed  that  by  cooling 
the  air  during  the  first  part  of  the  compression,  the  ex- 
haust gases  would  be  cooled  even  below  the  temperature 
of  the  surrounding  atmosphere,  and  might  be  used  for 
refrigerating  purposes.  The  fundamental  theory,  how- 
ever, was  sound,  and  these  early  misconceptions  probably 
had  no  other  effect  than  to  delay  the  attainment  of  a 
successful  design. 

The  high-compressiou-type  oil  engine'  has  been  built 
111  the  United  States  for  about  a  decade,  but  it  has  never 
made  the  progress  here  that  it  has  in  Europe.  Tliis  has 
been  due  largely  to  economic  reasons.  With  the  expira- 
tion of  Diesel's  fundamental  patent  in  .luly,  1012.  how- 
evei-,  ill)  ininetus  w;!s  gi\cii  to  the  dcvelupmcnt  in  this 
country. 

Califohxia   and   Mexican    Oils 

There  is  produced  in  California  and  in  Mexico  an 
abundance  of  crude  oil  containing  high  percentages  of 
asphalt  and  sulphur,  but  relatively  small  amounts  of  gaso 
line  and  the  lighter  distillates.  Hence,  these  oils  have 
found  their  principal  market  as  fuel  for  the  generation 
of  steam. 

In  California  alone,  a  monthly  production  in  excess 
of  700,riOO  barrels,  was  recently  made  practically  useless 
by  the  decision  of  the  Standard  Oil  Co.  to  purchase  no 
more  crude  oil  below  18  deg.  gravity  Baume.  This  rate 
of  production  would  supply  650,000  hp.  of  oil-engine  ca- 
pacity with  fuel  running  at  full  load  2-1  hr.  pel'  day  con- 
tinuously. To  what  extent  the  economies  of  water  iraiis- 
portation  may  effect  the  market  for  low-grade  oil  after 
the  Panama  Canal  is  opened  is  not  now  apparent,  but 
that  the  field  will  be  broadened,  there  can  be  no  question. 

The  problem  to  be  solved  if  the  oil  engine  is  to  become 
a  competitor  of  other  forms  of  prime  movers,  except 
in  special  cases,  is,  therefore : 

To  produce  an  engine  which  can  utilize  the  low -grade 
asphalt-base  crude  oils  of  the  Pacific  coast  and  Mexico,  with 
their  high  percentage  of  asphalt  and  sulphur,  or  other  low- 
grade  oils,  and  to  so  design  the  engine  that  the  ordinary  en- 
gineer need  have  no  difBculty  in  maintaining  it  in  satisfactory 
operation,    without    requiring  frequent    or   costly    repairs. 

These  considerations  led  tlie  Snow  Steam  Puinp  Wcn-ks 


to  take  up  this  new  line  of  prime  movers.  As  a  pre- 
liminary, an  investigation  was  conducted  through  its 
agents  in  Europe  as  to  types,  sizes,  magnitude  of  the 
business,  etc.,  of  European  builders.  Later,  representa- 
tives went  abroad  to  get  a  first-hand  knowledge  as  to  con- 
ditions under  which  engines  were  operating,  the  troubles 
that  were  being  experienced,  etc. 

High  Compression  vs.  Medium  Compression 

The  first  question  to  be  settled  was  whether  the  engine 
should  operate  on  tlie  high-compression  principle,  or 
whether  some  modification  should  be  made  in  it;  that  is, 
•whether  a  medium-compression  type  of  engine  should  be 
built,  in  all  of  these,  some  form  of  auxiliary-ignition 
apparatus  is  used.  The  claims  made  for  such  engines 
are : 

That  they  can  be  made  lighter  for  the  same  horsepower 
on  account  of  the  lower  compression  and  are  consequently 
cheaper. 

That  they  can  be  run  with  a  mechanical  oil-spraying  de- 
vice, thereby  avoiding  the  necessity  of  supplying  compressed 
air  for  spraying  the  fuel,  "which  still  further  reduces  the  first 
cost   of  an  installation. 

Many  engines  of  this  type  that  were  seen  running 
showed  a  smoky  exhaust.  It  is  obvious  that  if  the  lighter 
oils  will  not  burn  clean,  the  heavy  asphalt  base  oils,  will 
soon  clog  the  internal  parts  of  the  engine, 

A  modification  of  the  medium-compression  type  by  the 
addition  of  an  air-spraying  valve  to  inject  the  fuel,  im- 
proves the  combustion  and  economy,  but  nullifies  certain 
arguments  in  favor  of  this  type.  E\en  with  the  lower 
compression,  the  injection  of  fuel  into  a  hot  vaporizing 
chamber  causes  an  explosive  rise  in  pressure  to  a  point 
quite  as  high  as  is  essential  in  a  high-compression  en- 
gine. This  means  that  the  engine  must  be  as  strong  and 
as  well  constructed  as  the  high-compression  engine  and 
must  have  all  of  the  essential  mechanism,  in  addition  to 
the  vaporizing  chamber. 

There  are  several  disadvantages  of  a  vaporizing  cham- 
lier.  It  must  be  heated  with  a  blow  torch  to  a  dull  red 
before  starting  in  order  to  ignite  the  fuel  and  in  this  the 
engineer  must  exercise  his  judgment  as  to  when  it  is  hot 
enough.  Of  more  importance  is  its  influence  on  the  de- 
sign of  the  cylinder  head.  The  va]inriziiig  chamber  must 
be  so  placed  in  relation  to  the  ruel-iiijection  nozzle  that 
the  oil  is  injected  into  the  cenlei-  ul'  the  chamber.  The 
spray  valve  cannot  then  he  jilaced  in  the  center  of  the 
cylinder  head  on  the  longitudinal  axis  of  the  cylinder, 
which  is  its  natural  location.  The  large  opening  in  the 
cylinder  head  for  the  vaporizing  chamber  in  addition  to 
openings  for  inlet  and  exhaust  valves,  air-starting  valve 
and  spray  nozzle,  together  with  the  resulting  lack  of  sym- 
metiy,  results  in  a  cylinder-head  design  not  well  ada])tcd 
to  resist  combined  stresses  due  to  high  temperatures  and 
pressures  within  the  cylinder. 

The  high-compression  engine,  on  the  other  hand,  can 
be  started  cold  and  brought  up  to  speed  in  a  minute  or 
less.  The  compression  increases  gradually  until  the  maxi- 
luum  is  reached.     This  maximiini   conipression   pressure 
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ttained  need  not  be  exceeded  when  tlie  fuel  is  injected, 
he  clfc-t  of  tlio  resulting  combustion  being  to  maintain 
he  pressure  constant  at  the  highest  point  of  the  com- 
ression  for  a  certain  time,  depending  on  the  load,  after 
•hich  expansion  takes  place  with  a  gradual  fall  in  pres- 


ber  of  months,  using  the  various  grades  of  oil  a\  a  liable 
in  dilTereut  parts  of  the  country,  demonstrated  that  the 
asphalt-base  oils  could  be  completel3'  consumed  within  the 
cylinder.  The  exhaust  from  the  engines  is  invisible,  and 
practically  odorless,  except  when  oils  containing  suljihur 
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urc  until  the  exhaust  valve  opens.  The  result  is  that 
be  engines  run  quietly  and  without  shock  on  all  loads 
nd  it  is  almost  impossible  to  tell  whether  an  engine  is 
unniug  light  or  loaded  when  standing  beside  it,  pro- 
ided  the  sound  of  the  exhaust  cannot  be  heard. 
The  decision  arrived  al  after  C'ivinsj:  due  consideration 
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o  all  of  these  factors  was  that  the  high-compression  hori- 
oiital  type  was  preferable. 

Thk  Sxow  Exgixe 

The  first  engine  built  was  a  single-cylinder,  single-act- 
iig,  four-stroke-cycle  type  rated  at  110  li.h]).  and  run- 
dug  at  180  r.p.m.     Experiments  extending  over  a  num- 


are  being  used,  in  which  case  the  characteristic  odor  v( 
sulphitr  dioxide  is  noticeable. 

Eig.  3  shows  the  fuel-consumption  cur\e  when  using 
California  crude  oil  of-  15.5  deg.  Baunie.  This  shows  the 
curve  to  be  verj'  flat  between  loads  of  So  to  115  b.hp. 
Fig.  1  is  a  side  view  of  the  engine  and  Fig.  2  shows  the 
head  end. 

These  engines  are  suitable  for  any  application  to  which 
stationary  engines  are   adaptable,   including   driving  di- 


■o       0 

-■  10       20       50      40       50       60       70       80      90      100       110     120 

Brake    Horsepower  '^''"^ 

Fn;.  ;l.   Load  Curve 

rect-connectcd,  (iU-cycle,  alternating-current  generators  in  j 
parallel.     For  this  latter  service  engines  of  175  to  750  | 
b.hp.  can  he  furnished.     For  less  exacting  requiremeutSjj 
as,  for  instance,  general  power  purposes,  or  for  drivir 
direct-current  generators,  engines  as  low  as  30  b.hp.  ai 
being  built. 

One  quart  of  cylinder-lubricating  oil  for  ten  hours'  run 
has  been  found  to  be  sufficient  to  keep  the  cylinder,  the" 
inlet-valve  stem  and  the  exhaust-valve  stem  of  the  110- 
hp.  engine  properly  lubricated.  The  shaft  bearings  and 
cranks  are  supplied  with  oil  from  a  gravity  system.  After 
passing  through  a  settling  tank  and  filter  the  oil  is  re- 
turned to  the  overhead  tank  to  be  used  again.  The  cam 
and  lay  shafts  are  htbricated  with  ring  oilers  and  the 
gears  all  run  in  oil. 
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Combined  Producer  and  Boiler 

III  its  rureiga  review,  the  Journal  nf  the  American  So- 
eiuty  ul'  Mechanical  Engineers,  for  July,  cuntaius  a  brief 
description  of  a  combined  gas  producer  and  boiler,  de- 
signed by  Chief  Engineer  Marisclika,  of  the  Vienna 
Municipal  Gas  Works.  As  shown  in  flie  ilhistratioii.  the 
producer  has  a  revolving  grate  and  the  lyliiulcr  or  shell 
for  its  full  length  is  made  into  n  steam  l)oilcr.  ilividcd 
into  two  sections  with  water  tuiies  betwcrii.      In  additiim. 
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a  jacket  is  provided,  which  forces  the  «ascs  tn  tlow  aloufr 
the  surface  of  the  boiler  for  a  considerable  distance. 

This  arrangement  has  made  ii  possible  to  reduce  I  lie 
temperature  of  the  gases  leaving  the  producer  to  aljout 
425  deg.  F.,  while  steam  is  generated  at  85  lb.  gage.  Only 
part  of  the  steam  is  required  for  the  producer  itself  and 
the  rest  is  available  for  other  purposes. 

The  chief  value  of  this  prodiTcer  lies  in  the  fact  that 
it  takes  care  of  cooling  the  gases  down  to  near  the  tem- 
peratuTe  at  which  they  can  be  conveniently  handled  in 
the  gas  engine,  and  at  the  same  time  utilizes  their  ex- 
cess of  heat.  This  is  not  the  first  attempt  to  combine  a 
gas  producer  with  a  boiler,  hut  it  is  only  the  revolving 
grate  that  has  made  such  a  construction  commercially 
practicable,  owing  to  the  large  amount  of  fuel  handled, 
and  the  large  amount  of  heat  developed  per  unit  of  pro- 
ducer cross-sect  inn. 

Gas-Engine  Explosion 

By  .T.  W.  Lehji ax 

A  most  unusual  explosion  of  a  gas  engine  took  place  at 
the  plant  of  the  Hardin-Wyandotte  Lighting  Co.,  of  Ken- 
ton, Ohio,  on  July  18,  which  resulted  in  injury  to  two 
men,  neither  fatally  linwever.  Usher  Wetherill,  the  day 
engineer,  sustained  a  broken  leg  while  William   Wilson, 


the  night  engineer  was  liadly  bruised.  Both  men  were 
standing  on  the  platform  at  the  time  and  Wetherill  was 
explaining  some  details  to  Wilson  when  he  accidently 
touched  the  governui'.  Tliis  ininiediately  opened  the  throt- 
tle and  such  a  large  (juniiiity  uf  gas  was  sucked  in  as  to 
find  its  way  into  the  crank  case.  The  heated  condition 
of  this  chamber  caused  an  explosion  which  blew  out  the 
side  of  the  crank  case.  The  men  were  standing  against 
the  crank  case  at  the  time,  which  fact  accounts  for  their 
comparatively  slight  injuries,  as  they  were  pushed  rather 
than  thrown  off  the  platform.  The  side  of  the  crank  case 
was  thrown  a  distance  of  20  ft. 

The  engine  is  rated  at  150  hp.,  runs  on  natural  gas 
and  has  been  in  o]3eration  for  more  than  a  year. 

Another  unit,  wliich  was  in  reserve,  was  immediately 
started;  hence  the  accident  did  not  cripple  the  service  to 
any  great  extent.  Repairs  were  made  within  a  few  days 
and  the  new  crank  case  is  fitted  with  safety  devices  con- 
sisting of  thin  layers  of  inclal  placed  opposite  each  cyl- 
inder; these  will  blow  (uit  .ind  relieve  the  pressure  be- 
fore the  walls  of  the  i  rank  i  asc  will  give  way. 

Some    Observations    on   Marine   Diesel 
Engines 

By  Di;.  L.  K.  IIiksuberg 

A<lvocates  of  the  application  of  the  Diesel  engine  to 
large  vessels  are  endeavoring  to  curb  to  a  degree  the  over- 
enthusiasm  of  its  radical  supporters  who  are  prone  to 
claim  too  much  for  this  type  of  engine  on  account  of  the 
success  of  such  vessels  as  the  "Selandia"  and  the  more 
recently  built  "Eavestonc." 

At  a  discussion  last  summer  in  regard  to  cargo  vessels 
generally  a  Inwcr  |n-lic  for  oil  than  $2.50  per  barrel 
seemed  to  be  needed  lo  enable  it  to  compete  as  fuel  in 
internal-combustion  engines,  with  coal-fired  boilers  and 
steam  engines  nr  hirliiiies.  There  are,  however,  excep- 
tional cases  of  vessels  that  have  to  perform  very  long  voy- 
ages, carrying  their  own  fuel  where  the  advantages  of  a 
minimum  consumption  are  paramount.  On  the  other 
hand,  there  are  cases  which  are  much  less  favorable  to  oil. 
The  short  experience  so  far  obtained  with  large  oil  en- 
gines on  board  sliiji  (while  eminently  satisfactory  ami 
encouraging  to  builders  and  owners)  makes  speculation 
difficult  as  yet,  and  it  remains  for  further  practical  ex- 
perience over  a  term  of  years  before  definite  and  accurate 
figures  will  be  available  as  to  reliability  and  upkeep. 

The  East  Asiatic  Co.  ahcady  has  six  passenger  and 
freight  vessels,  e(nii]>|ieil  witli  Diesel  engines,  in  com- 
mission to  send  tlii-iiiiuh  ilie  Panama  Canal  when  it 
opens,  and  six  more  \-essels  nl'  like  design  are  under  con- 
;;truction  and  will  be  re:id\'  tn  join  the  fleet  in  handling 
traffic  from  Europe  via  the  canal.  After  careful  experi- 
ments, this  company  reports  the  net  earnings  of  tbeir 
steam  vessels  at  8  per  cent,  jier  annum,  and  those  having 
Diesel  motors  at  20  per  cent,  on  the  capital  invested. 

The  "Fionia,"  one  of  the  company's  finest  vessels  and 
now  on  the  stocks  at  Copenhagen,  has  been  selected  as 
the  first  vessel  of  the  fleet  to  make  the  trip. 

About  400  vessels  using  Diesel  engines  are  now  in  ser- 
vice and  60  are  heing  built.  Freight  vessels  of  from  6000 
to  10,000  tons  are  being  equipped  with  these  engines,  hut 
as  yet  they  have  not  proved  available  for  fast  boats,  as  the 
speed  has  never  developed  mucli  over  12  knois  an  hmii-. 
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Physical  Action  of  Steam  and  Forced 
Hot-Water   Heating  Systems 

II V    Ii;\   X.  EVAXS      ' 

The  following  question  was  recently  asked  in  ccmioction 
vitli  the  comparisons  of  methods  of  heating  hy  steam  and 
vater  by  forced  circulation :  Does  the  hot-water  system 
•equire  a  longer  time  to  heat  up  a  building  than  a  steam 
system?  At  first  thought  one  would  conclude  that  the 
ivater  sj'stem  required  the  longer  period  and  iu  tliis  re- 
spect is  at  a  disadvantage.  There  are  several  elements 
hat  should  be  taken  into  consideration  in  answering  this 
juestiou  by  a  simple  affirmative  or  negative. 

In  the  first  place,  the  point  involved  assumes  iraport- 
uice  only  where  intermittent  operation  is  contemplated. 
From  actual  tests  continuous  operation  has  proved  more 
;conomical  for  large  heating  plants.  If  a  plant  required 
100  boiler  hp.  to  maintain  the  rooms  at  a  constant  tem- 
perature and  was  shut  down  for  10  hr.,  then  1000  hp.-lir., 
)r  500  boiler  hp.  would  be  required  to  replace  in  two  hours 
:he  heat  radiated  during  the  10-lir.  period  and  raise  the 
:emperature  of  the  rooms  to  the  same  degree  as  before 
lie  plant  was  shut  down.  The  actual  power  used  is 
learly  the  same,  but  the  intermittent  operation  of  the 
greater  boiler  capacity  for  short  periods  is  exceedingly 
vasteful  and  expensive  to  say  nothing  of  the  investment 
jx  extra  boilers. 

Under  these  conditions  the  greater  density  of  the  water 
vould  seem  a  disadvantage,  due  to  the  greater  quantity  of 
ieat  stored.  There  is  actually  nothing  lost  as  this 
leat  would  be  given  off  during  the  period  of  uon-opera- 
:ion,  preventing  the  building  temperature  from  dropping 
IS  low  as  with  the  steam  medium.  It  will  be  seen  later 
;hat  the  heat  absorbed  by  the  cubic  contents  of  the  sys- 
;em  is  not  a  large  proportion  of  the  total  heat  require- 
uents  to  maintain  the  room  contents,  walls  and  floors  at 
;he  required  temperature.  All  sprinkler  and  water  pipes, 
furniture,  machinery  and  masonry  store  the  heat  and 
lave  to  be  raised  to  the  proper  temperature  before  the 
juilding  is  actually  warm. 

This  heat  is  given  out  when  the  apparatus  is  inopera- 
:ive  and  all  has  to  be  replaced.  The  above  statements  ap- 
Jly  to  any  heating  system,  whether  water  or  steam,  and 
:he  larger  the  plant  and  building  the  more  heat  has 
:o  be  provided  when  intermittent  operation  is  contem- 
plated. 

A  heating  ap]iaratus  is  a  device  for  conveying  and  dis- 
:ributing  heat,  and  the  best  system  will  be  the  one  capable 
3f  delivering  the  greatest  quantity  iu  the  shortest  space 
)f  time.  It  makes  little  difference  how  much  heat  the 
•ystem  itself  absorbs,  it  is  the  rapidity  and  efficiency  with 
ivhicli  the  heat  can  be  transferred  from  the  source  to  the 
luilding.  However  great  the  capacity  of  the  heating  sys- 
:em  for  conveying  and  distributing  the  heat,  ample  boiler 
lower  must  be  provided  to  meet  the  demand,  and  as  the 
toiler  power  is   decreased  the  period   required   to  raise 


the  temperature  of  the  building  will  increase  independent 
of  the  type  of  system.  Most  well  designed  heating  sys- 
tems Avill  have  conveying  caf)acity  far  in  excess  of  the 
boiler  power  provided,  and  it  will  be  found  that  the 
latter  item  will  generally  be  the  limiting  factor. 

'Olien  steam  at  constant  pressure  and  teiuperature  is 
iised  as  a  heating  medium,  the  only  mehod  of  varying  the 
steam  requirements  of  the  system  for  outside  weather 
changes  is  by  automatic  heat  control  locally  applied 
whereby  overheating  is  prevented  by  shortening  the  pe- 
riod of  operation  and  turning  the  radiators  on  and  off. 
Where  automatic  heat  control  is  not  applied  the  over- 
heating of  the  steam  system  is  partially  overcome  by  in- 
termittent operation.  This  gives  a  variable  temperature 
in  the  rooms.    It  is  cold  in  the  morning  and  hot  at  night. 

With  water  circulation  the  entire  medium  may  be 
changed  in  temperature  through  a  considerable  range  to 
accomplish  the  same  object.  A  constant  temperature  may 
easily  be  maintained  iu  the  building  with  a  steam  con- 
sumption in  proportion  to  the  outside  weather  require- 
ments with  all  radiators  in  operation.  This  method,  for 
best  and  most  economical  results,  requires  continuous  op- 
eration. The  average  change  or  variation  from  day  to 
day  in  the  outside  temperature  is  .seldom  more  than  15 
deg.  and  the  hourly  change  is  much  less. 

A  few  figures  will  give  a  better  idea  of  the  actual  rela- 
tion and  importance  of  the  quantities  involved.  A  heat- 
ing system  aggregating  30,000  sq.ft.  of  radiation  will  be 
assumed,  operating  at  the  same  average  maximum  tem- 
perature of  210  deg.  for  both  the  steam  and  water.  The 
surface  of  the  steam  system  may  be  slightly  higher  in 
temperature  at  times  than  that  of  the  water  system,  but 
the  advantage  in  density  and  velocity  of  the  water  over 
the  heating  surface  will  more  than  ofl'set  any  possible  dif- 
ference in  temperature. 

The  same  initial  steam  temperature  of  225  deg.  willj 
be  assumed  for  both  systems.  The  water  system  will 
have  an  outboard  temi^erature  of  220  deg.  and  retiirn  of 
200  deg.  or  an  average  of  210  deg.,  while  the  steam  sys- 
tem will  have  the  same  average  temperature  in  the  radi- 
ators, allowing  for  drop  on  the  mains,  or  10  to  5  deg. 
less  than  the  initial  steam  temperature. 

It  is  a  fair  assumption  that  the  radiation  on  both  sys- 
tems will  do  the  same  work  in  zero  weather  and  radiate 
the  same  amount  of  heat.  Steam  at  atmospheric  pres- 
sure has  a  volume  of  nearly  27  cu.ft.  to  the  pound.  The 
water  at  the  temperatures  used  for  heating  has  an  aver- 
age density  of  about  61  lb.  per  cu.ft.  The  latent  heat  of 
the  medium  on  the  steam  system  will  be  taken  at  970 
B.t.u.  Both  heating  systems  will  be  assumed  to  have  a 
cubic  content  of  about  30  cu.in.  to  the  square  foot  of  heat- 
ing surface,  or  35  cu.in.,  including  mains.     Then 


30,000  X  35 
1728 


=  608  cu.ff. 


The  amount  of  heat  transferred  by  the  raJiation  ni 
zero  weather  by  either  system  will  be  the  same  per  hour 
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;5o,(H((i  sij.ft.  X  i-^  B-t-it-  X  (21'i  (!''!].  —  "11  cleg.)  = 
7,560,000  B.i.u. 
riiis  will  be  asisuiiR'il  to  exactly  balance  tbc  heat  losses 
)t'  the  Iniilding  and  maintain  70  deg.  in  the  rooms.  The 
)robable  average  temperature  of  the  water  75  per  cent. 
)f  the  time  will  be  160  deg.  and  the  heat  necessary  will 
)e 

;oO,000  X  1-'^  X    (160  —  70)   =  4. .5011,11(10  J!J.u. 
riie  probable  minimum  temperature  of  the  water  system 
vill  be  120  deg.,  or 
50,000  X  1-6  X   (120  —  70)  =  2,400,000  B.i.u.  per  hi: 

If  automatic  heat  control  is  provided  the  steam  sys- 
;em  may  utilize  the  same  total  heat  units  as  the  liot- 
S'ater  system,  but  it  is  accomplished  by  shutting  off  the 
ndividual  radiators  entirely  for  longer  and  longer  pe- 
riods as  the  outside  weather  becomes  warmer.  The  tem- 
Derature  of  the  radiator  remains  at  210  deg.  and  some- 
;imes  is  a  little  higher  in  moderate  weather.  If  there  is 
10  automatic  control,  and  occupants  open  the  windows, 
iue  to  overheating,  leaving  the  radiator  turned  on,  the 
iteam  consumption  for  the  heating  system  will  be  about 
the  same  one  day  as  another.  Many  people  think  that  e.x- 
liaust  steam  costs  nothing  and  neglect  to  take  advantage 
jf  the  periods  of  light  load,  when  with  automatic  control 
there  would  be  no  occasion  to  supply  live  steam  to  make 
up  a  shortage  in  the  supply  of  exhaust  steam. 

A  vacuum  steam  system  with  automatic  heat  control 
srill  cost  more  to  install  than  a  hot-water  system,  and  is 
dmply  a  case  of  intermittent  heating  on  a  large  scale  with 
individual  radiators. 

For  all  heating  systems  the  piping  is  figured  for  the 
maximum  capacity  in  zero  weather.  Sometimes  allowance 
is  made  for  intermittent  heating  hy  increasing  the  radia- 
tion, but  as  a  rule  the  lower  temperature  of  the  rooms 
when  heating  up  will  increase  the  transmission  of  the 
radiators  sufficiently.  With  a  2-lb.  drop  between  the 
engine  and  the  radiation  the  main  for  this  job  would  lie 
approximately  12  in.  in  diameter  with  a  velocity  in  the 
main  of  86  ft.  per  sec. 

The  hot-water  main  for  a  maximum  drop  of  20  deg.  in 

zero  weather  for  the  same  capacity  and  1000  ft.  of  mains 

when  pumping  against   50  to   75   ft.   head   would  be   6 

in.  in  diameter.    The  quantity  of  water  in  pounds  pumped 

per  minute  would  be 

7,500,000 

- — r^ ^-  =  6300 

■iOileg.  X  60  mi/i. 

The  difference  in  size  of  main  is  due  directly  to  the  rela- 
tive densities  and  velocities  of  the  two  mediums.  The 
water  will  have  the  same  size  supply  and  return,  while 
the  steam  will  have  a  much  smaller  return  pipe. 

The  maximum  capacity  of  the  steam  mains  will  be 
about  0.3  lb.  per  sq.ft.  of  radiation  per  hour,  or  in  this 
case 

30,000  sq.ft.  X  0.3  lb.  =  9000  lb.  .steam  per  hr. 

This  capacity  may  be  considerably  increased  by  raising 
Ihe  steam  pressure  and  increasing  the  density  of  the  steam. 
At  15-lb.  gage  pressure  there  would  be  about  14  cu.ft. 
to  the  pound  instead  of  27  cu.ft.  at  atmospheric  pres- 
sure, and  the  temperature  of  the  radiators  would  be  about 
240  deg.  in.stead  of  210.  The  capacity  of  the  mains  would 
06  doubled  at  the  same  velocity,  but  this  would  mean  back 
pressure  when  operating  on  exhaust  steam. 

In  the  medium  the  heat  above  32  deg.  at  any  instant 
when  operating  at  210-deg.  temperature  will  be  for  the 


steam  svsteni,  1150  B.t.u.  per  lb.,  and  for  the  water  ViS 
B.t.u.  per  lb.  The  total  heat  iu  the  steam  system  at  210 
deg.  when  shufdown  wnulil  then  be 

1150  X  OOH 

^^ =  25, Slid  IJ.t.ii. 
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Under  the  same  conditions  ihe  total   heat   in  the  water 

system  woitld  be 

608  X  61  X  1'8  =  6,601,661  B.t.u. 

These  figures  indicate  the  available  heat  in  either  system 

to  prevent  freezing  after  shutting  down. 

To  this  in  both  cases  must  be  added  the  heat  stored 

in  the  metal  of  either  system  from  32  to  210  deg.  There 

are  7  lb.  of  metal  per  square  foot  of  surface  if  cast-iron 

radiators  are  used  on  either  system,  and  the  specific  heat 

is  0.13.    Then 

30,000  X  ■?  X  l'^8  X  0.13  =  4,859,400  B.t.u. 

25,896  +  4,859,400  =  4,885,296  B.t.u. 

This  would  be 

4,885,29(5 

-^ =  0.646 

7,560,000 

or  practically  65  per  cent,  of  one  hour's  requirements  un- 
der maximum  conditions  for  the  steam  system.  The  water 
system  would  have 

6,601.664  -f  1,859.400  =  1 1 ,461,064  i?./.«. 
11,401,064 


7,560,000 


1.516 


or  nearly  152  per  cent,  of  one  hour's  maximum  demand. 
On  shutting  down,  the  water  system  has  324  per  cent,  as 
much  residual  heat  as  the  steam.  The  heat  in  either  sys- 
stem  available  for  heating  after  shutting  down  before  the 
room  cools  below  70  deg.  will  be  as  follows : 

In  the  steam  system  only  the  latent  heat  of  the  stenm 
is  available  for  this  purpose,  or  970  B.t.u.  per  lb. 

•   ^^  =  21,843  /,'./... 
2  ( 

The  iron  will  contain  in  both  systems 

210,000  lb.  X  0.13  X  1-10  deg.  =  3,822,000  B.t.u. 
The  total  for  the  steam  system  will  then  be 

21,843  -f  3,822,000   =  3,843,843  B.t.u. 
The  water  after  shutting  down  at  a  temperature  tA  2lo 
deg.  will  contain  above  70  deg. 

608  X  61  X  liO  =  5,192,320  B.t.u. 
Adding  the  heat  in  the  iron  gives 

"3.822.000  +  5,192.320  =  9.ol4,3-.'0  B.l.u. 
This  will  permit  of 

9,014,320 
7,5(iO,000 

operation  at  the  maximum  rate  for  the  water  system  am 
3,843,843 


1.19  kr. 


7,560,000 


=  0.508 


or  51  per  cent,  of  one  hour's  operation  for  the  steam  sys- 
tem. The  water  system  has  21/;}  times  as  much  heal  as 
the  steam  system,  so  if  the  period  of  shutdown  is  not  too 
long,  the  hot-water  system  will  have  less  work  to  do  when 
the  system  is  started  again.  The  steam  systeiu  has  prar- 
ticalh'  no  storage  outside  of  what  remains  in  the  cast- 
iron  radiation.  This  accounts  for  the  suddenness  with 
which  steam-heated  rooms  cool  off  when  the  radiators 
are  turned  off.  In  sheet-metal  radiators  which  weigh 
something  like  I14  1'^-  per  sq.ft.  instead  of  7  lb.  for  cast 
iron,  the  heat  storage  would  be  less  than  for  cast  iron 
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;niil    llic    tinu'   (if    lu'atiiij;-   \ip    would    he    coiisideral)!)-    rc- 

dll.lMl. 

On  (he  wnltT  system  the  jxuiipafie  has  heen  detennmeil 
I'lir  a  -iU-deff.  drop  as  6300  II).  per  iiiiii.     'I'lie  system  lon- 
taiiis  (i08  eii.l't.  of  water  at  01  Ih..  sd 
0U8  X  61 


6300 


=  ,^).S1I  III  HI. 


The  water  would  he  completely  displaced  every  (i  iniii.  The 
>leaiii  system  would  he  displaced 
7,560,000  X 


'.)70  X  608 


;i4(i 


times  per  hour  or  5.TT  times  per  min.  This  w<ndd  lie  :!t.6 
times  as  often  as  the  water  system.  'JMie  a\ailalile  heat 
units  each  time  tlie  system  is  filled  with  steam  will  be, 
as  ]ireviously  determined,  21,843  B.t.ii.  The  water  sys- 
tem has  a  variahle  ea])acity  of  heat  transmission  depend- 
ing- on  its  temperature.  This  depends  on  the  drojj  which 
increases  iu  the  heaters  and  decreases  on  the  radiation  as 
the  temperature  is  lowered  with  the  same  circulation. 
There  will  be  given  up  to  the  building  in  cooling  the  en- 
tire contents  of  the  water  .'jystem  or  will  be  introduced 
each  time  the  entire  radiation  is  raised  one  degree  in 
temperature. 

(jOS  X   61   =  31, 088  B.t.ii. 
l-\ir  the  iron  there  will  lie 

30,000  X  ^  X  l'-13  =  -.^.300  Ji.l.ii. 
This  will  mean 

64,388 


UTO  X  34.5 


=  l.'.ri  lip.  pvr  dctj.  fhaiKjp 


The  water  system  is  only  changed  a  few  degrees  in  tem- 
]>erature  while  the  steam  radiators  are  cooled  clown  en- 
tirely to  tlie  temperature  of  the  room,  70  deg.,  and  heated 
to  the  full  temperature  of  210  deg.  each  time  they  are 
turned  on.  This  would  mean  in  heat  if  each  radiator 
were  shut  off  once  per  day. 

21,843  -f  27,300  {210  —  70)   =  3.843,843  B.i.u. 
3,843,843       ^  ^  ,  ,,  , 

-^T-r i— — ;     =     114.    I    hp. 

970X34.5  •' 

If  the  water  were  changed  30  deg.  in  temperature  in 
one  day  it  would  mean  only 

l.!)2  X  30  =  57. (i  ////. 
or  less  than  half.  In  moderate  weather  the  change  on 
the  water  system  would  be  very  much  less,  while  radiators 
on  the  steam  system  would  be  turned  on  and  off  more 
frequently,  with  longer  intervals  between.  The  above  ap- 
plies to  continuous  operation,  which  is  the  method  adopted 
for  plants  of  this  size.  There  is  nothing  lost  in  either 
ease  as  the  residual  heat  is  given  citV  and  maintains  the 
room  for  a  longer  ]ierio(l  before  the  heat  is  turned  on 
again. 

Under  the  maximum  conditions  the  water  system  will 
transfer,  each  time  it  is  filled  and  emptied, 

37,088  ]l  X  20  ,/r>r;,.  =  741,760  B.l.n. 
as  against  21,843  B.t.u.  for  the  steam  system.  The  action 
of  the  two  systems  in  heating  up  is  somewhat  different. 
The  water  system  is  at  nearly  the  same  temperature 
throughout  and  when  heating  rooms  the  radiators  are 
heated  gradually  all  at  the  same  time.  In  the  steam  sys- 
tem all  radiators  are  heated  from  minimum  to  maximum 
one  at  a  time.  The  water  job  may  take  2  hr.  to  heat  up, 
but  all  rooms  will  receive  a  portion  of  the  heat  at  the 
same  time,  while   it   will   be   nearlv  the  full   interval   of 


time   bcfoi'e   the   last    radiatcir   mi    the   steam   joli   receives 
any  heat  at  all. 

The  time  necessary  to  raise  the  iniihling  from  In 
outside  and  in  to  70  deg.  in  the  rooms  with  a  tempera 
ture  on  either  system  not  exceeding  210  deg.  at  any  tinw 
will  be  determined.  A  temperature  of  40  deg.  was  as 
sumed  because  if  the  building  was  at  a  lower  temperatun 
with  a  lower  outside  temperature  either  .system  would  b( 
incapable  of  raising  the  rooms  to  70  deg.  until  the  weathe: 
became  warmer  or  the  pressure  and  temperature  and  boile 
jiower  were  increased  for  the  time  being.  It  has  been  de 
termiued  that  7,560,000  B.t.u.  is  required  to  re])lace  th 
heat  loss  of  the  building  at  70  deg.  inside  and  zero  out 
side.  This  capacity  per  hour  cannot  be  increased  on  tb 
steam  system  without  changing  the  pressure  and  tempera 
lure.  The  rate  per  degree  per  minute  would  be 
7,560,000 
60  X  70 

If  the  heat  lo.ss  from  the  building  is  being  replaced  at  th 
same  time  the  temperature  of  the  rooms  is  being  raise 
it  will  take  3600  B.t.u.  per  deg.  raise  per  min.  The 
])acity  of  the  steam  mains  at  the  temperature  named  wil 
he  !»()(i(i  lb.  per  hr..  which  will  supply  8,730,000  B.t.u,  ])er5 
hr.,  (ir  1  15, 500  B.t.u.  per  min.  The  iron  in  the  job  will 
re(piire 

30.000  X  '^  X  <'-13  (210  —  40)   =  4.641.0(111  HA.u. 

To  find  the  total  heat  required  to  raise  the  steam  sys- 
tem from  40  to  210  deg.  with  a  steam  temperature  of  210 
deg.  at  a  rate  of  145,500  B.t.u.  per  min.,  divide  the  seri'- 
of  radiators  and  the  heat  required  for  the  cast  iron  \\ 
three  parts. 

4,641,000 


3 


1,547,000  B.t.u. 


The  first  section  of  lO.iiOi)  .~;q.ft.  will  radiate  heat  at  an 

average  of  .say  50  deg.  and  will  take 

10,000  X  1-8  (210  —  50)  =  2,880,000  B.i.u.  per  hr. 

2,880,0(10 

-^ =  48,000  B.t.u.  per  huh 

60  ' 

The  iron  in  the  first  section  will  heat  up  in 
1,547,000 
145,500  -  48,000  =  ^'''  """■ 

A\'licn  the  second  section  is  heating  up  it  will  he  uecessaJ 
to  supply  the  radiation  iu  the  first  and  second  sectioa 
f.nd  the  iron  in  the  second  section.  The  radiation  of 
.second  section  at  60  deg.  will  require 

10,000  X  1.8  (210  —  60)  =  2,700. )  B.i.u.  per  hr. 

2,700,000 


60 


=  45, (Mill  H.I.H.  per  min. 


1,547.1100 


=  2ii.5 


145,500  —  (48,000  -\-  45,000) 

AVhen  the  third  section  is  heating  up.  the  radiation  atj 
deg.  will  require 

10,000   X    1.8    (210  —  70)    =   2.520.000   B.i.u.  per 
2,520,000 


60 


42,000  H.t.ii.  per  min. 


=  147.4  mi 


1,547,000 
145,500  —  (48,()(X1  -I-  45,000  +  42,000) 

The  total  time  will  then  be 

15.0  +  20.5  +  147.3  =  102.8  min.  =  3.21 
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The  heat  dolivcriMl  to  the  n»mi  will  he  appnixiniately 

B.t.n. 
lo.'.i  X    4,s,oi)()  =        ;o:5,20{) 
2'.). 5  X     '.io,n(M)   =     '^,74:5,o()(( 
14T.4  X  i:)5,(iiio  =  i!),8!i:i,()(Mi 


■2:i, 40.5, Tun 
mill.,  tiie  rndiatini;- 


Jco.  rl 


At  a  rate  of  .'SCDO  H.t.u.  pet 
will  gi\e  off 

]!)2.S   X   ">()00  =  694,080  n.f.u.  I 
>~o  that  the  rise  in  the  temperature  will  he 
2.3,405,7t)O 

"ImTisrT  =  -'^  '''"■!■ 

and  the  rooms  will  he  at  a  tem]ierature  of  40  -|-  34  =  74 
fleg.  This,  of  course,  contemplates  no  increase  in  pressure 
or  temperature  of  the  steam. 

The  time  of  heating  u]!  in  hoth  systems  should  be  cal- 
culated hy  calculus,  using  infinitesimal  increments  of 
radiation  for  the  steam  and  temperatures  for  the  ^Fater,  as 
the  smaller  these  increments  are  the  nearer  accurate  the 
summation  of  the  series.  The  method  followed  is  more 
simple,  however,  and  near  enough  for  ])urposes  of  com- 
parison. 

The  table  gives  the  time  of  heating  up  with  a  hot-water 
sj'stem  worked  out  along  the  same  lines.  As  the  water 
starts  off  at  40  deg.,  the  heater  capacity  is  enormously  in- 
erea.sed  as  shown  in  cols.  IV,  \  and  VI.  The  boiler  horise- 
power  is  given  in  col.  VIIT.  Auy  reduction  in  this  will 
increase  the  length  of  time  required.  Average  and  final 
temperatures  of  water  are  given  in  eol.  IX.  The  R.t.u. 
required  for  the  iron  and  water  arc  given  in  cols.  X,  XI 
and  XII.  The  rate  of  transmission  of  heat  is  given  in 
cols.  XIII,  XIV  and  XV  aiiul  the  time  for  each  period 
in  minutes  in  col.  XVI.  The  total  time  required  is  152 
min.  The  total  rise  in  temperature  of  the  room  is  given 
in  col.  XVIII  as  29.964  deg.  The  last  quantity  in  col. 
XVI,  50  min.,  was  assumed  as  the  time  to  actually  raise 
the  room  to  70  deg.,  would  be  indefinite  if  considered 
theoretically. 

The  action  of  the  two  systems  is  as  follows:  The 
steam  has  the  maximum  transmission  of  heat  from  the 
radiators  at  the  beginning,  while  the  water  is  ma.ximuni  at 
the  final  period.  The  steam  system  will  have  required 
23,392,200  B.t.u.  in  192.7  min.  and  the  water  25,911,274 
B.t.u.  in  152.6  min. 

Primarily  both  systems  depend  on  the  available  boiler 
power  in  the  building.  The  high  horsepower  for  the  water 
system,  567,  is  only  required  for  15  min.  It  would  be  im- 
possible on  the  steam  system  to  introduce  the  heat  more 
rapidly  without  a  change  in  pressure  and  temperature. 
As  a  matter  of  practical  operation  the  water  system  when 
starting  off  at  the  beginning  of  the  heating  season  would 
require  foi-  the  water  the  minimum  temperature  of  120 
deg.  This  would  veipiire  a  tran.smission  to  the  building  of 
2,400.000  l',.t.u.  To  i-aisc  the  iron  to  120  deg.  from,  say.  7o 
deg..  would  take 

30.000   X   50   X   0.13   X   7  =   1,365.000 
The  water  won'd  re(|uii-e 

nos    X    50    X    61    =    1.854.400 
making  a  total  of  3.210.400  B.t.u.     The  rate  of  Iransmis- 

.      ^     ,     2,400,000 
sion  )ier  minute  i? 


60 


=  40.000  R.(. 


The  tiiiH 


of  hc-itiiicr  up  the  iron  at  a  rate  in  the  healer  of  264,000 
B.t.u.  ]ier  min.  will  be 
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:3,210,400 


=  14.4  in  in. 


264,000  —  40,00(1 
For  the  steam  system  it  will  require  ;i.21  lir.  before  the 
iron  ill  all  the  radiators  is  up  U\  -ili)  ileg.,  the  tempera- 
ture of  the  medium. 

In  aetual  praetiee  the  steam  cdnsumplion  of  tlu>  steam 
system  witli  automatie  control  and  the  hot-water  system 
system  wouki  he  ])ractically  the  same  under  eonlinuous 
operation,  but  the  advantage  would  lay  with  the  water 
system  in  moderate  weather  (To  per  eent.  of  the  time) 
ill  its  ability  to  utilize  exhaust  steam  under  temperatures 
eorresponding  to  fair  vacuums.  The  temperature  at  which 
the  steam  is  utilized  in  the  vacuum  system  would  be  con- 
stant and  near  215  deg.  regardless  of  tlie  requirements. 

The  discussion  shows  that  the  water  system  will  resist 
freezing  longer,  maintain  the  temperature  of  the  rooms 
longer  after  a  shutdown,  and  can  be  heated  up  qui'-ker 
than  a  vacuum  steam  .system  unless  the  ])ressure  and  tem- 
perature of  the  steam  are  increased. 

Flow  of  Water  in  Shunted  Radiators 

Some  time  ago  ilr.  Durand,  in  his  criticism  of  Mr. 
Brewster's  article  on  the  flow  of  water  through  radiators 
connected  in  shunt  with  the  supply  main  of  a  forced 
hot-water  system,  presented  a  view  of  the  subiect  quite  as 
incorrect  as  that  in  the  article  criticized.  Both  theories 
are  wrong  because  each  disregards  the  basis  of  the  other. 

Mr.  Brewster's  idea,  that  the  flow  in  the  shunt  is  [iro- 
duced  solely  by  the  difference  in  the  weights  of  the  as- 
cending and  descending  columns  of  water  A-B  and  C-D, 
Fig.  1,  is  incomplete  in  that  it  does  not  take  into  account 
the  differential  pressure  produced  by  the  friction  of  the 
shunted  portion  of  the  main  E-F,  and  would  in  most 
cases  lead  to  the  use  of  excessively  large  radiator  branches. 
However,  a  system  designed  on  this  basis  would  operate 
satisfactorily  but  with  a  temperature  drop  in  the  shunt 
circuit  inucli  smaller  than  that  expected  by  the  designer. 

Mr.  Durand's  contention  that  there  would  be  no  cir- 
culation if  a  tank  were  substituted  for  the  supply  main 
and  the  radiator  branches  were  left  uncovered,  is  dis- 
])roved  by  the  many  gravity  hot-water  systems  now  in 
operation  in  which  none  of  the  piping  is  covered.  To 
demonstrate  more  positively  that  there  will  be  a  flow  un- 
der these  conditions,  it  would  be  well  for  those  still  in 
doubt  to  try  the  following  simide  exjierimcnt  which  will 
show  the  action  very  clearly: 

In  Fig.  2,  C  is  a  receptacle  fllled  with  warm  water, 
cdhired  by  adding  a  few  drops  of  ink,  and  A-B  is  a  siphon 
formed  of  Vi-in.  glass  tubing.  A-B  is  filled  with  clear, 
cold  water,  care  being  taken  to  drive  out  all  air  bubbles, 
then  inverted  and  held  so  that  both  ends  come  below  the 
surface  of  the  colored  warm  water.  Upon  removing  the 
fingers  from  the  ends  of  the  tube  it  will  be  found  that  the 
colored  water  will  rise  in  one  of  the  vertical  sections  and 
in  a  few  seconds  fill  the  entire  circuit.  Circulation  will 
continue  as  long  as  the  water  in  the  receptacle  is  kept 
warm.  The  substitution  of  iron  pipe  for  the  glass  tube 
will  in  no  way  alter  the  conditions  and  the  introduction 
<if  a  radiator  in  the  circuit  will  tend  only  to  accelerate  the 
Hdw  by  causing  a  greater  temperature  drop. 

In  Fig.  1  we  have  the  condition  generally  met  with 
in  singlr-pipe  work  and  one  in  which  the  gravity  head 
plays  Inii  a  very  small  part.    Assume  height  A-B  as  2  ft., 


water  temiierature  at  .4  2UU  deg.  and  at  ('  ISO  deg.  The 
available  gravity  head  will  be  0.016  ft.  while  the  diff.T- 
ential  due  to  the  resistance  of  the  shunted  portion  of  the 
supply  main  will  usually  range  between  0.1  and  1  ft.. 
dependii'g  upon  the  distance  E-F,  size  of  main  and  vein. 
ity  of  flow.  In  such  cases  it  is  well  to  neglect  the  gravii 
head  entirely  and  let  it  take  its  place  as  a  safety  factor. 

Fig.  3.  on   the  other  hand,  presents  quite  a   different 
view  of  the  subject.     Height  A-B  is  now  30  ft.  and  the 
available  differential  due  to  E-F  is  0.2   ft.     With  wat' 
temperatures  of  200  deg.  at  .1   and   ISO  deg.  at  ('  th.  i 
will  be  a  working  gravity  head  of  0.24  ft.,  making  i! 
circuit  cai)able  of  passing  a  quantit}-  of  water  sulRcii  i 
to  heat  50  per  cent,  more  radiating  surface  than  would 
be  possible  if  the  gravity  head  did  not  exist.     It   is  not 
well,  however,  to  allow  the  gravity  head  in  such  a  circuit 
to  greatly  outweigh  the  differential  produced  by  E-F  as 
the  circulation  is  liable  to  become  sluggish  with  the  low- 
water  teini)eratures  used  in  mild  weather  and  lead  to  \>uu'- 
heat  distribution  among  the  various  radiators,  especially 
those  placed   at   widely   varying  elevations  above  a  cdui- 
moii  sn|iply  main. 

Fig.  4  illustrates  a  form  of  connection  in  which  a  cap 
ful  consideration  of  the  gravity  head  becomes  of  tl.' 
highest  importance.  In  this  case  it  does  not  act  as  au 
auxiliary  to  the  differential  produced  by  E-F  but  as  a 
stubborn  negative  force.  Assume  A-B  as  15  ft.,  differ- 
ential due  to  E-F  0.2  ft.  and  temperature  of  water  in 
main  200  deg.     Valve  X  is  closed  and  the  water  tempera- 
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ture  in  the  radiator  and  its  branches  is  TO  deg.  Valve  A 
is  now  o]iened  and  the  0.2  ft.  differential  allowed  i" 
force  hot  water  from  E  toward  B.  The  descending  i. 
umu  of  200-deg.  water  will  move  to  a  point  P  which,  i 
there  are  no  heat  losses  from  E-B.  will  be  located  at  a  di- 
tance  of  about  6  ft.  below  .1.  Further  flow  will  now  '" 
iiii]i()ssiMe  as  the  difference  in  the  weights  of  colunii  ■ 
A -I'  and  ('-/"  is  exactly  equal  to  the  available  0.2  i 
dift'erential.  Actually  there  will  always  be  heat  los- 
from  E-B  which  will  lower  the  temperature  of  the  wai- 
column  A-P  and  gradually  bring  plane  P-P'  to  the  levei 
of  the  supply  tapping  B  of  the  radiator  with  a  tempera- 
ture of  a  trifle  over  70  deg.  at  B.  The  rate  of  flow  will 
lie  infinitesimal  and  the  radiator  will  remain  cold.  In 
dealing  with  a  case  of  this  kind,  distance  E-F,  size  of 
main  and  velocity  of  flow  must  be  .so  proportioned  that 
the  differential  due  to  E-F  will  be  sufficient  to  overcome 
the  gravity  head  plus  the  frictional  resistance  of  the  cir- 
cuit. This  frictional  resistance  need  not  be  taken  as  that 
produced  at  maximum  flow  as  the  opposing  force  of  the 
gravity  head  will  fall  to  a  small  fraction  of  its  original 
value  after  flow  has  been  established. 

II.    .V.    K[i:SELBAC'H. 

Brooklvn.  N.  Y. 
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Choice  of  Fuel 

Certain  parts  of  boiler-lionso  cquipiiiont  are,  or  should 
be,  selected  according  to  the  character  of  fuel  burned. 
The  same  is  true  of  the  general  layout  of  the  plant  itself 
as  well  as  the  design  of  the  boiler  furnace  and  many 
other  things  directly  controlled  by  the  fuel.  There- 
fore the  character  of  the  fuel  should  be  determined  in 
advance  of  the  construction  of  the  plant.  If  this  cannot 
be  done  the  characteristics  of  the  several  availalile  fuels 
may  be  investigated  to  determine  whether  the  choice  will 
not  narrow  down  to  a  very  few  varieties  so  that  their 
peculiarities  as  a  whole  may  receive  proper  consideration. 

There  are  many  diifereut  kinds  of  coal,  but  the  value 
of  any  kind  is  measured  by  its  capacity  to  produce  heat, 
or  the  number  of  pounds  of  water  a  pound  of  it  will 
evaporate  as  compared  with  its  competitors.  This  gen- 
erally should  determine  the  choice.  Often  it  is  not  easy 
to  decide,  particularly  when  the  available  coals  ditt'cr 
widely  in  physical  characteristics  as  well  as  iu  chemical 
composition. 

For  example,  a  long-flame  loal  will  require  a  larger 
furnace  than  a  short  flame  coal.  The  volatile,  ash  and 
sul|jliur  content  will  materially  influence  the  selection  of 
equipment.  Other  peculiarities  of  coal  may  be  of  minor 
importance  sometimes  and  at  others  be  the  deciding  fac- 
tors in  determining  the  selection.  Some  of  these  are: 
the  relative  ability  of  the  coal  tn  bear  transportation  and 
rough  handling,  its  deterioration  froiu  weather  exposure, 
tendency  to  spontaneous  combustion  in  storage,  etc. 

Where  the  plant  is  near  enough  to  the  anthracite  fields 
such  coal  is  often  preferi'ed.  Then  tlie  choice  is  restricted 
to  the  selection  of  the  particular  kind  and  grade — the 
main  issue  probably  being  the  size,  pea  or  buckwheat. 
Of  these  two,  probably  the  latter,  if  of  good  quality, 
reasonably  free  from  slate,  etc.,  will  prove  more  econom- 
ical than  the  larger  size.  Buckwheat  generally  requires 
more  grate  area  to  burn  without  forcing  the  fires. 

Where  natural  gas  or  oil  is  available  at  a  reasonable 
figure,  it  may  be  expedient  to  use  one  or  the  other  in- 
stead of  coal.  The  selection  of  proper  boiler-house  equip- 
ment is  then  usually  easy,  although  not  always  free  from 
complexities.  Attention  must  be  given  to  the  probable 
future  cost  as  compared  with  coal  and  to  the  element  of 
permanency,  or  probable  duration,   of  the  supjily. 

Both  oil  and  gas  as  fuels  have  their  advantages  and 
incidental  economies  often  make  tliem  chea])er  than  coal, 
even  when  their  cost,  compared  on  a  thermal  liasis,  is 
much  higher.  Cleanliness  and  absence  of  dirt,  smoke  and 
ashes,  are  considerations  as  well  as  low  labor  costs  and 
ability  to  raise  steam  quickly,  maintain  a  constant  pres- 
sure and  instantly  bring  the  plant  up  to  its  maximum 
capacity.  On  the  other  band  there  is  the  risk  of  a  per- 
manently exhaust  fuel  supply  or  of  its  temporary  cur- 
tailment. There  is  also  more  or  less  fire  risk  in  con- 
nection with  oil  or  gas  firing,  but  particularly  with  the 
former  when  carried  in  storage. 


As  a  rule  where  a  new  plant  is  to  burn  eitiier  oil  or 
gas  it  should  be  designed  and  arranged  so  that  it  can  be 
quickly  and  cheaply  changed  to  burn  coal. 

The  size  as  well  as  the  location  of  the  plant  often  go\- 
erii  the  selection  of  fuel.  If  small,  so  that  the  total 
cost  of  fuel  is  not  important,  considerations  of  cleanliness 
and  convenience  may  outweigh  that  of  cost.  If  in  a  city 
or  town  near  residi'iu-es.  or  at  industrial  plants  where 
smoke  and  soot  are  particularly  objeclioiiabli-.  the  use 
of  anthracite  coal,  gas,  oil  or  coke,  all  of  which  have 
merits  especially  commending  them  for  use  in  such  plants, 
is  entirely  justifiable. 

Producer  gas  for  firing  l)oilers  has  received  but  scant 
consideration  up  to  the  present,  possilily  because  gas  pro- 
ducers apparently  have  not  reached  an  efficiency  and 
economy  that  M'ould  warrant  such  use  of  the  gas  or  be- 
cause its  direct  use  in  gas  engines  seems  more  logical. 
In  a  few  isolated  cases  producer  gas  may  be  used  for 
steaming  purposes  to  advantage,  as,  for  example,  where 
the  gas  is  made  in  very  large  quantities  'for  metallurgical 
rurnaces  or  for  other  purposes.  In  such  cases  it  might 
be  good  policy  to  operate  the  boilers  with  the  same  kind 
of  fuel,  if  the  quantity  required  is  small  in  comiiarison 
with  the  total  amount  produced. 

Integral   Boiler  Shells 

The  introduction  and  dcvcloiuncnt  uf  electric  and 
autogenous  welding  naturally  suggest  the  passing  of  the 
riveted  joint  on  boilers  and  other  vessels  under  pres- 
sure. A  weld  may  be  made  by  either  of  these  processes 
which  has  the  full  strength  of  the  sheet,  and  if  one 
lould  only  know  that  this  had  lieen  done,  that  a  sheet 
or  sheets  could  be  joined  ami  rolled  into  a  pei'fect  cylin- 
der with  no  irregularity  of  surfaci',  stronger  than  a 
riveted  shell  of  the  same  thickness,  and  I'l'ce  I'ldni  the 
hidden  crack  of  even  tlie  butt-strapped  riveted  joint, 
ihe  ideal  in  shell  construction  would  seem  reached. 

But  who  shall  say  if  the  weld  is  perfect?  A  riveted 
joint  with  modern  shop  methods  must  have,  initially  at 
least,  about  the  calculated  efficiency.  Drifting  and 
sledging  may  impair  the  integrity  of  the  material  and 
lack  of  rotundity  may  allow  continual  working  which 
may  result  in  fracture,  but  one  may  justly  feel  a  con- 
siderable degree  of  confidence  that  two  sheets  held  to- 
gethei-  with  well-driven  i-i\cts  will  require  ]n'etty  nearly 
the  calculated  stress  to  part  tlieni.  With  the  weld,  how- 
ever, it  is  largely  a  matter  of  I'aitb.  A  lit  lie  lan-less  use 
of  the  flame  and  the  metal  is  burned,  its  sfructure  com- 
pletely changed  and  its  tenacity  impaired:  a  l"ailiire  to 
obtain  a  comjilefe  union,  any  impurities  upon  the  sur- 
laces,  and  you  have  already  an  incipient  crack;  and  so 
far  as  is  yet  known  there  is  no  way  to  tell  how  good 
the  weld  is  without  pulling  it  apart. 

Professor  Kautny,  of  Niirnberg,  who  lias  done  more 
than  any  other  to  develoji  the  art  of  autogenous  welding 
and  to  find  new  applications  for  it,  has  incurred  the  im- 
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itieiit  critioi.sm  of  the  promoters  of  such  systems  and 
ppliaiioes  by  taking  a  firm  stand  against  the  use  of 
ch  welding  for  pressure  vessels  until  a  method  is  de- 
loped   for   proving  the   integrity   of   the   weld.     Some 

our  readers  may  be  able  to  suggest  such  a  method. 

prize  contest  has  developed  suggestions  ba.sed  on  elec- 
ical  and  heat  conductivity,  vibration,  sound,  etc.  Ex- 
usonieter  tests  might  be  illuminating.  Welding  is  being 
tensively  and  successfully  used  in  joining  fittings  to 
5am  mains,  receivers,  etc.,  in  an  effort  to  avoid  joints 
id  reduce  maintenance.  Who  shall  say  how  far  we  may 
I  in  this  direction  ? 

It  is  physically  possible  to  do  away  with  the  joint 
together,  riveted  or  welded.  The  Eussian  Government 
IS  some  boilers  building  the  shells  or  drums  of  which 
e  made  by  boring  out  a  forging  some  two  and  a  half 
et  in  diameter  until  only  a  shell  of  something  over  an 
ch  is  left.  Seamless  tubes  are  drawn  up  to  ten  or 
elve  inches  in  diameter  and  could  be  drawn  larger  if  it 
)uld  pay.  Krupp  got  his  start  by  rolling  jointless  loco- 
otive  tires.  He  could  roll  cylinders  too  if  there  were 
demand  for  them  backed  up  with  sufficient  cash. 
The  development  of  the  steam  boiler  is  in  the  direction 

smaller  shells,  making  the  passing  of  the  rivet  more 

a  po.ssibility. 

The  Better  Attitude 

An  operating  engineer  sometimes  gets  the  idea  into 
s  head  that  the  "consulting  engineer"  is  a  dangerous 
ctor  in  the  field  of  power-plant  engineering.  He  de- 
lops  a  kind  of  vague  and  indefinite  fear  that  he  stands 

constant  danger  of  losing  his  place  on  account  of  the 
lations  of  some  consulting  engineer  with  the  manage- 
ent  of  his  plant,  and  when  the  consulting  engineer 
idertakes  any  tests  of  the  plant  he  thinks  the  danger 
IS  become  acute,  and  lie  fails  to  cooperate  in  the  w-ork 

investigation  and  improvement. 

Nothing  could  be  farther  from  the  truth  than  this  fear, 
id  no  action  on  the  part  of  the  operating  engineer 
luld  be  more  damaging  or  dangerous  to  his  cause  than 

this  failure  to  cooperate. 

Here  is  a  story  from  "real  life"  that  bears  out  the 
■gunient. 

The  engineer  of  a  small  planL  within  fifty  miles  of 
ew  York  had  two  boilers  in  service  running  at  about 
df  their  capacity,  and  evaporating  a  trifle  more  than 
X  pounds  of  water  per  pound  of  soft  coal  having  a 
;at  value  of  13,400  heat  units.  A  consulting  engineer 
as  called  in,  and  his  expert  combustion  man  taught  the 
igineer  of  the  plant  how  to  fire  the  boilers  so  that  an 
'tual  evaporation  of  eight  and  one-half  pounds  of  water 
?r  pound  of  coal  was  secured,  thus  effecting  a  saving  of 
jarly  thirty  per  cent,  in  the  fuel  cost. 

The  engineer  is  still  on  his  job,  happy  over  the  im- 
rovement  made  in  the  operation  and  giving  satisfactory 
■rvice  because  his  practice  in  the  boiler  room  is  now 
1  line  with  the  latest  information  and  experience. 

What  would  have  happened  to  this  engineer  if  he  had 
liled  to  cooperate  in  this  move  and  declined  to  accept 
istructions  from  the  expert  combustion  engineer?  Dis- 
lissal,  almost  certainly. 

And,  as  knowledge  of  smokeless  and  less  wasteful  com- 
istion  becomes  more  general  among  manufacturers  and 
:her  power-plant  owners,  there  will  be  an  ever  increasing 


number  of  plant  examinations  and  improvements.  Engi- 
neers who  have  been  "jogging  along"  at  the  old  rate  will 
be  forced  to  wake  up,  bring  their  practice  up  to  date, 
and  live  up  to  the  new  standard.  Wise  and  progressive 
operating  engineers  will  take  the  steps  along  the  line  of 
improvement  in  this  branch  of  their  work  before  their 
employers  "get  wise"  and  make  a  demand  for  it.  The 
operating  engineer  had  better  make  the  discovery  of  weak- 
ness for  hini-self,  choo.se  his  own  doctor  and  get  the  credit 
of  effecting  the  cure,  than  to  wait  for  his  employer  to 
discover  it,  select  the  physician  and  force  the  cure. 


Factory  Fire-Chiefship 

The  recent  fire  at  Bingluunton,  X.  Y.,  in  which  more 
than  fifty  girls  lost  their  lives,  is  another  demonstration 
that,  despite  the  good  work  of  various  factory  commis- 
sions, numerous  fire  traps  still  exist  in  violation  of  law. 
It  is  claimed  that  this  fire  did  not  last  more  than  twenty 
minutes,  yet  the  inflammable  material  of  which  the  struc- 
ture was  made  and  with  which  it  was  littered  spread  the 
flames  as  rapidly  as  would  celluloid.  There  will  be  an 
investigation,  but  what  real  good  will  come  of  it  is  diffi- 
cult to  even  conjecture.     Somebody  is  to  blame. 

In  many  factories,  mills  and  office  buildings  the  man- 
agement would  make  the  engineer  chief  of  the  factory 
fire  department.  Some  factory  commissions  and  those  in 
charge  of  state  supervision  of  factories  encourage  this 
because  they  appreciate  that  his  training  as  an  engineer 
well  qualifies  him  for  the  duties. 

This  is  all  right  if  the  engineer  has  time  to  care  for 
and  train  the  organization.  Engineers  who  are  now-  do- 
ing this  work  and  those  whom  the  management  want  to 
assume  such  responsibilities  should  make  sure  that  they 
can  properly  care  for  the  power  plant  while  discharging 
the  duties  of  factory  fire  chief. 

Should  an  engineer  take  such  work  upon  himself,  let 
him  understand  that  the  .state  will  hold  him  morally  re- 
sponsible but  perhaps  not  legally  so,  for  any  serious  fire 
in  his  factory.  Every  engineer  knows  how  difficult  it  is 
to  get  the  average  management  to  purchase  the  labor-  and 
money-saving  apparatus  for  the  power  plant.  Is  it  to  be 
assumed  that  there  will  be  less  hesitation  about  putting  in 
iron  stairways,  fire-doors,  etc.,  and  making  more  exitsJ 
when  the  fire  chief  points  out  the  necessity  for  such 
things?  Should  a  fire  break  out  in  the  meantime,  caus-j 
ing  loss  of  life  in  sufficient  numbers  to  warrant  an  in4 
quiry,  will  it  be  easy  to  prove  that  the  factory  fire  chieJ 
did  all  he  could  to  prevent  it? 


"Advantages  and  Applications  of  the  Low-Pressure 
Steam  Turbine"  was  the  subject  assigned  for  the  Still-I 
man  prize  paper,  open  to  competition  among  members  ol 
this  year's  graduating  class  of  the  Stevens  Institute  on 
Technology.  On  page  220  of  this  issue  will  be  found 
an  abstract  of  the  paper  for  which  the  prize  was  awardedJ 
Our  readers  who  are  especially  interested  in  the  place 
which  is  occupied  in  the  power  field  by  the  low-pressure 
steam  turbine,  if  not  instructed,  will  at  least  be  enterj 
tained  by  the  author's  review  of  the  subject.  It  stril 
ingly  shows  the  proficiency  which  students  of  a  pionee 
school  of  engineering  may  attain  in  the  discussion  of 
broad  subject  of  modern  practice. 


Aiijrust  12,  1913 
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Novel  Control  of  Steam  for  Pump 

There  have  appeared  lately  in  Power  a  number  of 
pump-indicator  diagrams,  which  recall  to  my  mind  a 
method  of  pump  control  by  a  novel  distribution  of  steam 
within  its  cylinder.  The  pump  not  being  piped  for  an 
Liidicator,  no  diagrams  can  be  shown,  but  had  some  been 
taken  they  would  reveal  operating  conditions  as  outlined 
in  Fig.  1.  It  will  be  noticed  that  a  cutoff  of  steam  is 
effected,  and  that  expansion  for  half  the  stroke  is  shown, 
but  the  back  pressure  dissipates  the  economy. 

AMu'n  a  new  feed  pump  was  installed  in  a  certain  plant 
the  engineer  piped  the  old  jjump  to  supply  water  to  a 
large  tank  on  the  roof.  Experiencing  some  difficulty  in 
regulating  it,  as  the  steam  piston  was  of  such  an  area 
that  by  computation  25  lb.  was  sufRcient  pressure  to  op- 
erate it,  he  attempted  to  control  the  steam  distribution 
by  cutting  off  at  half  stroke,  and  compelling  the  piston 
to  continue  on  by  expansion  of  the  steam  behind  it.    The 


Valve  for  V.\rying  the  Back  Pressure  on  the 
Exhaust  from  a  Pump  Cylinder 

throttle  pressure  was  50  lb.,  being  the  boiler  pressure 
lowered  to  the  limit  of  a  reducing  valve. 

Having  an  old  2-in.  superheat  valve,  he  piped  it  to  the 
exhaust  outlet,  and  made  such  changes  in  its  exposed  gear 
as  would  cause  it  to  maintain  25  lb.  back  pressure  for 
half  the  stroke,  and  thence  gradually  to  lower  the  pres- 
sure to  zero.  He  accomplished  this  by  sawing  the  valve 
stem  in  two,  and  interposing  the  spool  A,  Fig.  2,  which  is 
ainned  to  the  upper  half  of  the  stem,  while  allowing  the 
jower  stem  to  move  freely  a  certain  distance  within  the 
30Te.  The  right  pressure  on  the  valve  disk  was  obtained 
Dy  manipulating  the  nut  that  governs  the  compression  on 
.he  two  .springs  shown. 

t  Xow  if  the  spool  A  be  raised  slowly  by  hand  the  valve 
tlisk  will  retain  its  seat  for  a  time,  but  the  tension  of  the 
lower  spring  will  be  gradually  relieved,  and  finally  the 
I'lisk  itself  will  be  lifted  when  the  bottom  edge  of  the  slot 
n  the  spool  comes  in  contact  with  the  lifting  pin  B.  This 


was  accomplished  mechanically  by  the  use  of  the  two  cams 
('  and  D  mounted  on  the  shaft  E.  To  the  other  end  of 
this  shaft  are  secured  the  irregularly  shaped  bell-crank 
arms  F  and  0,  which  are  caused  to  rock  back  and  forth 
by  the  roller  H,  on  the  tappet  arm  of  the  pump,  coming 
in  contact  alternately  with  each  at  half  stroke.  The  shaft 
E  is  supported  by  a  bearing  (not  shown)  attached  to  a 
standard  secured  to  the  catch  basin  of  the  pump. 

The  operation  is  as  follows : 

When  the  piston  stands  at  the  end  of  the  stroke,  the 
position  of  the  parts  of  the  device  is  as  shown  in  the 
sketch.  The  valve  carrying  the  auxiliary  piston  has  opened 
the  steam  port,  and  the  exhaust  is  free  to  leave  the  cyl- 
inder. But  as  the  improvised  back-pressure  valve  is 
closed,  only  an  amount  such  as  will  reduce  the  exhaust 
pressure  to  25  lb.  can  escape.  During  the  first  half  of  the 
stroke  the  piston  is  moved  by  a  motive  pressure  of  50 
lb.,  against  a  fluttering  counter-pressure  of  25  lb.,  which 
leaves  25  lb.  as  the  effective  pressure. 

At  the  half-stroke  position  the  steam  valve  closes  and 
the  roller  H,  engaging  with  the  arm  G,  starts  to  rock  the 
shaft  E.  If  two  indicators  were  in  use  the  lines  of  the 
diagram  (Fig.  1)  recorded  thus  far  would  be  ^.4  (admis- 
sion), AB  (steam)  and  CD  (back  pressure).  From  this 
middle  point  the  steam  expands  and  the  expansion  line 
BF  is  described.  Likewise,  as  the  shaft  E  is  rocked,  and 
the  cam  D  in  consequence  lifts  the  spool  and  gradually 
relieves  the  pressure  on  the  valve  disk,  the  back  pressure 
is  lowered,  and  the  apparent  expansion  line  DG  is  formed. 
Thus  theoretically  there  exists  an  effective  pressure  of 
aljout  25  lb.  throughout  the  stroke. 

The  shape  of  the  cams  is  such  that  just  as  the  tappet 
arm  of  the  pump  strikes  the  tappet  the  back-pressure 
valve  closes  quickly,  and  the  cams  assume  the  position 
shown  in  Fig.  3. 

On  the  return  stroke  the  conditions  are  the  same — the 
roller  on  the  tappet  arm  then  comes  in  contact  at  half 
stroke  with  the  rocker-arm  F.  and  the  cam  C  now  re- 
lieves the  back  pressure,  while  the  cam  D  returns  to  its 
starting  position  by  the  action  of  the  small  spring  M 
(Fig.  3),  which  connects  it  to  the  setscrew  of  the  collar. 
The  dotted  lines  running  from  the  keys  NN  indicate  jjor- 
tions  cut  off  the  cam  to  allow  of  this  return. 

R.  0.  Richards. 

Framingham,  Mass. 


Burning  Crude  Oil 

I  have  read  articles  describing  various  methods  of 
burning  fuel  or  crude  oil,  but  have  never  seen  anything 
resembling  the  method  used  in  the  plant  where  I  am  em- 
]doyed,  which  contains  four  250-hp.  water-tube  boilers. 
One  is  out  of  service  most  of  the  time  for  washing,  on 
account  of  bad  water,  leaving  only  three  boilers  avail- 
able for  constant  service.  These  must  develop  up  to 
225  per  cent,  of  the  rated  capacity  to  handle  the  load. 
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■liich  at  times  ilrops  U)  tlic  normal  rated  capacity  of  the 
oilers. 

After  trying  out  different  furnaces  and  burners  with 
arious  degrees  of  success,  but  still  i)eing  unable  to  get 
he  required  amount  of  steam  without  making  black 
moke,  the  outfit  shown  in  the  accompanying  illustration 
'as  devised  and  installed. 

The  burners  are  composed  of  a  %-iu.  oil  pipe  inclosed 
a  a  2-in.  steam  pipe,  steam  being  used  to  heat,  vaporize 
nd  atomize  the  oil  during  its  passage  through  the  heater- 
urner,  which  extends  from  the  front  of  the  ashpit,  back 
hrough  the  same,  and  up  through  openings  in  the  bridge- 
•all  to  a  point  about  midway  between  the  slightly  in- 
lined  srate  level  and  the  boiler  tubes. 

Steam  gathers  the  vaporized  oil  as  it  is  discharged  from 
he  oil  nozzle  and  hurls  it  toward  the  front  of  the  fur- 
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lace  where  it  meets  a  supply  of  air  coming  up  through 
1  -IxG-in.  opening  in  front  of  each  burner  left  in  the 
loor  of  the  furnace.     This  air,  however,  is  not  sufficient 

0  jiroduce  com])lete  combustion;  therefore  a  secondary 
upply  is  afforded  through  the  hollow  bridge-wall,  shown 
n  section  AB :  this  air  supply  is  regulated  by  a  hand 
lamper. 

In  passing  the  secondary  air  through  the  bridge-wall 
IS  often  as  possible  before  releasing,  it  is  brought  to  the 
iighe.«t  possible  temperature,  thereby  instead  of  cooling 
he  gases  coming  to  the  combustion  chambei',  it  mixes 
vitli  and  ignites  with  all  the  unburned  gases. 

It  is  possible  to  run  with  very  low  stack  draft,  giving 

1  low  gas  velocity,  which  contributes  largely  toward  a 
ow  stack  temperature,  high  C0„  and  consequently  greater 
jfEciency  at  heavy  overloads. 

Pittsburg,  Kan.  B.  W.  Babcock. 


Feeding  Compound  to  Boilers 


Por  the  best  results,  boiler  compound  should  be  intro- 
duced regularly  and  systematically  instead  of  at  infre- 
quent intervals.  If  introduced  only  when  the  boiler  is 
shut  down,  not  only  are  the  periods  between  treatments 
too  long,  but  much  of  the  compound  is  blown  out  of  the 
boiler  in  the  course  of  ordinary  running,  long  before  a 
new  charge  is  introduced. 

To  avoid  this  condition  the  best  method  is  to  use  some 
form  of  continuous  feeding  apparatus  so  that  the  com- 
pound can  be  put  in  at  any  time  and  in  any  reasonable 
quantity.  Small  quantities  injected  daily  accomplish  the 
best  results  and  avoid  foaming.  It  is  better  to  put  in  a 
pound  a  day  regularly,  than  20  lb,  and  then  wait  ten  days 
and  "give  another  dose."  Some  means  of  introducing  the 
compound  into  the  feed  water  as  it  goes  to  the  feed  pump 
are  best.    For  this  purpose  we  use  the  outfit  illustrated. 

Supported  by  brackets  on  the  wall  of  the  boiler  room 
about  4  ft.  above  the  pump  is  a  wooden  tank  4x8x4  ft. 


OlTFIT   FOR   FEEniXO   COMPOrKD  TO  BoiLERS 

ill  which  the  compound  is  mixed  with  water  and  is  kept 
warm  and  agitated  by  a  %-in.  steam  line  feeding  a  coil 
of  perforated  pipe  on  the  bottom  of  the  tank. 

In  one  corner  of  the  tank  near  the  bottom  is  a  1- 
line  with  an  elbow  turned  up  inside  of  the  tank  and  con- 
nected to  the  drip  ell  on  the  suction  side  of  the  feed 
pump.     In  this  1-in.  line  there  is  a  valve  for  regulati: 
the  supply  of  compound  to  the  boilers.     This  method  hd 
worked  with  success  since  its  installation  and  is  feedir 
compound  to  nine  250-hp.  water-tube  boilers. 

C.   E.   Andeksox. 

Chicago,  111. 

[There  is  no  question  of  the  truth  of  the  first  statemei 
in  the  above  letter.     Compound  manufacturers  advise 
continuous  feeding  wherever  possible  and  common  sens 
indicates  the  advantage.     The  device  described  is  one 
the  simplest  and  most  evidently  satisfactory  liome-ma( 
schemes  that  has  come  to  our  attention.    We  shall  be  glad 
to  hear  from  readers  who  can  suggest  any  improvements 
on  this  arrangement. — Editor.] 
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Why  Vacuum  Is  Not  Higher 

W.  II.  Shew,  ill  tlie  June  IT  i.st;uo,  page  SG7,  fails  to 
state  the  amoimt  of  steam  that  the  surface  coiidenser  is 
to  handle  or  the  steam  consumption  of  the  engine.  Either 
of  these  data  would  assist  greatly  in  discussing  the  low 
vacuum  obtained.  Considering  the  given  information, 
it  is  apparent  that  the  condenser  is  too  small  to  handle 
all  the  exhaust  from  the  engine.  Besides  having  the 
tubes  well  packed,  the  condenser  should  be  subjected  to  a 
water  pressure  of  about  30  lb.  to  test  for  leakages  by 
the  tubes.  Tlie  fact  that  the  condensing  water  leaves 
at  90  dcg.  F.  shows  that  ample  water  is  supplied  to  the 
condenser. 

Usually  the  intake  of  a  surface  condenser  is  at  the  top 
and  the  discharge  at  the  bottom  to  allow  for  a  complete 
travel  of  the  water  in  one  direction  and  back  before 
leaving  the  condenser.  The  size  air  pump  used  in  connec- 
tion with  the  condenser  should  be  stated,  as  it  is  pos- 
sible that  the  vacuum  pump  is  not  large  enough  to  take 
care  of  the  condensed  vapors. 

The  Di:axic  Stka.m  Pump  Co. 

Holyukc,  Mass. 

Boiler-Tube  Failures 

An  account  of  an  accident  to  a  boiler  in  a  New  York 
hospital  is  given  on  page  40  of  the  July  1  issue.  Some 
of  the  conclusions  drawn  from  this  accident  are  apparent- 
ly incorrect,  and  may  mislead  some  readers  in  their  at- 
tempt to  arrive  at  the  cause  of  other  accidents  of  a  sim- 


encc  have  1  seen  a  rupture  of  the  extent  of  the  one  in 
question,  where  any  considerable  amount  of  scale  was  re- 
tained in  the  tube.  The  thinning  of  the  edges  of  the  tube 
at  the  point  of  rupture  would  indicate  that  overheating 
was  the  cause  of  the  trouble,  because  in  such  eases  the 
edges  are  nearly  always  pulled  down  to  a  knife  edge. 

Practically  the  only  way  to  tell  if  a  boiler  tube  has 
been  ruptured,  due  to  poor  material  or  to  thinning  down 
to  a  point  where  it  is  no  longer  capable  of  resisting  the 
pressure,  is  to  measure  the  circumference  of  the  tube  at 
the  rupture,  or  to  measure  what  was  the  circumference 
at  the  instant  of  failure,  and  by  comparing  this  measure- 
ment with  the  original  circumference  of  the  tube,  the 
fact  as  to  whether  the  tube  has  actually  increased  in  cir- 
cumference or  not  can  be  determined.  A  tube  that  has 
failed  on  account  of  imperfect  material  or  a  gradual  thin- 
ning down,  will  usually  measure  the  same  diameter  at 
the  point  of  rupture  as  it  would  at  any  other  point. 

The  figure  will  show  how  the  measurements  mentioned 
are  to  be  taken,  and  if  the  measurement  A  (length  of 
metal,  not  space,  between  the  ruptured  edges)  is  more 
than  that  at  B  the  tube  has  been  stretched  in  circumfer- 
ence in  rupturing,  and  such  stretching  usually  denotes 
o^■erheating  as  a  cause  of  failure.  Of  course,  a  thin  edge 
due  to  general  corrosion  of  the  tube  and  one  due  to  the 
metal  isulling  down  in  the  act  of  rupturing,  should  be 
apparenr  to  the  eye,  and  the  appearance  of  the  surfaces  of 
the  tube  at  the  rupture  will  also  usually  tell  if  overheating 
of  the  metal  lias  played  a  ]iart  in  causing  the  accident. 

J.  E.  Terman. 

ITarlfurd,   ( 'onii. 


Len^i n  beiiveen  rjptured  edges 

Til  iTURED  Boiler  Tube 

ilar  nature.  The  account  states  that  the  rip  in  the  tube 
was  12  ill.  long  and  8  in.  wide,  and  then  goes  on  to  say 
that  it  was  undoubtedly  due  to  a  defect  in  the  tube,  as 
it  was  thin  where  it  ripped.  The  article  then  states  that 
it  appears  that  the  tube  could  not  have  been  overheated 
as  there  was  plenty  of  water  in  the  boiler  and  there  was 
no  scale  in  the  tube,-  even  beyond  the  ripped  portion. 

While  it  is  risky  to  give  an  opinion  regarding  the  cause 
of  any  accident  without  having  seen  the  parts,  still  the 
evidence  in  this  case  is  pretty  strong  that  the  cause  of  the 
accident  was  overheating,  due  to  scale.  The  fact  that  no 
scale  was  found  in  the  tube  does  not  alter  the  case,  be- 
cause an  accumulation  of  scale  at  the  affected  point  may 
be  the  cause,  and  even  if  the  tube  should  be  generally 
scaled,  the  disturbance  to  the  tube  at  the  time  of  the  ac- 
cident would  shake  it  all  loose  and  the  outrush  of  steam 
and  water  would  be  certain  to  cany  it  out  of  the  tube. 
I  have  seen  many  tube  ruptures,  and  never  in  my  experi- 


New  Features  in  Pillow-Block  Design 

I  iHitc  in  the  May  27  issue  that  Mr.  Campbell  recom- 
mends a  new  type  of  pillow  block.  From  a  study  of  his 
sketch  the  idea  does  not  appear  to  be  feasible.  The  main 
reason  being  that  usually  modern  engines  do  not  have  the 
jjillow  block  bolted  to  the  frame,  but  cast  solid  in  one 
piece  and  of  such  shape  that  it  would  not  be  possible  to 
use  wedge  bolts  on  the  back  side  as  he  suggests.  Another 
reason  is  that  there  would  be  likelihood  of  misadjustment 
which  would  very  likely  cause  hot  bearings.  In  taking 
down  the  bearing  of  the  ordinary  engine  as  built  at  the 
present  time  the  top  cap  is  taken  off,  and  the  wedge  bolts 
which  usually  go  through  the  cap  are  removed.  Then  the 
wedge  is  taken  out,  after  which  the  front  quarter  box 
can  be  pushed  back,  and  rolled  around  to  the  top  of  the 
shaft.  To  get  the  back  quarter  box  out,  the  shaft  is 
pushed  ahead  and  the  flat  plate  back  of  the  box  taken  out. 
Then  the  back  quarter  can  be  removed  as  the  front  one 
was.  If  wedge  bolts  M'ere  used  as  suggested,  it  would  be 
necessary  to  turn  them  back  to  get  the  box  out,  and  it 
would  be  hard  to  get  them  readjusted  as  they  were  before, 
and  the  shaft  would  be  thrown  out  of  alignment. 

As  usually  designed  the  wear  of  the  boxes  does  throw 
the  shaft  out  of  alignment,  but  ordinarily  at  the  end  of 
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ix  months  or  a  year  it  will  not  be  over  a  few  thousandths 
f  an  inch  out,  and  a  very  thin  liner  is  required  to  put 
:  back  in  place.  This  variation  gives  little  trouble  in  the 
rank-jiin  brasses,  as  they  must  be  given  some  clearance, 
n  10  months'  run  our  ]9xl8-in.  medium-speed  engines 
•ore  only  enough  to  make  0.012  in.  difTerenee  between  the 
ivo  planed  alignment  spots  on  the  inside  of  the  frame 
iid  the  end  of  the  crankpin. 

There  is,  however,  another  idea  that  is  applied  by  one 
r  two  builders  of  large  engines  that  might  have  some 
lerits,  and,  that  is  to  use  a  wedge  adjustment  under  the 
ottom  quarter  of  the  main  bearing.  This  provides  means 
■hereby  the  shaft  may  be  leveled.  With  large  direct- 
onnected  generators  with  small  air  gaps  this  feature 
light  save  the  work  of  rebabbitting  the  bottom  shell  for 
ome  time. 

One  thing  is  certain,  and  that  is,  that  we  already  have 
00  many  novelties  in  the  designs  of  engines,  many  of 
hich  have  little  merit  to  warrant  their  adoption.  Each 
uilder  adds  some  special  feature ;  in  one  it  may  be  in  the 
overnor,  in  another  in  the  valve-gear,  connecting-rod 
nds  and  bearings,  crosshead,  oiling  system,  and  so  on 
•hich  does  not  make  the  engine  more  economical  or  less 
xpensive  but  sometimes  makes  more  trouble  for  the  en- 
ineer,  and  puts  a  monopoly  on  repairs. 

J.  C.  Hawkins. 

Hvattsville,  Md. 


Governor  Design 

Forrest  Allen  in  the  July  1  issue  states  that  a  belt  on 

large  cross-compound  Corliss  engine  broke  while  the 
ngine  was  carrying  full  load.  On  starting  the  engine 
fter  the  belt  had  been  repaired  the  flywheel  was  noticed 
0  be  running  considerably  out  of  true.  Examination 
howed  that  every  bolt  holding  together  the  halves  of  the 
im  was  sufficiently  loose  to  allow  the  nuts  to  be  turned 
y  hand.  The  conclusion  was  reached  that  the  bolts  had 
een  stretched,  due  to  the  centrifugal  force  of  the  wheel 
•hen  the  load  was  suddenly  thrown  off.  Mr.  Allen  con- 
ludes  by  stating  that :  "'With  a  20-ft.  flywheel  it  would 
e  interesting  to  have  the  flywheel  designer  and  the  gov- 
rnor  expert  hand  us  a  few  figures,  showing  how  long 
efore  the  flywheel  reaches  the  bursting  speed,  does  the 
overnor  check  the  speed  of  the  wheel,  when  full  load  is 
uddenly  thrown  oif." 

It  is  probably  impossible  to  design  a  governor  that 
•ould  operate  to  perfection  under  such  conditions.  If  a 
overnor  were  designed  to  operate  within  1  per  cent,  it 
•ould  not  eliminate  the  danger  mentioned,  because  under 
onditions  of  sudden  release  of  load  the  speed  of  the  wheel 
veil  if  it  were  only  for  a  fraction  of  a  revolution  would 
e  dangerous. 

With  large  flywheels  there  are  always  two  conditions 
0  be  reckoned  with ;  the  throwiiig  on  suddenly  of  a  heavy 
oad  has  the  tendency  to  suddenly  retard  the  rim  speed, 
^he  throwing  off  suddenly  of  load  has  the  opposite  or  an 
ccelerating  effect.  The  result  is  that  terrific  strains  are 
et  up  in  each  case  between  the  rim  and  the  hub.  These 
trains,  due  to  acceleration,  or  rire  verm,  may  occupy 
nlv  the  fraction  of  a  second.  Thev  act  as  a  jerk  on  the 
rheel. 

John  F.  Hurst. 

r>niusville,  Kv. 


Plugged  Steam-Gage  Pipes 

I  have  experienced  the  same  trouble  as  told  by  Mr. 
Sedingers  in  the  June  24  issue.  Three  steam  gages  were 
connected  to  the  top  of  three  water  columns  with  a  %-in. 
elbow  running  at  right  angles  to  another  %-in.  elbow  be- 
low the  gage,  and  as  no  valve  intervened  it  was  necessary 
to  shut  off  both  steam  and  water  valves  to  the  water  col- 
umn in  order  to  remove  the  gage. 

In  getting  up  steam  on  my  first  Sunday  morning  after 
an  hour  of  ordinary  firing,  the  gage  on  boiler  No.  1 
registered  95  lb.,  that  on  No.  2,  40  lb.  and 
that  on  No.  3,  75  lb.  As  all  the  boilers  were 
connected  to  a  common  10-in.  header  and  all  the 
stop  valves  were  wide  open,  I  surmised  where  the  trouble 
was. 

Shutting  off  the  pressure  from  the  gages  and  re- 
moving them  I  found  each  clogged  with  a  pasty  sediment 


Connections  to  Prevent  Pluggino  of  STEA.vr  Pipe 

of  the  consistency  of  stiff'  putty  that  required  scraping] 
and  boring  to  remove.  After  cleaning  the  gage  pipes] 
thoroughly  I  replaced  the  gages,  putting  %-in.  angle] 
valves  at  A,  where  there  had  previously  been  an  elbow,  I 
and  a  %-in.  tee  at  B.  with  a  pet-cock  at  C.  The  angle! 
valve  permits  of  cutting  out  any  or  all  gages  without  in-} 
terfering  with  the  water  columns,  and  the  pet-cock 
permits  of  a  daily  blowing  out  of  the  gage  pipe  which 
as  clear  today  after  six  years  of  constant  use  as  whe| 
first  installed. 

I   next   turned   my   attention   to   the   pop    valves   and 
found  the  pop  valve  on  boiler  No.  1  would  blow  readilj 
at  118  lb.  and  all  the  strength  of  two  men  on  the  levt 
could  not  induce  even  a  "leak"  of  the  valves  on  boile:^ 
Nos.  2  and  3.    Eemoving  these  two  valves  from  the  boile 
and  taking  out  the  springs,  it  required  the  blows  with 
12-lb.  sledge  against  a  block  of  wood  to  drive  the  valvt 
off  the  seats.     The  guides  were  so  completely  "fruzenl 
that  it  required  steel  scrapers  to  remove  them. 

John  P.  Short. 

New  Orleans,  La. 


\ugu8t  12,  191.-!  POWER  24 

llliiiiiilllillllllluililuiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiNiiiiiiiiiiiiiiiiiiiiiiiiinniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiliiiiiiiilililiiu^ 

INQUIRIES    OF     GENERAL    INTEREST 


iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiifl^ 


No  Lap   EnelneM — What   engines    have   no   lap? 

J.  M. 

No  lap  is  given  the  steam  valves  of  steam  pumps  or  of 
engines  in  which  steam  is  taken  for  the  full  length  of  the 
stroke,    i.e.,    where   steam    cannot    be    used    expansively. 


Three-\l'ire  System — What  are   the   proper   eo 
three-wire    system    employing    one    generator 


IS   for 
I    bal- 


The    proper    connections 
ram: 


A.    H.    A. 
the    following    dia- 


Shuut-\Vouna  DynumoH  in  rnrnllel — We  have  a  shunt- 
wound  dynamo  installed  and  are  considering  installing  an- 
other. Will  there  be  any  difficulty  in  operating  them  in 
parallel? 

H.    B.    S. 

Not  if  their  cliaracteristics  are  the  same.  If  the  voltage 
drop  as  the  load  increases  is  not  alike  in  both,  the  greater 
share  of  the  load  will  go  to  the  dynamo  with  the  smaller  in- 
ternal di'op.  To  prevent  it  being  overloaded,  then,  some  re- 
sistance will  have  to  be  put  in  its  armature  circuit  to  equalize 
the    per    cent,    of   voltage    drop. 


Peed-W^ater  Temperature — In  making  an  evaporative  test 
of  a  boiler  where  should  the  feed-water  temperature  be 
taken,  at  the  feed-water  heater,  where  it  is  less  than  212 
deg.  F.,  er  at  the  economizer,  where  it  is  more  than  212  deg. 
P.?  In  one  case  the  comparative  rate  would  be  greater  than 
the    actual,    in    the    other    it    would    be    less. 

A.  H.   F. 

In  the  evaporative  test  of  a  boiler  where  an  economizer 
is  used  or  any  other  method  of  heating  the  water  before  it 
is  fed  to  the  boiler,  account  is  to  be  taken  of  the  tempera- 
ture of  the  water  as  fed;  that  is.  the  temperature  should  be 
taken  where  the  water  is  fed  into  the  boiler.  In  any  event 
the  heat  thus  delivered  to  the  boiler  is  to  be  deducted  from 
the  total  heat  of  the  steam  at  the  pressure  and  temperature 
of    evaporation. 


Chimney  Proportions — Is  a  chimney  90  ft.  high  and  5  ft.  S 
in.  in  diameter  correctly  proportioned,  or  should  it  he  higher 
for  this  diameter? 

R.    H.    R. 

The  proportions  of  diametei"  and  iicight  are  purely  a  local 
consideration.  Chimneys  are  rarely  built  less  than  80  ft.  high 
and  a  5y2-ft.  diameter  chimney  is  usually  made  100  ft.  high. 
For  a  given  diameter  of  flue  the  draft  capacity  is  as  the 
square  root  of  the  height.  By  the  ordinary  rating  a  chimney 
5  ft.  6  in.  in  diameter  and  90  ft.  high  would  have  a  capacity 
for  about  660  b.hp.  while  100  ft.  high  its  capacity  would  be 
694  b.hp.  It  was  likely  considered  more  economical  and  safer 
against  wind  pressure  to  build  the  chimney  only  90  ft.  high. 
Had  it  been  100  ft.  high  it  could  have  been  made  5  ft.  4'^  in. 
in  diameter  and  still  had   the  same  capacity. 


EHtlmattne  Coal  Cargoes — How  can  the  quantity  of  coal 
in  a  coal  barge  be  determined?  Also  the  quantity  in  an  ir- 
regular-shaped   coal    pile? 


The  coal  contained  in  a  boat  is  estimated  from  the  weight 
of  water  displaced.  The  volume  of  water  displaced  from 
one  water  line  to  another  being  estimated  in  cubic  feet,  ac- 
cording to  the  shape  and  dimensions  of  the  boat,  the  weight 
producing  such  a  displacement  is  found  by  multiplying  the 
number  of  cubic  feet  of  displacement  by  the  weight  of  one 
cubic  foot  of  water,  621/2  lb.,  and  dividing  by  2240,  to  get  long 
tons,  or  2000,  to  get  short  tons  of  loading  which  produced  the 
displacement.  The  weight  of  coal  in  a  hold  can  be  estimated 
also  by  finding  the  volume  of  coal  in  cubic  feet  and  dividing 
by  the  volume  of  a  ton.  A  long  ton,  2240  lb.,  of  bituminous 
coal  takes  up  a  space  of  41  to  45  cu.ft.  and  of  anthracite 
coal,  34  to  41  cu.ft.  To  find  the  number  of  tons  in  a  given 
pile  or  space,  divide  the  cubic  feet  of  space  occupied  by  the 
cubic   feet    per    ton. 

Methods  of  finding  the  volumes  of  various  shapes  are 
given  in  the  Engineers  Study  Course,  Mar.  11.  1913,  issue  of 
"Power."  page  354  and  pages  392,  430  and  468  of  issues  to  that 
of   Apr.    1,    1913. 


Stenm  Backs  Up — If,  on  a  tandem-compound  engine,  a  by- 
pass between  the  high-  and  low-pressurs  steam  chests  be 
cpened  while  the  engine  is  running,  allowing  steam  at  boiler 
pressure  on  both  valves:  would  this  steam  in  the  low-pres- 
sure chest  blow  through  the  receiver  and  into  the  high-pres- 
sure cylinder  when  the  ports  of  the  latter  were  open  for  ex- 
haust? 

B.    R.    M. 

Yes.  Not  only  that,  but  steam  would  actually  be  pumped 
backward  through  the  high-pressure  cylinder  into  the  steam 
line  if  the  exhaust  valve  were  set  for  any  compresison  at  all. 
Tracing  the  cycle  through,  steam  is  admitted  in  the  high- 
pressure  cylinder  at  boiler  or  line  pressure  up  to  cutoff.  At 
the  end  of  expansion,  when  ordinarily  release  takes  place,  the 
back  pressure  will  be  higher  than  the  pressure  in  the  cylinder 
(in  fact  will  be  line  pressure)  hence  steam  -tvlU  flow  from  the' 
low-pressure  steam  chest  through  the  receiver  into  the  high- 
pressure  cylinder.  As  the  piston  returns  on  its  stroke  some 
of  this  steam  will  be  driven  back  into  the  receiver,  but  hs 
soon  as  the  exhaust  valve  closes  for  compression  no  more 
steam  can  escape.  This  steam  then  will  be  compressed  until 
the  admission  valve  opens  and  then,  being  at  much  higher 
than  boiler  pressure,  part  will  escape  into  the  supply  line  un- 
til the  pressures  equalize.  This  action  would  be  repeated  on 
every  stroke  and  no  useful  work  would  be  done  by  the  high- 
pressure    cylinder.       In    fact    it    would    become    a    compressor. 


Butterfly  Valve — What  is  a  "butterfly"  valve,  how  is  it 
constructed    and    where    is    it    used? 

(i.    C.    W. 

The  original  application  of  the  name  was  to  a  valve  con- 
sisting of  a  pair  of  flap  valves  placed  back  to  back.  Some- 
times they  are  made  of  one  piece  of  leather  fastened  down 
in  the  middle  and  often  known  in  English  practice  as  a 
"butterfly  clack."  When  made  of  a  flexible  material  like  rub- 
ber, canvas  or  leather,  the  chamber  of  the  valve  should  be  of 
considerably  greater  diameter  than  the  valve  and  the  latter 
should  rest  when  closed  on  a  flat  horizontal  grating  or  on  a 
plate  perforated  with  holes  to  which  it  is  fastened  down  at 
the  center,  being  left  loose  at  the  edges.  To  prevent  the 
valve  from  rising  too  high,  it  usually  has,  as  a  guard,  a  thin 
metal  cup  formed  like  a  segment  of  a  sphere,  grated  or 
perforated  like  the  valve  seat  to  which  it  is  bolted  at  the 
center,  serving  also  to  fasten  the  valve  down  at  that  point. 
Such  butterfly  valves  are.  used  on  air  pumps  where  they  are 
frequently  made  with  the  flexible  material  reinforced.  They 
are  sometimes  known  as  "bucket  valves"  when  used  on  the 
piston  of  a  wet-air  pump.  "Butterfly"  forms  of  valves  are 
frequently  used  on  steam  lines  or  passages  for  reducing  or 
almost  completely  cutting  off  the  discharge,  in  which  case 
the  valves  are  made  of  metal  and  usually  have  a  composi- 
tion seat.  Nowadays,  the  term  is  more  commonly  applied  to 
a  damper  valve  which  is  simply  a  valve  like  a  stove-pipe 
damper,  consisting  of  a  disk  revolving  on  an  axis  through  its 
diameter.  It  is  used  for  quick  but  not  absolute  closing  of  a 
steam    line. 
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Draft  and  Its  Measurement 

In  a  natural-draft  plant  the  cliimiicy  plays  a  far  larger 
irt  than  is  commonly  suspected  in  determining  whether 
lerating  results  are  to  be  satisfactory  or  not.  A  chim- 
■y  which  is  too  small  means  poor  draft  and  sluggish 
nibustion  with  all  its  attending  annoyances  and  losses. 

chimney  which  is  too  large  means  waste  of  money  in 
•st  cost  and,  often,  loss  due  to  excess  air.    Consequently, 

is  fitting  that  a  few  points  aliout  chimney  design  l)e 
ken  up  at  this  juncture. 

Natuhal  Dr.AFT 

Before  the  actual  formulas  for  figuring  chimney  sizes 
itable  for  certain  conditions  are  studied,  it  is  well  to 
■t  a  thorough  understanding  of  the  principles  of  natural 
•aft. 

This  old  earth  is  entirely  surrounded  hy  an  ocear  of 
gas  mi.xture  called  air.  The  depth  of  this  ocean  is  not 
lown,  but  is  estimated  at  all  the  way  from  .50  to  .5t)0 
iles.  As  we  transact  most  of  our  business  at  the  bot- 
m  of  tliis  ocean  we  do  so  under  a  normal  pressure,  due 

the  weight  of  the  air,  of  14.7  lb.  per  sq.in.  at  sea  level. 
s  we  get  above  sea  level,  naturally  the  pressure  decreases 
icause  there  is  less  air  above  pressing  down. 
The  volume  of  all  gases,  air  included,  is  greatly  in- 
lenced  by  change  in  temperature  or  pressure.  With  in- 
ease  in  temperature  the  air  expands,  that  is,  the  volume 
creases.  With  increase  in  pressure  the  volume  dimin- 
lies.  These  changes  in  volume,  due  to  changes  in  tem- 
;rature  or  pressure  or  both,  take  place  according  to  well 
lown  laws.  Hence,  if  the  volume  of  given  weight  of  a 
is  at  a  given  temperature  and  pressure  is  known,  it  is 
)ssible  to  figure  exactly  what  the  volume  would  be  at 
me  other  temperature  and  pressure. 
For  every  ordinary  purpose  we  may  take  the  atnios- 
leric  pressure  (at  or  near  sea  level)  as  14.7  lb.  per  sq.in., 
though  actually  the  pressure  is  constantly  varying  slight- 
,  due  to  changes  in  the  condition  of  the  air.  As  natural 
•aft  has  to  do  with  air  at  atmospheric  pressure  only,  and 

we  have  decided  to  consider  this  pressure  as  being 
^ed  at  14.7  lb.  per  sq.in.,  there  remains  only  one  vari- 
>le — temperature — to  consider  during  the  study  of  the 
•esent  subject. 

Anson  TK   TEMPKIfATrifK 

With  the  pressure  remaining  the  same  the  volume  of  a 
ven  weight  of  air  increases  or  decreases  -jj-^  of  its  vol- 

ne  at  ;V3  deg.  F.  for  every  increase  or  decrease  of  1  deg. 
its  temperature.  For  instance,  if  a  pound  of  air  at 
mospheric  pressure  and  32  deg.  F.  has  a  volume  of 
!.39  cu.ft.,  at  100  deg.  F.  (the  pressure  remaining  the 
me)  its  volume  will  have  increased  by 


12.39  X 


100 


32 


492 


=  1.71  cu.ft. 


ence,  its  volume  at  100  deg.  would  be 
12..39  +  1.71  =  14.1  cu.ft. 


This  law  holds  good  for  all  temperatures  dealt  with 
in  steam  power-plant  work.  If  it  held  good  for  all  pos- 
sible temperatures,  that  is,  if  a  gas  continued  to  shrink 

Til^  °^'  ''^'^  volume  at  33  deg.  F.  for  every  degree  drop  in 

temperature,  when  the  temperature  dropped  the  32  deg. 
from  the  freezing  point  to  zero  and  then  dropped'  KJO 
deg.  below  zero,  thus  dropping  a  total  of 

460  -f  33  =  492  deg. 
the  gas  would  disappear  entirely.     Such  low  temperature 
has  never  actually  been  attained ;  hence,  we  do  not  know 
whether  or  not  a  change  in  the  law  takes  place,  but  it  is 
quite  certain  that  one  does. 

As  a  result  of  the  above  law  governing  the  expansion 
and  contraction  of  gases  through  change  in  tempera- 
ture an  imaginary  standard  for  temperature  has  been  in- 
vented, which  is  convenient  to  use  when  solving  problems 
dealing  with  gas  temperature  and  volume.  Temperatures 
expressed  according  to  this  standard  are  known  as  abso- 
lute temperatures.  The  zero  according  to  the  absolute 
scale  is  460  deg.  below  the  zero  on  the  Fahrenheit  scale. 
Hence,  the  absolute  temperature  of  any  gas  is  its  Fahren- 
heit temperature  plus  460. 

For  instance,  the  absolute  temperature  of  a  gas  at  92 
deg.  F.  is 

92  +  460  =  552  deg. 

The  convenient  thing  about  the.se  absolute  temperature 
units  is  the  fact  that  where  the  pressure  remains  the 
same  tlie  volume  varies  in  direct  proportion  to  the  abso- 
lute temperature. 

To  illustrate,  if  the  volume  of  a  gas  is  14  cu.ft.  per  lb. 
at  one  temperature,  say,  60  deg.,  and  it  is  desired  to  esti- 
mate the  volume  at  some  other  temperature,  say,  109  deg., 
the  pressure  being  the  same  in  each  case,  it  is  simply  nec-j 
essary  to  multiply  by  the  ratio  (expressed  as  a  common 
fraction)  of  the  two  absolute  temperatures.  The  absolute 
temperature  corresponding  to  60  deg.  F.  is  60  -{-  46(] 
^  520  deg.,  and  that  corresponding  with  109  deg.  is  109 
-I-  460  =  569  deg.  Hence,  the  volume  at  109  deg.  would| 
be 

fjRO 

The  following  simple  formula  gives  the  pressure,  volj 
nme  or  temperature  of  one  pound  of  air  when  any  two  of 
these  factors  are  known 

Pr  =  53.37  T 
where 

P  =  Alisolute  pressure  in  pounds  per  square  foot ; 
(•  =  Volume  in  cubic  feet  of  one  pound  of  air ; 
T  =  Absolute    temperature    of    the    air    in    degrees 
Fahrenheit. 
Transposed  to  the  form  mo.st  convenient  for  calculat- 
ing volume  the  formula  is  written  thus 
53.37?' 


To  apply  in  a  practical  problem,  assume  it  is  desired 
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to  figure  the  vulume  of  a  pound  of  air  at  atmospherie 
pressure  (1-1.7  lb.  per  sq.iii.)  and  70  deg.  F.  The  abso- 
lute temperature  correspoudiug  with  70  deg.  F.  is  70  -|- 
160  =  530  deg.  The  pressure  per  square  foot  in  tiie 
present  example  is  14.7  X  144  =  2116.8  lb.  Then,  sub- 
-tituting  these  values  in  the  formula,  we  have 


53.37  X  530 


3116.8 


-  =  13.36  cu.ff. 


MeASURE.MENT  of    Dit.VKT 

Draft,  whether  mechanical  or  natural,  is  measured  by 
1  draft  gage  and  usually  expressed  in  inches  of  water 
similarly  to  a  vacuum,  except  the  latter  is  expressed  in 
inches  of  mercury. 

The  simplest  form  of  draft  gage  is  a  U-shaped  tube 
jf  ordinary  glass,  as  in  Fig.  1,  and  is  usually  fitted  with  a 
•cale  in  inches  and  decimal  fractions  of  an  inch.     One 
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eg  of  the  tube  is  connected  with  the  fui-nat'C,  flue,  chim- 
ley,  or  other  place  where  the  draft  is  to  be  measured, 
md  the  other  leg  is  left  open  to  the  atmosphere.  The 
Iraft  is  the  inches  of  difference  in  level  between  the 
k^ater  in  the  two  legs  as  indicated  in  the  figure. 

There  are  numerous  other  forms  of  gage,  most  of  which 
re  designed  to  give  more  accurate  readings  for  small 
ariations  in  draft  than  the  one  shown,  but  the  principle 
if  construction  and  the  unit  of  measurement  are  the 
ame. 

Pkixcii'le  of  Dkaft 

Probably  every  reader  understands  the  underlying  prin- 
iple  of  natural  draft  in  a  general  way,  but  some  may 
e  a  little  confused  as  to  how  the  height  of  chimney  and 
emperature  of  gases  affect  intensity  of  draft.  So,  to 
lake  this  basic  theory  quite  evident  to  all,  a  little  space 
nil  be  given  it  at  this  point. 

Imagine  a  pair  of  frictionless  and  sensitive  plunger 
cales,  as  in  Fig.  2.  located  in  an  absolute  vacuum.  The 
onnecting  tube  A  is  filled  with  some  frictionless  and 
'cightless  fluid.  Xext,  imagine  that  1000  cu.ft.  of  air 
t  some  ordinary  atmospheric  pressure  and  temperature, 
ay,  14.7  lb.  per  sq.in.  and  68  deg.  F.,  were  wrapped  up 
a  a  bundle  and  placed  on  the  platform  of  one  plunger 
nd  1000  cu.ft.  of  air  at  the  same  pressure  but  at  a  tem- 
eraturc  of  600  deg.  P.  were  done  into  a  similar  bundle 
nd  placed  on  the  other  plunger  platform. 


The  weight  of  the  68-dcg.  air  would  be  75  lb.  while 
that  of  the  600-deg.  air  would  be  37.5  lb.  or  just  one-half 
that  of  the  former.  The  cooler  air  being  37.5  lb.  heavier 
than  the  warmer,  if  the  pin  B  were  withdrawn,  plunger  C 
would  tend  to  sink  and  plunger  D  to  rise,  due  to  the  37.5 
lb.  difference. 

Now,  assume  that  the  plungers  C  and  D  are  removed, 
;is  in  Fig.  3,  and  that  leg  G  is  filled  down  to  the  level  P 
with  1000  cu.ft.  of  air  at  14.7  lb.  pressure  and  68  deg.  F. 
and  leg  H  to  the  same  level  with  air  at  the  same  pressure 
Ijut  at  a  temperature  of  600  deg.,  the  top  of  both  legs 
being  open. 

If  each  leg  is  100  ft.  high  above  level  F,  the  inside 
area  of  each  must  be  10  sq.ft.  or  1440  sq.in.,  and  the 
pressure  per  square  inch  at  level  F  in  leg  G,  due  to  the 
weight  of  air  in  the  leg,  must  be  75  (weight  of  1000  cu.ft. 
of  air  at  14.7  lb.  pressure  and  68  deg.),  divided  by  1440; 
which  equals  0.052  lb.  per  sq.in.* 

Similarly,  the  pressure  at  F  in  tube  //.  due  to  the 
weight  of  the  air  at  600  deg.,  must  be 

37.5  ^  1440  =  0.026  Ih.  per  sq.in. 
Thus,  there  is  a  ditt'erence  in  pressure  in  the  two  legs  at 
level  /'■  of 

0.052  —  0.026  =  0.026  lb.  per  .sq.in. 
with  a  consequent  tendency  of  the  air  in  leg  G  to  flow 
into  leg  //  and  push  out  the  lighter  air  in  the  latter. 

Now,  if  the  vacuum  be  destroyed  and  the  tube  be  sub- 
mitted to  the  ordinary  atmospheric  pressure  (say,  14.7 
lb.  per  sq.in.  at  level  J)  the  tendency  of  the  cold  air  in 
leg  G  to  force  out  the  hot  air  in  II  will  be  Just  as  strong 
as  it  was  in  the  vacuum.  This  is  true  because  the  pres- 
sure at  level  F  in  leg  G  is  14.7  lb.  per  sq.in.  (the  atmos- 
j.heric  pressure  at  level  /)  plus  the  weight  of  the  air  con- 
tained in  the  leg.  divided  by  the  square  inches  of  area 
of  the  tube,  thus 


14.7  + 


75 


1440       ^'^■"''^~  '^'-  ^^'''' ■"■'/■ '■«• 
Similarly,  tiie  jjressure  at  level  F  in  lulic  //  is 


14.7  + 


37^ 

1440 


14.736  U/.  per  ■■<q.iu. 


Hence,  the  tendency  of  the  cold  air  in  G  to  push  out 
the  hot  air  in  //  is  the  same  as  under  the  former  condi- 
tions, the  difference  in  pressure  being  the  same 
14.752  —  14.726  =  0.026  lb.  per  sq.in. 

Now,  as  the  pressure  and  temperature  of  the  air  out- 
side the  tube  are  identical  with  those  of  the  air  within 
leg  G,  this  leg  performs  no  useful  function  and  may  be 
dispensed  with,  when  we  have  left  a  natural-draft  chim- 
ney. 

Thus,  we  see  that  natural  draft  is  due  to  a  difference 
in  pressure  due  to  a  dift'erence  in  weight  between  two 
columns  of  gas  of  equal  height.  And  as  the  outside  pres- 
sure (the  atmospheric  pressure)  acting  on  these  two  col- 
umns is  equal  for  any  given  height,  this  difference  in 
weight  depends  upon  the  difference  in  temperature.  As 
the  pressure  due  to  the  weight  of  a  column  of  fluid  de- 
pends only  upon  the  height  of  the  column  and  the  weight 

♦This  method  of  calculating  the  pressure  due  to  the  weigrhl 
of  a  fluid  is  used  simply  to  make  the  description  more  clear. 
If  the  legs  -were  not  absolutely  uniform  in  sectional  area 
throughout  their  height  this  method  would  cause  error.  It 
should  be  remembered  that  the  pressure  due  to  the  weight 
of  a  liquid  or  a  gas  depends  only  upon  the  vertical  depth  from 
the  surface  of  the  fluid  to  the  point  under  consideration  and 
the  weight  of  a  unit  volume  of  the  fluid.  The  size  and  shape 
of  the  containing  vessel  have  nothing  to  do  with  tlie  pressure. 
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of  a  unit  volume  of  fluid,  and  not  upon  the  eross-sectional 
area  nor  the  slia{)e  of  the  (■olunm,  the  intensity  of  draft  is 
])roportionaI  to  the  height  of  the  chimney  above  the  lire. 

To  sum  up,  then,  the  intensity  of  draft  depends  u]x)n 
Ihe  height  of  the  ehininey  and  the  difference  in  tempera- 
ture between  the  outside  and  the  stack  gases. 

The  following  formula  nuiy  be  u.«ed  to  estimate  the  in- 
tensity of  draft  to  be  e.\])ected  from  a  chimney  under 
given  conditions. 

0..V2  7/  X  J'\    ^ 


/) 


T      7" 


where 

D  =  Draft  in  inches  of  water; 

H  =  Height  of  chimney  above  grates  in  feci  ; 

P  =  Atmospheric    ])ressure    in    ])ounds    per    square 

inch : 
2' =  Absolute  teiM])erature  of  the  outside  air  in   de- 
grees ; 
T"  =  Absolute  temjicralurc  of  chimney  gases  in  de- 
grees. 
Thus,  with  a  cliimney  175  ft.  high  above  the  grates  in 
which  the  gases  are  rising  at  a  temperature  of  560  (leg. 
F.  when  the  outside  air  is  at  60  deg.  and  the  atmospheric 
])ressure  at  14.7  \h.  per  sq.in..  the  draft  would  be 

/>  =  0.52  X  175  X  14.7  (.^^-j,;^,,) 
D  =  0.52  X  175  X  14-7  X  0.0()0!I4  =  1.26  in. 


OVER  THE   SPILLWAY 

JUST     JESTS,     JABS,     JOSHES     AND     JUMBLES 


Everything:  has  Its  day.  remarks  "LesUe's  Weekly."  Novf 
it's  the  oyster — Oyster  Week.  California  has  its  Prune  Daj. 
Colorado  its  Melon  Day,  Washington  its  Apple  Day.  Vive  le 
bivalve!  Prom  the  oyster  comes  the  pearl,  and  as  the  kU 
said:  "Me  sister  got  a  diamond  outer  a  lobsterl"  Every  da»' 
is  lobster  day. 

Speaking  of  shell  fish  reminds  us  that  tripe  was  once  i 
luxury,  and  terrapin  was  food  for  negroes.  Now  they've 
changed  places.  Our  authority  is  a  catalog  of  public  docu- 
ments. To  tell  the  honest  gawdstruth.  we  wouldn't  know  a 
terrapin  if  we  met  it  face  to  face.  As  for  tripe,  it  may  be 
all  right  for  those  who  can  get  it  on  the  wing,  shoot  it  in  the 
leg.  pluck  it  while  it's  warm,  trap  it,  or —  Say.  what  kind 
of  a  bird   is  a   tripe,   anyhow?     We   forget! 

On  July  12  there  was  a  snow-bank  10  ft.  deep  In  the  Ore- 
gon Roads,  near  Hood  River.  If  you  can  bring  your  imagina- 
tion to  bear  on  this  scene,  it  may  help  lower  your  temperature 
during  the  hot  spell.  Remember,  he  who  is  without  imagina- 
tion is  but  a  dull  clod  at  the  best.     Uou'l  he  a  -jlcd! 


"For  my  part."  says  a  writer  in  the  "Saturday  Evening 
Post,"  "I  am  willing  to  put  my  money  on  a  human  being 
who  has  time  for  a  kind  and  generous  word  for  another 
human  being  once  in  a  while."  While  this  sentiment  is  as 
old  as  pagan  philosophy  itself,  it's  fine,  solid  stuff.  If  you 
have  heretofore  shied  at  its  acceptation,  try  it  a  couple  of 
times.      It's  a   bully   bet! 


Engineers'  Handy  Drill 

By  .1.  (i.  K()i'i>i:i. 

Every  engineer  uF  e\i)crience  will  appreciate  the  value 
of  a  drill  that  will  enable  him  to  drill  out  broken  set- 
screws,  pins,  etc.,  in  places  where  an  ordinary  ratchet 
drill  cannot  be  used  without   dismantling  much  of  the 
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engine,  pump,  etc.  The  drill  shown  may  be  made  at  the 
plant  and  by  having  a  few  of  different  diameters  and 
lengths  on  hand  many  emergency  repairs  may  be  quickly 
made  that  would  otherwise  necessitate  much  time  and 
labor. 


When  natural  ga.s  is  used  as  fuel  under  a  steam  boiler 
from  40  to  60  cu.ft.  per  horsepower-hour  will  be  required, 
while  the  same  power  can  be  developed  by  the  consumption 
of  from  9  to  15  cu.ft.  in  a  gas  engine,  so  the  use  of  gas 
under  steam  boilers  at  power  plants  is  not  to  be  encouraged, 
if.    indeed,    it    should    be    permitted. — "Compressed    Air    Maga- 


The  weather  plant  in  Washington  has  a  new  chief.  Mr. 
Moore,  of  few  "endearing  young  charms,"  having  been  de- 
posed, Mr.  Marvin  now  turns  the  engine  over.  No  engineer 
has  a  more  thankless  job  or  so  many  ungrateful  consumers. 
Everybody  takes  a  hack  at  this  hackneyed  subject,  the 
weather,  and  nobody  seems  satisfied.  Just  at  this  moment, 
if  Chief  Marvin  Tvould  lick  Gen.  Humidity,  he  could  be  elected 
President  of  Mexico  by  unanimous  vote — which  never  has 
happened   in  Mexico  yet. 

Advance,  Electricity!  This  time  it's  a  brush  that  removes 
the  barnacles  from  the  hulls  of  vessels  without  drydocking 
them,  meaning  the  hulls.  The  motor  is  placed  in  water-, 
tight  casings.  Suggest  that  it  is  applicable  as  a  shampoo  for 
some  of  those  people  who  are  sporting  mental  barnacles  that 
now    impede    their    progress. 

"Mrs.  Lasalle  Stoops,"  says  "Leslie's  Weekly."  Our  con- 
temporary says  more  than  this.  Mrs.  Stoops  (Lasalle  is  the 
lady's  first  name)  is  the  general  manager  of  the  Stuttgart 
(Ark.)  Electric  Light  Co.  We  have  no  right  to  even  insinu- 
ate that  this  enterprising  lady  is  of  suffragette  persuasion. 
If  she  is,  it's  a  big  compliment  to  those  ladies  who  would 
exercise  men's  prerogatives. 

The  immortal  George  W.  fell  out  with  his  daddy  over  a 
cherr.v  tree:  George  Wallace,  mechanical  engineer  of  the 
Racine  Water  Co.,  reversed  this  order  and  allowed  the  tree 
to  take  a  fall  out  of  him.  You  see,  he  had  a  crazy  idea  (got 
it  on  Asylum  Ave.,  probably)  that  he  needed  a  vacation. 
Then  he  went  to  Waukesha  to  visit  his  mother. 

That  dear  old  lady,  wishing  in  her  declining  years  to  say 
she  once  saw  George  working,  set  him  to  picking  cherries. 
He.  of  course,  climbed  the  tree  (he  will  sit  down  when  he 
works).  Soon  he  fell  down  and  out  into  the  yard  of  two 
old    maids    next    door. 

Later,  the  local  Sawbones.  George  says,  "sat  on  my  re- 
mains. He  found  he  could  save  me  by  wiping  a  joint  where 
three  ribs  were  broken:  where  I  broke  the  Ten  Command- 
ments   was   a    total    loss." 

G.  W  writes  he's  now  as  normal  as  he  ever  will  be.  and 
hopes  that  "Power's"  staff  (excepting  Billy  Spills)  will  never 
suffer  a  like  harrowing  experience.  Why  this  exception, 
George?  When  "cherries  are  ripe"  for  Billy,  he'll  try  to  fall 
in  the  yard  of  one  nice  young  maid:  nut  two  old  ones.  We're 
right  fond  of  Geordie  Wallace,  and  why  he  wants  to  push  us 
off  the  tree  is  beyond  our  ken. 
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Power-Plant  Vibration  and  Methods  of  Isolation 


By  Fraxcls  H.  Daviks 


iSyNOPSI.':! — Naliire  of  rihmlioii  and  its  ti-an.s-viissioii 
through  xoHs  of  varied  characlrr.  Different  kinds  of  iso- 
lating material  to  absorb  ribraiion. 

The  causes  of  engine  vibration  are  often  obscure,  and 
the  remedy,  if  it  necessitates  structural  alteration  of  the 
Engine,  is  generally  expensive  and  none  too  certain  in 
its  effect.  Considerable  sums  of  money  have  been  wasted 
in  abortive  attempts  to  cure  vibration  by  balancing  or 
Ihe  elimination  of  some  radical  fault  in  design ;  hence  en- 
gineers have  for  some  time  directed  attention  to  methods 
of  isolation  which,  while  permitting  the  engine  to  vi- 
brate, prevent  the  spread  of  the  disturbance  by  absorb- 
tion.  For  many  cases  isolation  of  tliis  kind  is  quite  ef- 
fective, but  it  is  an  easy  matter  to  waste  money  l)y  the 
use  of  the  wrona'  material    or   by    inrorrrct    application. 

Ti;.\Nsji  issiDX  oi'  \'iiii!A  riox 
It  would  be  oiil  of  place  here  lo  enter  into  the  very 
;;omplicated  question  of  tbc  causes  of  engine  vibration; 
but  to  apply  isolating  material  correctly  it  is  essential 
to  understand  in  what  manner  vibration  is  transmitted, 
ind  how  various  types  of  engines  differ  in  the  amplitude 
ind  direction  of  the  disturbances  they  set  up.  In  no 
ilass  of  engine  or  machine  is  vibration  of  a  simple  nature, 
that  is  to  say,  entirely  in  one  definite  direction.  All  un- 
iialanced  parts  tend  to  occasion  vibration,  but  it  is  safe 
to  assume  that  according  to  class,  certain  disturbances 
rt'ill  predominate  sufficiently  over  the  remainder  to  make 
them  characteristic  of  the  particular  type  of  engine; 
thus,  the  principal  vibrations  set  up  by  a  vertical  engine 
ire  in  a  more  or  less  vertical  direction,  while  those  of  a 
iiorizoutal  engine  are  chiefly  in  the  horizontal  plane.  In 
addition,  both  classes  are  subject  to  a  tilting  oscillation, 
ivhieh  with  some  engines  of  the  vertical  type  is  very 
marked. 

Complications  are  apt  to  arise  where  two  or  more  en- 
gines are  located  on  a  common  foundation  block  or  in 
ilose  proximity  to  one  another,  since  their  vibrations  will 
Dccasionally  synchronize,  even  though  their  speeds  are 
very  different.  This  will  result  in  more  or  less  regular 
periods  of  maximum  vibration  followed  by  periods  of 
juiet;  a  phenomenon  which  has  frequently  been  noticed 
ind  recorded  liy  investigators  of  particular  cases, 
^synchronism  will  occur  more  frequently  with  high-speed 
■ngines  than  with  low  speed  ;  but  it  must  not  be  inferred 
from  this  that  the  former  are  more  likely  to  give  rise  to 
vibration  trouble.  As  a  matter  of  fact,  the  low-speed  en- 
B;ine  is  more  to  be  feared  in  tiiis  respect,  as  the  disturb- 
ances it  creates,  although  less  frequent,  are  of  greater 
magnitude  than  those  of  the  high-speed  engine  and  more 
noticeable  and  objectionable. 

It  is  clear  that  isolation  of  vertical  vibrations  is  a  more 
lifficult  matter  thau  that  of  horizontal.  As  regards  the 
latter,  a  small  space  left  around  all  four  sides  of  the 
foundation  block  will  he!])  matters,  as  horizontal  vibra- 
tions can  then  only  take  effect  through  their  shearing 
action  on  the  soil  under  the  foundation.  Vertical  oscil- 
lations, however,  are  different,  and  act  directly  on  the 
subsoil  through  the  part  it  is  most  difficult  to  isolate, 
namely,  the  base  of  the  foundation.     If  the  sides  of  the 


lilot'k  are  in  contact  with  the  soil,  vertical  vibrations  will 
also  be  communicated  by  the  shearing  effect  above  men- 
tioned, but  their  intensity  will  not  be  so  great  since  the 
effort  of  shearing  will  absorb  or  damp  a  good  proportion 
of  the  disturbance. 

The  original  amplitude  and  direction  of  vibration  may 
be  considerably  modified  in  its  passage  through  the  soil. 
N"ormally,  the  waves  may  be  said  to  spread  out  more  or 
less  uniformly  from  the  center  of  disturbance,  gradually 
becoming  less  marked  and  finally  dying  away  altogether. 
The  foundation  itself  absorbs,  as  it  is  meant  to  do,  much 
of  the  vibration,  and  the  remainder  is  gradually  dissi- 
pated in  the  adjacent  soil.  Everything,  however,  will 
<lepend  upon  the  nature  of  the  soil,  which  if  variable,  may 
jiroduce  complex  effects.  Eock  or  very  wet  unstable 
soil  will  conduct  vibrational  disturbances  to  a  surpris- 
ing distance;  while,  on  the  other  hand,  good,  dry  gravel 
or  sand  absorb  them  and  act  as  most  etficient  insulators. 
It  is,  therefore,  evidejit  that  where  a  soil  is  of  a  eom- 
()osite  nature,  composed  of  well  defined  veins  of  rock  or 
soil  of  different  classes,  the  disturbance  may  travel  far- 
ther in  certain  directions  thau  in  others,  and  give  rise 
to  vibrational  effects  in  one  or  more  particular  .spots 
at  a  distance  while  the  intervening  space  is  quite  free 
from  any  discernible  disturbance.  Eeflex  waves  provide 
a  further  complication,  since  by  their  means  the  disturb- 
ance may  be  enhanced  in  certain  places  and  diminished 
in  others  in  a  way  that  at  first  sight  it  is  difficult  to  un- 
derstand. Altogether,  it  will  be  seen  that  the  transmis- 
sion of  vibration  through  the  soil  is  often  a  very  com- 
])licated  matter  which  necessitates  a  thoi'c.ugh  investiga- 
tion of  conditions  ))rcvailing  in  the  ncighborlnMiil. 

Mkthous  of  Jsolati\(j 
The  system  of  foundation  isolation  by  means  of  a  space 
of  a  few  inches  all  round  the  block  is  good  so  long  as 
it  is  left  at  that.  It  is,  however,  a  common  practice  to 
fill  this  space  up  with  sand  or  sawdust,  and  while  the 
effect  is  satisfactory  for  a  time  it  is  not  permanently  so, 
owing  to  the  fact  that  whatever  loose  material  may  be 
used  it  will  pack  together  in  course  of  time  and  will  then 
be  of  little  value  as  an  insulator.  If  it  is  imperative  that 
the  space  should  be  filled  in,  the  only  safe  course  is  to 
employ  one  or  other  of  the  specially  designed  insulating 
materials  dealt  with  later.  The  all-important  part  of 
the  foundation  so  far  as  isolation  is  concerned  is.  of 
course,  the  ba.se,  and  in  the  past  many  methods  of  a  com- 
paratively crude  and  unsatisfactory  nature  have  been 
tried.  Among  these  may  be  mentioned  layers  of  timber, 
sheet  lead,  rawhide  soaked  in  oil,  ordinary  roofing  felt, 
loose  felt  or  hair  in  shallow  trays,  sand,  sawdust,  granu- 
lated cork  and  asphalt.  These  have  been  used  alone  and 
sometimes  in  combination  with  one  another,  and  in  nu- 
merous simple  cases  there  is  no  doubt  with  a  certain 
measure  of  s\iccess.  They  cannot,  liowever,  be  regarded 
as  solutions  to  the  problem  of  isnbition  in  liad  cases  or 
where  the  ])lant  is  of  any  size.  Their  chief  fault  lies 
in  the  fact  that  they  arc  either  in.sufficiently  elastic,  as 
in  the  case  of  timber,  or  that  they  take  a  permanent  .set 
and  eventually  become  compressed  to  s\icli  nii  extc^nt  that 
their  elasticity  is  very  nciifh-  if  not  cnlirclv  lost. 
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Rubber 

To  be  of  real  service  au  isolating  material  must  be 
capable  of  responding  to  every  vibration,  and  so  elastic 
that  after  each  compression  it  will  return  to  its  original 
thickness  without  taking  a  permanent  set.  It  must  be 
able  to  retain  this  quality  for  years,  and  must  in  ad- 
dition be  damp  proof  for  certain  situations  and  able  to 
resist  the  attacks  of  insects  and  rats.  One  of  the  first 
materials  to  be  applied  systematically  to  this  purpose 
was  rubber,  and  there  are  at  present  several  firms  spe- 
cializing in  that  direction.  The  objectionable  features  of 
rubber  are  firstly,  its  expense,  and,  secondly,  its  perish- 
able nature.  The  former  difficulty  applies  only  where 
a  sheet  of  considerable  area  and  thickness  is  used;  an 
uncommon  practice  for  that  reason.  A  small  machine 
may  be  economically  isolated  in  this  manner,  but,  al- 
though there  are  instances  of  the  use  of  a  thick  sheet  of 
the  same  area  as  that  of  the  foundation,  rubber  is  now 
seldom  applied  to  large  machinery  in  any  form  but  that 
of  stools  or  pads. 

Au  example  of  a  special  rubber  sheet  manufactured  by 
a  German  firm  recently  came  before  the  writer's  notice. 
A  minimum  thickness  of  from  about  %  in.  is  employed, 
this  being  suitable  for  machinery  weighing  up  to  three 
tons.  For  heavier  machinery  or  where  vibration  is  par- 
ticularly bad  a  thicker  sheet  is  used.  It  is  placed  either 
under  the  foundation,  bedplate  or  footings,  and  it  is  im- 
portant that  both  the  upper  and  lower  surfaces  bearing 
upon  it  should  be  very  smooth  so  as  to  secure  an  even 
pressure  all  over  the  sheet  and  the  necessary  "suction" 
or  adhesion.  It  would  seem  that  the  usefulness  of  such 
a  system  is  restricted  to  comparatively  heavy  machinery, 
and  the  manufacturers  do  not  advise  it  for  light  work. 

The  best  known  system  employing  rubber  stools  is  that 
of  M.  Prache,  a  French  engineer,  who  has  closely  in- 
vestigated the  problems  of  engine  vibration.  Under  this 
system  the  machine  is  erected  on  a  separate  concrete  bed 
varying  in  thickness  with  the  weight  to  be  carried.  This 
bed,  which  is  entirely  free  from  the  floor,  rests  upon  a 
number  of  rubber  stools,  which  in  turn  rest  upon  the 
foundation  proper.  Each  stool  is  carried  in  a  peculiar 
type  of  jack,  the  operation  of  which  compresses  the  rub- 
ber and  thus  allows  it  to  be  withdrawn  for  inspection 
or  renewal.  To  give  access  to  the  stools  a  trench  is  pro- 
vided all  round  the  foundation.  The  system  has  been 
applied  to  numerous  classes  of  machinery,  and  has  been 
very  successful  when  used  in  connection  with  large  print- 
ing presses,  the  vibration  of  which  is  always  considerable. 
Turbo-generating  units  have  also  been  isolated  in  this 
way,  and  in  the  case  of  a  2000-kw.  set  the  subsidiary 
foundation  consisted  of  a  slab  of  reinforced  concrete  2 
ft.  thick  which  rested  on  a  series  of  rubber  blocks  -i  in. 
in  diameter  and  3  in.  in  height  when  under  compression. 

Felt 

Felt  of  the  ordinary  type  used  for  weather-proofing  is 
of  little  or  no  practical  u.se  for  isolating  purposes-.  It 
has  often  been  employed,  and  has  been  frequentlv  recom- 
mended, but  experience  has  shown  that  while  at  first  it 
may  give  satisfaction  it  will  in  time  take  a  permanent 
set  and  become  compressed  to  stich  an  extent  that  it 
loses  practically  all  elasticity.  A  much  better  article 
than  this  is  required  for  effective  and  permanent  isola- 
tion, particularly  of  heavy  machinery,  such,  for  instance, 
as  the  "Mascolite"  foundation  felt  manufactured  by  Mit- 


chells, Ashworth,  Stansfield  &  Co.,  Ltd.,  of  London 
Eng.  The  system  of  dealing  with  vibration  advocatec 
by  this  firm  is  one  of  the  most  comprehensive  and  ef 
fective.  The  felts  are  specially  manufactured  in  threi 
grades,  the  first  of  which  is  a  plain  proofed  felt  ranging 
in  thickness  from  %  to  1  in.  This  is  only  used  on  com 
paratively  light  work  or  where  there  is  not  much  vibra 
tion.  In  the  second  type,  layers  of  the  same  felt  are  al 
ternated  with  thin  layers  of  cork,  the  whole  being  com 
pressed  tightly.  It  ranges  in  thickness  from  i/4  up  t( 
1^4  ill-  or  more,  and  finds  its  chief  use  for  engine  founda 
tions.  The  third  type  employs  a  thin  layer  of  vulcan 
ized  rubber  between  layers  of  felt  or  of  felt  and  cork 
The  rubber  is  usually  /%  in.  thick  and  the  complete  pac 
about  1  in.,  but  these  dimensions  can  be  varied. 

A  very  essential  point  with  all  isolating  substances  i 
that  they  should  be  thoroughly  waterproof,  and  thesi 
felts  are  specially  treated  to  that  end.  They  are  als( 
immune  from  the  depredations  of  insects  and  rats.     Iso 
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Fig.    1.    Method   of    Isolating    ForxoATiox 

latiou  of  this  class  may  lie  applied  in  two  ways.  It  ma; 
be  placed  underneath  the  main  body  of  the  foundatioi 
resting  on  a  small  subsidiary  block,  as  in  Fig.  1,  or  i 
may  be  inserted  between  the  engine  bedplate  and  th( 
top  of  the  foundation.  Fig.  2.  In  the  former  case  then 
is  no  difficulty  with  the  holding-down  bolts,  but  in  th( 
latter  it  is  necessary  to  isolate  them  by  bushes  where  the; 
pass  through  the  bedplate  and  also  to  place  vibration-ab 
sorbiug  washers  of  felt  under  the  nuts.  If  these  precau 
tions  are  not  taken,  the  vibration  of  the  bedplate  wil 
travel  to  the  foundation  block  through  the  bolts,  and  th( 
isolation  under  the  bedplate  will  be  of  little  avail.  Ai 
regards  the  important  question  of  permanent  set  undei 
load  and  consequent  loss  of  elasticity,  some  independeni 
tests  taken  on  felt  of  this  manufacture  showed  the  fol' 
lowintc  mean  results  for  the  three  classes: 


Original  thickness,  in 

Depression  in  in.  at  20,000  lb.  per  sq.ft 
Depression  in  in.  at  160,000  lb.  per  sq.ft 
Depression  in  in.  at  300,000  lb.  per  sq.ft 
Set  after  24  hr.  release  from  maximum  pres- 


Proofed 

Proofed 

Felt    and 

Felt    and 

Proofed 

3  Layers 

3  LaycK 

Felt 

of  Rubber 

of  Cork 

0  .5 

0.96 

1.02 

t....        0,041 

0  021 

0  047 

0.249 

0.120 

0  329 

0  299 

0.205 

0  458 

Cork 
Cork,  if  correctly  applieil,  is  a  good  isolating  mediuin 
and  has  been  much  used  in  the  form  of  ])lates  which,  o 
course,  have  to  be  built  up.  There  are  three  methods  c 
doing  this,  namely,  the  binding  together  of  small  pie« 
of  scrap  cork  by  means  of  a  suitable  cohesive  substam, 
and  pressure ;  a  similar  treatment  which,  however,  di 
penses  with  the  foreign  binding  material  and  relies  sol 
ly  upon  pressure  and  the  natural  oils  in  the  cork ;  and  ti 
most  modern  method  in  which  plates  are  constructed 
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niiuietrically  arranged  strips  of  treated  cork  bound  to- 
stlier  in  a  light  iron  frame.  As  regards  the  first,  it  has 
ieu  said,  and  probably  with  a  good  deal  of  truth,  that 
le  binding  substance  employed  fills  up  the  pores  of  the 
)rk,  which  give  it  its  high  elasticity,  and,  therefore,  de- 
roys  resiliency.  Further,  disintegration  is  always  to 
i  feared,  and  as  this  would  result  in  partial  or  total 
ittlement  of  the  foundation  the  objection  is  a  serious 
le.  The  second  method  is  free  from  the  first  and  per- 
ips  essential  disadvantage,  but  disintegration  is  to  be 
[ually  if  not  more  feared,  and,  therefore,  there  appears 
I  be  little  to  choose  between  the  two.  The  third  system 
the  best  and  most  reliable  arrangement,  but  it  is,  of 
mrse,  more  expensive.  The  manner  of  construction  is 
lown  in  Fig.  3,  from  which  it  may  be  seen  that  the 
rips   are   arranged   in   squares  formed  by  an   external 
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ght  iron  framework  and  internal  longitudinal  and 
.teral  struts.  The  cork  used  is  impregnated  in  a  pe- 
iliar  manner  in  order  to  increase  elasticity  and  mini- 
lize  decay,  and  the  plates  are  specially  built  to  suit  the 
lape  of  the  foundation  with  minimum  and  maximum 
licknesses  of  %  and  -1%  in.,  respectively. 
A  series  of  compression  tests  made  on  these  plates 
ave  average  results  as  follows : 


0  72 

0,50 

0.675 

0,394 

0.30S 


iginal  thickness,  in 

lickness  in  in.  under  load  of  350  lb.  per  sqin 
lickness  30  min.  after  load  was  removed,  in 
lickness  in  in.  under  load  of  2500  lb.  per  s.|  in 
lickness  30  min,  after  load  was  removed,  in 

El-\sti('    Buffkks    -vnd    Si'i;ix(is 

A  novel  and,  it  is  stated,  effective  method  of  isolation 

employed  by  the  British  Anti-Yibration  &  Noise  Co., 

td.,  of  Glasgow.     The  principle  is  illustrated  in   Fig. 

but  in  practice  the  arrangement  is  somewhat  different. 

n  the  diagram  one  of  the  feet  or  part  of  the  bedplate 

j  the  machine  is  rigidly  connected  by  a  stud  to  the  in- 

rnal   floating  part  of  the  device.     This  latter  part  is 

ipported  in  the  manner  shown  on  three  tension  mem- 

'rs,  of  which  the  tension  can  l)e  regulated  by  the  nuts 

[  as  to  equal  exactly  the  weight  of  the  machine.     By 

jeans  of  the  plates  at  the  outer  ends  of  the  rods  the 

resses  in  the  latter  are  transferred  to  the  buffers  which 

■e  built  up  of  a  number  of  elastic  plates  in  layers,  and 


from  these  to  the  rigid  part  of  the  device  which  is  fixed 
to  the  floor  by  lioldmg-down  bolts.  There  is  a  further 
elastic  buffer  placed  between  the  floating  and  the  rigid 
parts  at  the  top  of  the  former,  as  shown,  and  the  func- 
tion of  this  is  to  take  up  any  effect  which  may  tend  to 
raise  the  machine.  The  design  of  this  apparatus  allows 
it  to  absorb  both  horizontal  and  vertical  vibrations,  and 
also  combinations  of  the  two  or  elliptical  vibration.  Al- 
though it  would  appear  that  the  stability  of  a  machine 
might  be  aft'ected  by  mounting  on  such  devices  it  has 
been  found  in  practice  that  such  is  not  the  case.  If  the 
tension  of  the  elastic  buffers  is  properly  adjusted  there 
is  no  perceptible  movement  and  stability  is  not  impaired. 
A  very  large  variety  of  machines  have  been  mounted  up- 
on isolators  built  on  this  principle,  which  has  also  been 
applied  in  suitable  form  to  the  isnbilion  of  .shafting  brack- 
ets and  alternating-current  ti-aiislnrnici's. 

Springs  in  one  form  or  aiiullicr  ha\c  been  advocated 
for  isolation'  purposes,  and  there  is  no  doubt  that  for 
certain  classes  of  machinery,  notably  electric  motors,  the 
proposition  is  feasible.  It  is,  however,  usually  a  diffi- 
cult matter  to  arrive  at  the  ccu'rect  proportions,  and  this 
generally  involves  a  more  or  less  lengthy  process  of  trial 
and  error.  Springs  of  almost  every  type  have  been  em- 
ployed for  this  purpose,  including  C-springs  of  various 
forms,  helical  springs  and  coach  springs.  The  latter  are 
preferable  as  being  less  sensitive  on  account  of  the  fric- 
tion between  the  leaves  of  which  they  are  built.  This 
friction  damps  the  oscillation  and  provides  a  much  more 
stable  arrangement  than  is  possible  with  any  helical 
spring.  The  best  method  of  construction  is  to  mount 
the  motor  on  a  frame  of  stout  timbers,  to  the  sides  of 
which  two  or  four  coach  or  bow  springs  are  attached  by 
means  of  bolts  or  stirrups.  The  centers  of  the  springs 
are  fLxed  to  the  floor  in  any  suitable  way. 


Power  Progress  Display  at  1915 
Exposition 

A  feature  of  the  display  in  the  depai-tment  of  machinery- 
exhibits  at  the  Panama-Pacific  International  Exposition,  to  be 
held  in  San  Francisco  in  1915,  will  be  the  presentation  of 
the  successful  methods  of  power  development  which  have  been 
evolved   in   recent  years. 

The  exhibit  is  to  be  a  contemporaneous  one  and  not  of  a 
historical  character;  and  the  evolution  of  the  steam  engine, 
which  was  the  work  of  the  last  century,  will  play  only  a  very 
smaU  part.  The  increasing  demands  for  power  and  the  rising' 
cost  of  fuel  have  led  to  the  development  of  types  of  power 
producers  in  which  a  greater  percentase  of  tlie  latent  heat 
energy  in  the  fuel  inay  be  transformed  into  mechanical  power. 
These  developments  first  proceeded  along  the  lines  of  devisins 
types  of  apparatus  for  utilizing  steam  in  a  more  economical 
manner. 

Since  then  the  steam  turbine,  the  internal-combustion  en- 
gine, the  Diesel  engine  and  the  Humphiey  gas  pump  have 
been  developed,  in  some  cases  to  great  perfection.  The  above- 
mentioned  power  machines  will  constitute  the  main  part  of 
the   exhibit. 

J,J 

The  largest  water-power  permit  ever  issuec'  ny  the  Depart- 
ment of  Agriculture  was  signed,  July  16,  by  Secretary  Hous- 
ton, granting  rights  to  the  Pacific  Light  &  Power  Co..  of  Los 
.\ngeles,  Calif.,  to  operate  power  plants  in  the  Sierra  National 
Forest.  The  company  will  carry  electric  power  240  miles  to 
Los  Angeles  at  1,50,000  volts.  The  permit  allows  twelve  years 
for  construction.  Pour  power  houses,  two  reservoirs  and  25 
miles  of  cement-lined  tunnels  will  be  built.  Part  of  the  power 
will  be  used  for  pumping  water  for  irrigation  in  the  upper 
.San  Joaquin  Valley.  The  electric  current  will  be  carried  over 
a  double  steel-tower  line  on  aluminum  cables. — "New  York 
Times." 
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Flywheel  Wreck 


A  10x12  center-crank  Atlas  automatic  engine  in  the  plant 
of  the  Standard  Box  &  Lumber  Co.  wrecked  itself  recently. 
The  engine  was  driving  two  small  generators  which  were  used 
for  liprhting  the  plant,  one  belt  from  each  of  the  flywheels. 
The  automatic  governor  failed,  allowing  the  engine  to  run 
away.  The  engineer  was  just  outside  the  engine-room  door 
and  heard  the  exhaust  increase.  He  started  to  go  in,  but  saw 
the  danger  and  ran  to  the  boiler  room  to  shut  off  the  steam, 
but  was  too  late.  .\s  the  engine  gained  speed  both  belts  left 
the  wheels,  bending  one  of  the  armature  shafts  and  wrecking 
the  pulley  on  the  other  one.  Both  the  engine  flywheels  burst. 
Pieces  going  through  the  roof  struck  a  box-car  standing  400 
ft.  away  on  a  side  track  tearing  the  corner  off  the  roof  and 
finally  landed  in  a  vacant  lot.  Smaller  pieces  struck  one  of 
the  main  engines  and  carried  away  part  of  the  oil  cups.  One 
large  piece  went  through  the  end  of  the  mill,  tearing  a  large 
hole  and  lit  in  the  river,  barely  missing  a  man  who  was  work- 
ing on  the  log  boom.  Another  piece  went  through  a  1-in. 
partition,  striking  the  engineer's  tool  chest,  and  carried  away 
the  top  and  both  ends,  then  went  through  the  side  of  the 
mill. 

The  switchboard  was  completely  demolished  by  flyinK  Junk. 
Xo  one  was  injured. 

Western  Plants  Affected  by  Dry 
Weather 

That  the  water  supply  of  Lake  Tahoe  will  be  insufficient 
for  power  purposes  this  year  is  the  statement  made  by  en- 
gineers in  the  employ  of  the  Truckee  River  General  Electric 
Co.  after  making  examinations,  surveys  and  collecting  data 
and  statistics  on  the  present  supply  of  water  in  the  lake. 
Plans  are  being  laid  to  meet  the  emergency,  but  it  Is  con- 
ceded that  the  outlook  is  very  gloomy. — "Engineering  Rec- 
ord." 


Kelvin  Window  Dedicated 

The  Kelvin  window  in  Westminster  Abbey,  which  has  been 
purchased  by  the  members  of  British  and  United  States  en- 
gineering societies,  is  now  complete,  and  the  ceremony  of 
dedication  took  place  July  15.  The  window  adds  one  more  to 
the  group   erected   to   the   memory  of  great   engineers. 

The  design  for  the  window  has  been  prepared  by  J.  N. 
Comper,  who  was  also  entrusted  with  the  manufacture  of  the 
glass.  The  sum  subscribed  amounted  to  over  JSOOO.  The  in- 
scription on  the  window  reads:  "In  memory  of  Baron  Kelvin 
of   Largs,    Engineer,   Natural    Philosopher.      B.    1S24.      D.    1907." 


property  is  secured  first  and  the  valuation  figured  from  that. 
In  this  case  the  purpose  of  the  valuation  is  to  fix  an  income 
rate  which  will  be  equitable  to  both  company  and  con- 
sumer. The  approximate  method  will  be  to  figure  the  repro- 
duction cost  of  the  construction  minus  a  deterioration 
charge  and   to  appraise   real   estate   at   a    market   value." 


I  SOCIETY     NOTES  I 

The  annual  convention  of  the  Illuminating  Engineering  So- 
ciety in  Pittsburgh,  Sept.  22  to  26,  is  particularly  fitting  as 
the  city  will  be  celebrating  the  125th  anniversary  of  Alle- 
gheny County.  The  visitors  will  see  Pittsburgh  in  its  holi- 
day attire  and  witness  many  special  illuminating  features. 
The  papers  committee  has  secured  a  number  of  papers  the 
subjects  and  authors  of  which  are  sufficient  to  attract  favor- 
able attention. 

The  first  International  Exposition  of  Safety  and  Sanitation 
held  in  America  will  take  place  in  New  York  City,  Dec.  11  to 
20,  under  the  auspices  of  the  American  Museum  of  Safety 
and  health  in  every  branch  of  American  industrial  life,  manu- 
facturing, trade,  transportation  on  land  and  sea,  business,  en- 
ginering,  in  all  of  their  subdivisions  will  be  represented  at 
this  exposition.  There  will  be  no  limit  to  the  scope  of  the 
exposition:  it  will  embrace  everything  devoted  to  safety, 
health,  sanitation,  accident  prevention,  welfare  and  the  ad- 
vancement of  the  science  of  industry.  By  a  special  act  of 
Congress,  exhibits  from  foreign  countries  are  to  be  admitted 
free  of  duty.  European  employers  have  cut  their  accident  and 
death  rate  in  half  by  a  persistent  campaign  for  safety.  Tliere 
are  21  museums  of  safety  in  Europe,  all  of  which  will  con- 
tribute   to   the   American    Exposition. 

The  American  Boiler  Manufacturers  Association  will  hold 
its  twenty-fifth  annual  convention  in  Cleveland,  Ohio.  Sept.  1  to 
4,  with  headquarters  at  the  HoUenden  Hotel.  This  conven- 
tion will  prove  of  special  interest  to  boiler  and  tank  manu- 
facturers and  steel-plate  users  in  consequence  of  the  proposed 
adoption  of  the  standard  and  uniform  boiler  specifications,  also 
from  the  fact  that  this  celebrates  the  silver  anniversary  of 
the  Association.  As  Cleveland  is  centrally  located,  a  large 
attendance  is  expected  from  Canadian  and  United  States 
manufacturers  and  allied  interests.  The  local  committee  has 
provided  an  excellent  program  of  entertainment  for  the  visit- 
ing ladies,  and  an  excursion  on  the  lake,  Sept.  3.  for  the  mem- 
bers and  guests.  The  convention  will  conclude  with  a  ban- 
quet Thursday  evening,  Sept.  4.  All  of  the  manufacturers 
and  users  of  steel  plate  are  invited  to  attend  the  convention. 
Resei'vatiuns  foi-   rooms  shf)uld   be  .'nad^  at   once. 


To  Fix  Power-Plant  Valuations 

On  July  25,  a  Washington  dispatch  states,  city  attorneys 
and  city  engineers  from  22  municipalities  in  Yakima,  Benton, 
Franklin  and  Walla  Walla  counties,  Washington,  will  meet 
in  North  Yakima,  to  begin  preparations  for  the  hearings  be- 
fore the  state  public  service  commission  to  fix  the  valuation 
of  the  electric-power  properties  of  the  Pacific  Power  &  Light 
Co. 

The  total  valuation,  between  $10,000,000  and  $15,000,000, 
will  be  used  as  the  basis  for  rates  for  current  which  the  pub- 
lic   service    commission    "will    fix    for    each    community. 

Among  the  cities  represented  will  be  North  Yakima.  Walla 
Walla.  Waitsburg,  Dayton,  Pasco.  Kennewick,  Richland.  Han- 
ford,  White  Bluffs,  Prosser,  Kiona.  Benton,  Grandview,  Mab- 
ton,   Sunnyside.   Granger,    Toppenish,    Zillah   and    Yakima   City. 

The  hearing  was  decided  upon  by  the  public  service  com- 
mission last  winter  in  response  to  complaints  from  White 
Bluffs,  Pasco,  North  Yakima  and  other  cities  as  to  rates 
charged  by  the  company.  For  the  last  two  months  state 
commission  engineers  have  been  working  in  the  field  and  in 
the  headquarters  ofBce  of  the  company  in  Portland,  prepar- 
ing data  on  which  will  be  based  the  finding  as  to  aggregate 
value. 

At  that  hearing  the  state,  the  power  company  and  each 
municipality    will    be    represented    by    counsel. 

"The  method  which  will  be  used  in  determining  the  value 
of  the  property  will  be  far  different  from  that  of  fixing  the 
value  of  any  property  for  an  assessment  or  for  a  sale  or 
mortgage,"  said  G.  O.  Shumate,  city  attorney  of  North  Yak- 
ima, who  issued  the  call  for  the  meeting  of  the  municipal  at- 
torneys and  engineers  here. 

"For  an  assessment  or  a  mortgage  the  earning  power  of  a 


PERSONALS 


Prank  Morrison  has  been  appointed  chief  engineer  of  the 
power  station  of  the  Union  Traction  Co.,  Coffeyville,  Kan.,  to 
succeed   O.    E.   Polk. 

C.  S.  De  Witt,  formerly  superintendent  of  the  National 
Machine  Works,  has  taken  the  position  of  chief  engineer  of 
the   Bartlett   Bldg.,  Atlantic  City,   N.  J. 

Colonel  George  W.  Goethals,  chairman  of  the  Isthmian 
Canal  Commission  and  chief  engineer  of  the  Panama  Canal, 
has  consented  to  accept  the  honorary  presidency  of  the  Inter- 
national Engineering  Congress  and  will  preside  over  the  gen- 
eral sessions  to  be   held   in  San   Francisco  Sept.   20-25,   1915. 

F.  Z.  Nedden,  of  London,  England,  has  been  appointed 
engineer  in  charge  of  the  centrifugal  pump  department  of 
the  Goulds  Manufacturing  Co.,  Seneca  Falls,  N.  Y.  Mr.  Nedden 
was  educated  at  the  University  of  Berlin  in  Germany.  For 
seven  years  he  was  employed  in  the  shops  of  the  Berliner 
Maschinenbau  A.  G.  vormals  L.  Schwartzkopff  in  Berlin  and 
Wildau.  From  1906  to  190S.  Mr.  Nedden  was  assistant  pro- 
fessor at  the  Technical  University  at  Aix-la-Chapelle.  In 
190S,  after  a  trip  through  Europe  to  investigate  the  manu- 
facture and  application  of  high-lift  turbine  pumps  he  entered 
the  machine  and  pump  factory  of  Weise  &  Monski,  Halle.  Ger- 
many, where  ho  developed  a  series  of  high-lift  turbine  pumps. 
In  1910  he  was  transferred  to  the  firm's  London  headquarters, 
where  he  had  charge  of  its  English  and  Colonial  business.  Mr. 
Nedden  is  the  author  of  several  textbooks  in  German,  some 
of  which  have  been  translated  into  Englisn.  He  is  a  mem- 
ber of  the  Verein  Deutsches  Ingenieure  and  other  technical 
and  engineering  societies. 
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An  Anxious  Moment 


"You  have  been  with  us  quite  a  while, 
George!" 

"Nearly  fifteen  years,  sir" — a  moment's 
silence. 

"Ahem,  we  have  decided  to  tear  out  our 
present  plant,  with  all  its  antiquated  equip- 
ment, which,  although  all  right  in  its  day,  has 
outlived  its  usefulness.  We  will  install  a  first- 
class,  uptodate  plant,  water-tube  boilers,  me- 
chanical stokers,  centrifugal  pumps,  turbo- 
generators, and  use  motors  to  drive  the  ma- 
chines direct. 

"Could  you  handle  that  type  of  plant, 
George?" 


^W..    //   .^^yf^-'^^"^' 


What  would  your  answer  have  to 
be? 

If  George  has  used  his  spare  time  for  the 
past  20  years  improving  his  mind  and  train- 
ing himself  for  the  change  that  will  come  to 
all  of  us  sooner  or  later,  the  anxiety  will  not 
last  long. 

But,  if  he  has  just  drifted  along  with  the 
times,  taking  things  as  they  come,  just  attend 
ing  to  his  duties  and  allowing  his  interest  in 
engineering  to  end  with  the  day's  work,  he 
will  take  second  place  or  join  the  ever-increas- 
ing crowd  of  ex-engineers. 
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How  Boiler  Plate  Is  Made 


By  Charles  H.  Beomley 


SYNOPSIS — Tlic  reader  virtuaUij  lakes  a  trip  through 
the  mills  and  sees  the  maniifac luring  process  from  the 
stocli  pile  to  the  finished  product.  The  spinning  of 
flanged,  bumped  boiler  heads  is  described.  The  imper- 
fections which  sometimes  exist  in  the  manufacture  of 
the  plate  and  which  affect  the  malerial  for  boiler  pur- 
poses are  illustrated  and  explained. 

The  Stock  Pile 
The  manufactvire  of  steel  boiler  plate  reallj'  begins  at 
the  stock  piles,  of  which  there  are  tisually  two,  one  con- 
sisting of  pig  iron  and  the  other  of  melting  scrap. 


the  boxes  to  prevent  an  accumulation  of  water  therein 
which  if  dumped  into  the  furnace  might  cause  a  serious 
explosion. 

Chargixct  the  Melting  Furnace 

When  the  train  load  of  boxes  is  left  in  front  of  the 
melting  furnaces  the  horizontal  arm  of  a  charging  crane 
slips  into  a  slot  in  the  end  of  the  box  and  lifts  the  latter 
into  the  furnace.  Fig.  2  shows  the  crane  holding  the  box 
which  is  shown  at  the  right. 

Tlie  melting  furnaces,  holding  -50  tons  of  metal,  are 
heated  with  gas  furnished  by  gas  producers;   the  teni- 


FiG.    1. 


Chargixg   Boxes  with   Scrap   ox  Way  to 
Meltixg  Furnace 


Some  of  the  scrap  is  comparatively  free  from  phos- 
phorous, but  the  remainder,  consisting  of  steel  rails  and 
the  usual  kinds  of  scrap  purchasable  in  the  market,  con- 
tains more  phosphorus  than  is  permitted  in  good  boiler 
plate. 

The  pig  iron  also  usually  contains  still  more  phos- 
phorus than  the  scrap. 

This  material,  however,  may  be  dephosphorized  by 
being  melted  in  a  furnace  containing  a  charge  of  lime- 
stone, which  when  the  whole  mass  is  melted  absorbs  the 
excess  phosphorus. 


Fig.  3.     Pouring  Steel  into  Ingot  Molds 


Si 


Fig.  2.  Crane  for  Charging  Furnace  ■with 
Scrap 


Fig.  4.  Blooji  after  Passing  through  CoNTiNUors- 
Furnace 


Large  gantry  cranes   carrying  magnets  load   the   pig  perature  maintained  is  about  3000  deg.  F.,  at  which  the 

iron  and  scrap  into  the  charging  boxes.     Fig.   1  shows  steel  boils.     The  gas-ilame  current  playing  over  the  top 

a  number  of  these  boxes  loaded  and  on  their  way  to  the  of  the  metal    is   reversible.     A  "lieat"   is  poured  every 

melting  furnaces.     Holes  are  drilled  in  the  bottoms  of  twelve  hours. 


August  19,  19ir,  POWER 

POUKING  THE  MOLTEN   SteEL 

The  pouring  side  of  the  melting  furnaces  is  shown  in 
Fig.  3.  Here  a  heat  is  being  poured  into  the  ingot  molds 
from  the  bottom  of  a  ladle  which  holds  the  entire  con- 
tents of  the  furnace.  This  method  of  pouring  is  known 
as  "bottom"  pouring  because  the  molten  steel  is  poured 
into  a   form  having  passages  leading  to   the  bottom  of 
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time  it  goes  through  the  mill.  The  work  is  kept  in  rapid 
motion  until  the  plate  is  reduced  to  the  desired  thickness, 
which  is  indicated  by  a  gage  used  by  the  attendant.  The 
long  levers  hung  by  chains  from  the  top  of  the  rolls  are 
used  to  turn  the  billet  so  tliat  it  will  enter  the  rolls  prop- 
erly. 

Oxidization  occurs  on  the  surface  of  the  ingot  due  to 
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Fig. 
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each  mold,  the  metal  rising  to  the  top  of  the  molds  as 
the  pouring  is  continued. 

Sometimes  the  steel  does  not  contain  the  specified 
amount  of  carbon  and  this  shortage  is  not  discovered 
until  the  metal  is  being  poured  into  the  ladle.  To  make 
up  this  shortage  several  bags,  like  flour  sacks,  are  kept 
full  of  a  high  grade  of  Xo.  3  buckwheat  coal.  These 
bags  are  thrown  into  the  molten  steel  as  it  flows  to  the 
ladle.  The  coal  is  immediately  consumed  and  some  of 
its  carbon  content  added  to  the  steel. 

Heating  the  Ingots  for  Rolling 

1  The  ingots  vary  in  weight  from  5(10  to  25,000  lb. 
Marine  steel  plate  being  heavy,  it  is  rolled  from  the  larger 
ingots.  After  the  steel  in  the  molds  has  solidified  and 
while  the  ingots  are  quite  hot  they  are  carried  by  cranes 
to  the  continuous  furnaces.  Here  the  ingots  are  put  in 
at  one  end  and  carried  through  to  the  other,  being  white 
hot  when  they  are  dropped  out  at  the  terminal  end,  as 
shown  in  Fig.  4,'  which  illustrates  a  heated  ingot  just 
dropped  from  the  furnace. 

Rolling  thk  Ingots  into  Plates 

In  blooming  mills  the  ingots  are  rolled  into  blooms 
and  these  are  cut  into  billets  which  are  carried  by  high- 
speed electric  cranes  and  dropped  on  the  stationary  feeder 

Is  of  the  plate  mill.  Fig.  5.  The  illustration  shows 
a  '■fliree-liitrh"  mill,  so  called  hccause  it  has  tliree  reduc- 


the  cooling  action,  and  if  the  scale  were  not  removed  it 
would  be  rolled  into  the  metal  producing  a  defective  plate. 
Therefore  a  steam  pipe  is  provided  with  nozzles  point- 
ing downward  to  deliver  steam  jets  for  blowing  the  loose 
scale  off  the  ingot.  Sometimes  the  scale  adheres  so  firmly 
that  the  steam  jets  are  not  strong  enough  to  remove  it. 
At  such  times  common  salt  is  thrown  over  the  surface  of 
the  plate.  The  salt  causes  violent  explosions  as  the  plate 
l^asses  through  the  rolls.  The  scale  is  thus  loosened  and 
llicn  is  Idown  from  the  plate  by  tho  steam  jets. 


Via.  S. 


Fig.  6.  Form  oi'  a  Steel  Test-Pikci; 

ing  rolls.  The  second  set  of  feeder  rcills  shown  at  the 
end  of  the  stationary  feeder  rolls  may  iie  tijipcd  so  as 
to  come  in  line  with  the  upper  or  lower  reducing  rolls. 
In  a  mill  so  made  the  hot  metal  passes  through  the 
mill  between  the  middle  roll  and  the  upper  roll  when 
going  one  way,  and  when  returning  is  passed  lietween  the 
lower  roll  and  the  middle  roll,  being  made  thinner  each 


ilAc'HiN't:  FOi!  Testing  Elasticity  and  Ti:n- 
siLK  Stkengtii  of  Plate 


It  will  be  undersldod  that  the  space  Ijetween  the  reduc- 
ing rolls  is  adjuste(l  each  time  the  hot  nu^tal  passes 
through  the  mill. 

From  its  more  frequeiit  use  the  middle  roll  wears 
more  rapidly  than  the  upper  and  lower  rolls.  This  mid- 
dle roll  is  taken  out  and  trued  up  in  a  large  roll  lathe, 
and  the  top  and  bottom  rolls,  which  are  larger,  are  trued 
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up  ill  position  liy  (liscomiociiuf:  the  iiiniii  sluifi  am! 
substituting  motor  drive  tlirougli  guars  to  obtain  a  slow 
speed,  a  tool  rest  being  provided  in  front  of  llu'  roll. 
Each  mill  is  driven  by  its  own  engine,  which  usually  is 
of  3000  or  4000  horsepower. 

As  the  plate   is  more  or   less  wavy   as   it  eonies  from 
the  mill,  it  is  continued,  while  hot,  to  the  straightening 


Fio.  i).     Ci'TTixG  Plate  fot?  Boilkh  Hicads 

rolls.  Fig.  7.  After  being  straightened  the  plate  is  car- 
ried at  right  angles  to  the  rolls  and  is  later  tijiped  iip 
so  that  both  sides  may  he  inspected  for  defects.  The 
white  object  in  the  middle  distance,  Fig.  7,  is  a  plate, 
tipped  for  inspection.  The  plate  is  next  trimmed  and 
cut  into  sheets. 

Testing  thk  PhysicAl  Properties  op  tub  Plate 
The  finished  plate  is  next  given  a  number  and  series 
mark  and  a  "coupon"  piece  cut  from  it  which  is  also 
given  the  same  number  and  .series  mark.  The  "coupons" 
are  of  a  unit  size  and  milled  out  to  the  shape  shown  in 
Fig.  fi. 

To  test  for  clastic  limit  (permanent  stretch)  and  ten- 
sile strength,  the  machine.  Fig.  8,  is  used.  After  the 
ends  of  the  test  piece  have  been  gripped  in  .laws,  one 
stationary  and  the  other  ino\al)le,  the  ]iiece  is  nulled  until 
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Fig.  10.     Spixxixg   Flaxges  ox  Boilet(-T-Tt;ad  Plate 


the    clastic    limit 
pull    necessary   to 


is    reached.      The    numtier    of    pounds 

, ...,     ,„    reach    this    limit    is    recorded.      Xext 

conies  the  tensile-strength  test.  The  ])u]l  is  continued, 
stretching  the  piece  until  it  finally  breaks,  and  the  pull 
necessary  to  jiroduce  the  break  is  also  recorded.  The 
ductility  is  determined  by  the  annnint  of  stretch  or  elon- 
gation   hetween    two    points    marked    S    in.    apart    before 


]iulling.  As  an  additional  test  for  diiclility.  a  \>'u'w  iaj 
subjected  to  a  bending  stress  by  being  placed  vertically 
in  a  hydraulic  press  and  bent  donble.  If  the  piece  breaks 
or  fractures  it  has  not  withstood  the  test. 

Si'ixxixG  Fla.vges  on  Pi, ATI'S  foi;  P>o];,i:!;  IIkvh 
The  plate  is  cut  into  circular  pieces  of  the  reqiiiixd 
diameter  by  rotary  shears  shown  in  Fig.  9.  The  pieces 
are  then  jjlaced  in  a  furnace  which  heats  the  entire  plate, 
after  which  the  plate  is  placed  in  the  spinning  machine, 
Fig.  10,  and  the  flanges  turned  down.  In  the  illustra- 
tion the  plate  is  shown  in  the  macliiiic  after  the  flange 
has  been  spun. 

To  put  in  a  plate  the  top  die  is  raised,  and  lowered, 
again  after  the  plate  is  centered,  the  vertical  rollers  mov-. 
ing  in  toward  the  plate  pushing  it  central  on  the  dies. 
The  machine  is  then  started  and  as  the  plate  revolveSj 
the  wheel,  indicated  by  the  arrow,   is  moved  toward  the 
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\\ard,  describing  an  arc.  This  process  causes  the  plate 
to  be  jDressed  down  over  the  die  without  kinking,  thus 
securing  a  uniform  curvature.  The  head  is  again  heateJ 
locally  preparatory  to  being  fitted  with  a  manhole  flange 
and  cover. 

Imperfections  ix  thu  Ixgots 
As  the  steel  cools  in  the  molds  a  .steadily  thickening 
wall  of  solidified  metal  forms  at  the  sides  of  the  mold. 
A  current  of  gas  bubbles  rises  next  to  the  solidified  wall 
while  a  downward  current  is  created  in  the  center  of  the 
liquid  metal.  This  thoroughly  mixes  the  carbon  ami 
other  hardening  elements  in  the  liquid  portion,  but  niuoli 
of  these  elements  are  expelled  from  the  solidifying  wall, 
consequently  the  liquid  portion  continually  gains  in  thei^e 
elements.     This  action  is  shown  in  Fig.  11. 

Eventually  the  metal  reaches  a  temperature  where  it  be- 
comes plastic,  preventing  gas  formation  or  currents.  The 
segregation  of  the  hardening  elements  ceases  and  the 
metal  inclosed  by  the  zone  of  gas  bubbles  solidifies  in  a 
mass  of  comparatively  uniform  character. 

The  test  pieces,  previously  mentioned,  are  usually  cut 
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from  slieariiijj's  I'roni  the  edges  of  the  ]ihitos  mid  tlu'rcforo 
represent  the  metal  which  M-as  jnirt  of  the  solihed  wall 
ill  the  cooling  iugot,  and  which  is  much  softer  than  the 
metal  in  the  center  of  the  plate. 

For  carrying  high  pressiires,  a  plate  of  hii^ii  tensile 
streugtli  is  usually  specified,  and  due  to  the  conditions 
of  manufacture,  this  often  results  in  the  use  of  material 
so  hard  in  its  interior  parts  as  to  suffer  distress  in  work- 
ing to  shape.  This  reduces  the  actual  factor  of  safety 
allowed  in  the  finished  boiler.     To  prevent  trouble  aris- 


ing from  the  above  conditions,  some  authorities  recom- 
mend that  ductility  be  introduced  as  a  factor  in  conjunc- 
tion with  tensile  strength  to  determine  the  allowable 
working  stresses  so  that  a  steel  of  lower  tensile  may  be 
used,  if  it  shows  a  corresponding  increase  in  ductility. 

The  writer  expresses  thanks  to  Charles  L.  Huston,  vice- 
jiresident  of  the  Lukens  iron  &  Steel  Co.,  Coatesville, 
Penn.,  for  his  kindness  in  showing  him  through  the 
works  and  enabling  him  to  olitain  tlic  information  con- 
tained in  the  article. 


Adaptation   of  Boiler  to  Available  Coal 


By    IIkxuv    KiiKisixiJKit  and  Waltei;  T.  1;.\y 


SYNOPSIS — Description  ami  siiiuinarij  of  lexis  xlioir- 
l)ir/  the  economic  effect  of  changing  the  baffle  arrange- 
iiiciit  in  a  horizontal  water-tube  boiler  for  use  with  coals 
of  different  characteristics.  The  tests  cicartij  show  the 
adraidage  of  giving  the  gases  pteiittj  of  room  in  irhicti  In 
hum. 

The  coals  (d"  the  -Xcw  Eive!'  and  Pocahontas  fields  dif- 
fer considerably  from  those  of  A'irginia  and  still  more 
from  those  to  the  southwest,  in  tliat  the  first-mentioned 
contain  about  20  per  cent,  of  volatile  matter  and  the  re- 
mainder 30  per  cent,  and  more.  In  addition,  the  oxygen 
content  is  low,  so  that  the  volatile  comlnistibles  run  high. 
Coals  high  in  volatile  matter  and  low  in  oxygen  need 
plenty  of  room  in  which  to'  burn  and  the  high  rate  of 


iiy 


Fig.  1.     The  Test  Boilee  with  Vertical  Bafeles 

combustion  obtainable  on  a  com]iaratively  small  grate  sur- 
face renders  such  coals  desirable  when  working  boiler  in- 
vestments at  a  high  rate.  That  is  to  say,  the  fixed  carbon 
rcsiduiinis  of  all  coals  burn  on  gi'ates  at  about  the  same 
lati's  under  the  same  conditions  of  draft,  etc.,  and  any 
burning  of  volatile  matter  in  the  space  above  and  lieyoiid 
|the  fuel  bed  means  so  much  additional  ca])acity  or  in- 
creased rate  of  steam  production. 

Ob.ject  of  Tests 

The  object  of  the  tests  herein  described  was  to  deter- 
mine whether  by  bafihng  the  boiler  horizontally,  thereby 
obtaining  a  larger  combustion  space  in  the  furnace,  high- 
volatile  coal  could  be  burned  with  good  results  and,  at 
the  same  time,  to  determine  whether,  with  the  horizontal 

•Abstract  of  paper  presented  to  Western  Society  of  Engi- 
neers,   Cliicago,    June    2. 


baffle,  Pocaiioutas  t'oal   could    lie   burned  as  ccononiica 
as  with  the  standard  vertical  liulllc 

Two  kinds  of  coal  were  used   in  the  tests,  Pocahontas 
:uid  Clinchfield.     The  Pocahontas  coal  was  from  Mercer 


Fi(i.   2.     Boiler  Baffled   Hoiuzoxtally   fok   Secoxd 
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County.  W.  \'a.,  and  the  Clinrlilidd  coal  was  from  Dante, 
\'a.  All  coal  used  in  the  tests  was  straight  run-of-mine. 
Scoi'K  OF  Ti-'.sts 
The  tests  were  made  in  three  scries:  The  first  con- 
sisted of  seven  tests,  witli  the  lioilcr  hafiled  vertically  as 
installed  by  the  maker.  The  hicalion  of  the  bafilcs  and 
the  principal  features  of  the  boiler  arc  shown  in  Fig.   1. 
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Boileu    Bafflicd  Foi!    Thuee    Passes   among 

Tl'HES 


Four  tests  of  this  series  were  nuulc  with  Clinchfield  coal 
and  three  with  Pocahontas. 

The  second  series  consisted  of  seven  tests  with  the  same 
boiler  baffled  horizontally   in  suidi  a  way  that  the  space 
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beyond  the  bridf^e-wall  wiis  used  as  a  combustion  chamber, 
the  burning  gases  passing  lengthwise,  first  under  the 
boiler  and  then  twice  among  the  tubes  and  out  through 
the  breeching.  The  heating  surface  of  the  drums  was  not 
used  with  this  baffling.  The  arrangement  of  the  baffles 
and  the  path  of  the  ga.ses  are  shown  in  Fig.  2.  Three  of 
these  tests  were  made  with  Pocaliontas  coal  and  four  with 
Clinchfield  coal. 

The  third  series,  consisting  of  five  tests,  was  made  with 
the  same  boiler  baffled  horizontally  in  such  a  way  that  the 
gases  i>assed  lengthwise  under  the  boiler  as  in  the  second 
series,  then  three  times  among  the  tubes  and  finally  un- 
der the  steam  drums  and  out  through  the  breeching.  The 
arrangement  of  the  baffles  and  the  path  of  ga.?es  are  shown 
in  Fig.  3.  Three  tests  of  this  series  were  made  with 
CHnebfield  coal,  and  two  with  Pocahontas. 

Method  of  Conducting  the  Tests 

All  19  tests  were  run  under  the  actual  operating  condi- 
tions of  the  plant.  Usually  the  tests  w^ere  begun  in  the 
morning  when  the  work  at  the  mill  was  started  and  were 
run  through  the  day  (wiUi  a  30-min.  stop  at  noon)  until 
6  o'clock  in  the  evening,  when  the  mill  was  shut  down.  At 
noon  the  main  engine  was  stopped  and  there  was  no  de- 
maud  for  steam  for  about  30  min.  During  this  period  the 
chimney  damper  was  closed.  During  the  tests  all  coal 
burned  was  carefully  weighed  in  a  wheelbarrow  and  the 
water  used  in  the  boiler  was  measured  in  a  special  tank 
and  fed  with  an  injector  into  the  test  boiler.  The  tem- 
perature of  the  feed  water  was  determined  in  the  measur- 
ing tank,  inasmuch  as  the  water  in  the  suction  tank  was 
always  hotter  on  account  of  the  overflow  from  the  in- 
jector. The  temperature  of  the  outside  and  inside  air, 
as  well  as  that  of  the  escaping  flue  gases,  was  determined. 
In  most  of  the  tests  samples  of  the  flue  gases  were  col- 
lected and  analyzed  in  an  Orsat  apparatus.  Records  of 
steam  pressure  and  drafts  were  also  kept.  These  records 
made  it  possible  to  compute  the  results  accurately  and 
express  them  in  pounds  of  water  evaporated  per  pound 
of  coal.  During  each  test  the  blowoft'  piping  was  discon- 
nected and  the  amount  of  leakage  measured. 

In  starting  and  stopping  the  tests,  a  modification  of 
the  "alternate  method"  was  used.  The  fire  was  cleaned 
either  early  in  the  evening  or  at  about  4  o'clock  in  the 
morning;  it  was  then  banked  and  left  in  that  condition 
until  about  5:30  o'clock.  At  that  time  the  banked  coal 
was  spread  over  the  grate  and  more  fresh  coal  was  fired 
two  or  three  times.  Before  starting,  the  firing  was  sus- 
pended for  15  or  20  min.  so  as  to  have  a  thin  uniform 
layer  of  hot  coke  on  the  grate. 

When  starting  the  tests  the  fuel  bed  was  carefully 
leveled  and  its  thickness  measured  by  dipping  into  it  the 
prongs  of  the  rake  and  noticing  to  what  depth  the  prongs 
sank  into  the  fuel.  The  thickness  of  the  fuel  bed  when 
the  test  was  started  was  usually  about  2  in.  or  even  less. 
The  object  of  starting  with  a  thin  fire  was  to  reduce  the 
error  in  estimating  the  thickness  of  the  bed.  The  height 
of  water  in  the  gage-glass  and  in  the  suction  tank  was 
measured  and  recorded. 

When  closing  the  tests  the  fire  was  burned  down  to  the 
same  thickness  as  at  the  start.  The  thickness  in  this 
case  was  measured  above  the  layer  of  clinker  and  a.sb. 
Also  at  this  time  the  water  in  the  gage-glass  was  brought 
as  nearly  as  practicable  to  the  same  height  as  when  the 
test  was  started.     In  ca^e  the  fuel  bed  was  burned  down 


to  the  right  thickness  before  the  water  in  the  gage  could 
be  brought  to  the  same  level  as  it  was  at  the  start,  the 
test  was  closed  and  corrections  were  made  for  the  diifcr- 
ence  in  water  level. 

The  first  was  not  cleaned  before  closing  the  test  for  two 
reasons,  namely :  In  the  regular  operation  of  the  plant 
tlie  fires  were  never  cleaned  before  the  end  of  the  day  - 
run,  and  it  was  desirable  to  make  the  tests  under  as  nem 
ly  regular  operating  conditions  as  possible.  It  would  lin  - 
been  difficult  to  keep  up  the  steam  pressure  if  the  tii 
had  been  cleaned  while  the  mill  engine  was  running. 

Soon  after  starting  each  test  the  ashpit  was  cleaned 
and  the  fire  was  run  all  day  without  removing  any  clinker 
from  the  furnace  or  any  ashes  from  the  ashpit.  About 
half  an  hour  before  closing  the  test  the  ash  from  the  ash- 
pit was  removed,  weighed  and  charged  to  the  test.  About 
10  min.  after  closing  the  test,  the  fire  was  cleaned  and 
all  the  refuse  pulled  out  from  the  furnace  was  weiglicd 
and  also  charged  to  the  test.  Ordinarily,  when  no  test 
was  run,  the  fire  was  not  cleaned  until  about  4  o'clock  in 
the  morning. 

As  the  coal  used  in  the  tests  was  weighed,  a  shovelful 
was  taken  from  each  wheelbarrow  for  a  sample.  The 
sample  thus  collected  was  carefully  quartered  and  sent 

TABLE  I      CHIEF  DIMENSIONS  OF  TEST  BOILER 

Type  of  boiler horizontal  water  tube 

Capacity  as  rated  by  builders,  boiler  horsepower 250 

Number  of  horizontal  rows  of  tubes 9 

Number  of  tubes  in  each  horizontal  row 14 

Total  number  of  tubes  in  boiler \2Ct 

Diameter  of  tubes,  in ■ 4 

Length  of  tubes,  ft 18 

Number  of  steam  drums 2 

Length  of  steam  drums,  ft , 2[i  '^ 

Diameter  of  steam  drums,  in 

Water  heating  surface  of  tubes,  sq.ft ii  . 

Approximate  water-heating  surface  of  drums,  sq.ft 1 ' 

Furnace 

Width  of  grate,  in 96 

Depth  of  grate,  in .  .  72 

Height  of  bridge-wall,  in. 20 

Kind  of  Grate  shaking 

Approximate  width  of  air  spaces,  in i 

Approximate  percentage  of  air  spaces .30 

Total  grate  area,  sq.ft 4s 

Stack 

Diameter  of  steel  stack,  in 4s 

Height  of  stack,  ft so 

Approximate  length  of  steel  breeching,  ft 10 

Size  of  steel  breeching,  ft 4x4 

Gas  Passages 
Length  of  gas  path  among  boiler  tubes  with  standard  three-pass  vertical 

baffling,  ft 1.3  .'> 

Length  of  g-os  path  among  boiler  tubes  with  two-pass  horizontal  bafQing,  ft.  30  n 
Length  of  gas  path  among  boiler  tubes  with  three-pass  horizontal  baffling. 


ft.. 


45.(1 


Clear  cross-section  of  gas  passages  of  two-pass  horizontally  baffled  boiler . 

Over  bridge-wall,  sq.ft 8  1 

First  pass,  sq.ft 14  ' 

Second  pass,  sq.ft S 

Clear  cross-section  of  gas  passages  of  tiiree-pass  horizontally  baffled  boiler 

Over  bridge-wall,  sq.ft 1' 

First  pass,  sq.ft 

Second  pass,  sq.ft 

Third  pass,  sq.ft 

to  a  chemical  laboratory  fur  allai\^i.•-.  Tuc  average  >!' 
these  analyses  fur  each  series  of  tests  is  given  in  the 
table  of  results. 

The  boiler  used  in  the  tests  was  one  of  three  sirriilar 
boilers  in  the  plant  and  its  principal  dimensions  are 
given  in  Table  1.  It  was  set  by  itseK  and  provided  with 
its  own  steel  stack.  The  stack  was  placed  outside  of  the 
boiler  room  on  a  brick  foundation  and  connected  with 
the  boiler  by  a  horizontal  steel  breeching  4x4  ft.  in  cross- 
section.    The  furnace  was  equipped  with  a  rocking  grate. 

Summary  of  Test  Data  and  Results 

Table  2  gives  the  average  of  all  data  and  the  calculated 
results  of  the  19  tests.  The  calculations  were  made  ac- 
cording to  the  rules  given  in  the  Code  for  Testing  Steam 
Boilers  of  the  American  Societv  of  Mechanical  Engineers. 
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Method  of  Firing 

In  all  the  tests  a  modificatiou  of  the  spread- 
ing method  of  firing  was  used.  When  firing, 
the  coal  was  thrown  on  the  thin  spots  in  the 
fuel  bed,  omitting  the  high  places.  Coal  was 
fired  in  small  quantities  at  short  intervals.  By 
this  method  it  was  possible  to  keep  the  fuel 
bed  uniformly  thick  all  over  the  grate  without 
the  use  of  a  rake  or  other  fire  tool.  This 
method  of  firing  was  particularly  successful 
with  the  Clinchfield  coal.  Most  of  the  tests 
with  the  Clinchfield  coal  were  run  without 
using  the  rake  at  all  during  the  day. 

Behavior  of  the  Coals  ox  the  Grate 

The  Pocahontas  coal  caked  considerably. 
Perhaps  a  large  part  of  this  caking  property 
was  due  to  the  fact  that  the  coal  contained  a 
high  percentage  of  slack.  The  freshly  fired 
coal  fused  and  formed  a  crust  on  the  surface 
of  the  fuel  bed.  This  crust  cracked  in  some 
places,  and  through  the  cracks  air  passed  into 
the  furnace.  When  firing,  effort  was  made  to 
put  the  coal  into  the  cracks  of  the  fuel  bed. 
By  this  method  it  was  possible  to  keep  the  bed 
in  good  condition  from  one  to  three  hours 
without  using  the  rake.  When  the  fuel  bed  be- 
came too  uneven,  the  crust  was  broken  and  the 
fuel  was  leveled  with  a  rake.  When  the  coal 
contained  more  lumps,  there  was  less  trouble 
from  the  formation  of  crust. 

The  Pocahontas  coal  did  not  clinker.  At 
the  end  of  a  day's  run  the  refuse  pulled  out 
of  the  furnace  consisted  of  large  pieces  of  free 
ashes.  Smaller  pieces  of  ashes  were  removed 
from  the  fuel  bed  by  rocking  the  grate  two 
or  three  times  a  day. 

Part  of  the  Clinchfield  coal  was  lumpy  and 
burned  freely.  Usually  it  was  possible  to  run 
the  fire  through  tlie  day  without  using  the 
rake.  The  coal  caked  very  little  but  clinkered 
rather  badly.  The  clinkers  were,  no  doubt, 
partly  responsible  for  the  low  capacity  ob- 
tained in  the  first  series  of  tests.  When  the 
fire  was  cleaned  after  the  close  of  each  test,  the 
clinkers  were  pulled  out  of  the  furnace  with 
difficulty.  The  clinker  formed  in  one  large 
sheet  over  the  entire  grate  and  adhered  to  the 
side  walls  and  the  bridge-wall.  This  cliuker- 
ing  property  was  the  main  objection  the  men 
connected  with  the'  operation  of  the  plant  had 
to  this  grade  of  Clinchfield  coal.  The  rock- 
ing of  the  grate  gave  no  relief  from  clinker. 

The  balance  of  the  Clinchfield  coal  looked 
much  like  the  first-mentioned  lot  and  possessed 
all  of  its  properties  except  tliat  it  did  not 
clinker.  In  composition,  however,  it  was  not 
as  good.  There  was  a  considerable  quantity  of 
impurities  in  it  which  made  the  ash  content 
2  or  3  per  cent,  higher  than  that  of  the  other, 
reducing  the  heat  value  by  the  same  amount. 
However,  the  fact  that  the  coal  did  not  clinker 
made  it  much  the  better  of  the  two  grades  for 
this   particular  plant.     By   shaking   tlu!   grate 
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three  or  four  times  a  day  the  liii'l  bed  was  kepi  iii  good 
condition.  Tlie  rake  was  usually  not  used  at  all.  After 
the  close  of  the  test  when  the  fire  was  cleauetl.  practically 
no  clinker  was  fouiid  on  the  grate.  The  refuse  consisted 
of  large  pieces  of  loose  ash  which  could  he  removed  with 
ease. 

It  should  be  remembered  that  during  the  tests  the 
boiler  was  run  considerably  above  its  rated  capacity  all 
the  time.  During  the  regular  operation,  the  boilers 
would  not  be  run  above  their  rated  capacity  and,  perhaps, 
most  of  the  time  they  would  be  operated  below  it.     It  is 

TABLE  3.     SUMMARY  OF  TEST  RESULTS 


Standard 
OrifHnal 
Baffling 


tal  Passes  tal  Passes 

■  Poca-    Clinch  Poca-    Clinch 

hontas     field  hontas    field 

Coal       Coal  Coal       Coal 


<£ 


7.95 


Pounds     of     water     evaporated 

under  actual  conditions  per  lb. 

of  coal  as  fired 

Equivalent  evaporation  per  lb.  of 

coal  as  fired,  lb 

Average  hp.  developed 

Maximum  hp.  developed 

B.t.u.  per  lb.  of  dry  coal    

Ash,  per  cent 

Approximate  efficiency  of  boiler 

and  furnace,  per  cent 61.3       60.9 


8.54       8.18       8,83       8.52 


0  4';> 

8.90 

9.92 

9.61 

10  33 

9,97 

320 

285 

335 

357 

303* 

298* 

341 

297 

355 

365 

317 

311 

l,H2K 

14,122 

15,050 

13,801 

14,731 

13,750 

4.9 

7,9 

4.72 

10.26 

5.5 

9.85 

63.6       67.2       67.7 


*Note:  On  the  test  with  three  uorizontal  passes,  higher  capacity  could 
have  been  developed  but  the  feed  wat«r  was  too  hot  and  the  injector  would  not 
feed  it  fast  enough  into  the  boiler. 


high  etiicieucy.  In  the  horizontal  three-pass  boiler  i 
draft  over  the  fire  is  considerably  reduced;  hence,  the 
is  less  chance  of  drawing  too  much  air  into  the  furnai 
Therefore,  with  careless  firing,  the  ditference  in  efficieu 
in  favor  of  the  three-pass  horizontal  baffle  is  much  greal 
than  with  careful  firing.  In  other  words,  the  horizonta 
baffled  three-pass  boiler  is  more  nearly  proof  against  ea: 
less  firing  and  manipulation. 

CONCLUSIOXS 

In  Table  '■'>  is  given  a  summary  of  the  results  of  t 
tests.  The  preceding  summary  of  results  shows  cc 
clusively  that  much  better  results  can  be  obtained  wi 
Clinchfield  coal  when  the  boiler  is  baffled  horizontal 
There  is  also  a  marked  improvement  in  the  results 
favor  of  the  horizontal  baffling  when  Pocahontas  coal 
used  as  fuel.  The  horizontal  tliree-pass  baffling  gives  t 
highest  evaporation;  the  horizontal  two-pass  baffling  gi' 
the  highest  horsepower  developed  during  tests. 

With  the  two-pass  horizontal  baffling  better  evaporati 
and  higher  horsepower  can  be  obtained  with  Clinchfii 
than  with  Pocahontas  coal  and  the  standard  vertii 
baffling. 

Discussion 

£".  A.  f\'ssciulcii :  The  percentages  of  loss  to  the  sta 
shown  in  Table  4,  whicli  I  have  compiled  to  bring  ( 
more  clearly  some  points  of  comparison  between  the  d 


Boile 

Efficiency  Efficiet 
rOver  (1— Stj 
AU)  I.osse 


TABLE 

4.     SHOWING 

POINTS 

OF   COMPARISON    BETWEEN 

DIFFERENT 

BAFFLE     A 

Baffling 

Test 
No. 

Draft  Pressures 
Inches  of  Water 

In           In         Loss 

Breech-    Fur-    through 

ing         nace      Boiler 

Teraperatu 
Deg.  F 

Fire 
Chimney    Room 

Difference 

Per 
Cent. 
CO, 

Per 
Cent. 
Excess 

Air 

Lb.  AiT  per  Lb. 

Combustible 

(Assuming 

Chemical 

Requirement 

Equals  11  Lb.) 

Loss  to  Stack 

B.t.u. 

per  Lb. 

Combustible 

Original 
Verticil 

1 

C, 

7 

1.00 
1.00 
0,88 
0,88 

0.38 
0.44 
0.38 
0.38 

0,62 
0,56 
0.50 
0,50 

584 
610 
618 
606 

54 
52 
85 
71 

530 
558 
533 
.535 

7.3 
8.8 
8.89 
7.3 

151 
109 
106 
151 

27.6 
23.0 
22.7 
27.6 

3640 
3220 
3030 
3670 

Two-Pass 
Horizontal 

S 
9 
10 
14 

0.69 
0,69 
0,69 
0  81 

0  31 
0.31 
0  31 
0  31 

0,38 
0.38 
0.38 
0  50 

485 
522 
.541 
550 

85 
92 
92 
76 

400 
4,30 
449 

474 

7.2 
7.5 

8.2 
10,8 

155 
146 
125 
69 

28.1 
27.1 
24.7 

IS  6 

2790 
2890 
2770 
2230 

Three-Pas- 
Horizontal 

IS 
19 

0,75 
0  SI 

0.19 
0,19 

0 ,  56 
0  62 

490 
486 

104 
98 

386 
388 

Original 
Vertical 

3 

4 

1,00 
0.8S 
OSS 

0,44 
0,44 
0 ,  38 

0 ,  56 
0  44 
0.50 

519 
547 
615 

SO 
75 

88 

439 
472 

6,54 

1.55 
178 
140 

28.1 
.30.6 
26,4 

3060 
3580 
3470 

Two-Pass 
Horizontal 

11 
12 
13 

0  75 
0,81 
O.Sl 

0  31 
0,31 
0  31 

0   44 
0  50 
0  .W 

588 
543 
533 

S5 
75 
82 

503 
468 
451 

7   76 
9,5 
9  3 

137 
93 
97 

26 ,  1 
21.2 
21   7 

3270 
2490 
2460 

Three-Pass 
Horizontal 

15 
16 
17 

0^75 
0.81 

0'25 
0,19 

0 ,  ,50 
0  62 

.507 
.501 
503 

94 
88 
105 

413 
403 
.398 

9.0 
9,2 

104 

22.5 
22.0 

2330 
2220 

64.0 
58.5 


O.S 
0,7 


17.8 

65.9 

0.8 

18.4 

65.6 

0.8 

17.7 

63.3 

0.7 

14.2 

63  3 

0.7 

Av 

=  0.7 

69.1 

67.0 

19.8 

64.0 

0.7 

23.1 

59.8 

0.7 

22.4 

59.5 

0.7 

Av. 

=  0.7 

21.1 

66.3 

0.8 

16.1 

69.1 

O.S 

15.9 

67.3 

0.8 

.\v. 

=  0.8 

15.1 

69.2 

0.8 

14.4 

71.6 

0.8 

reasonable  to  expect  that  under  these  conditions,  the  effi- 
ciency will  be  even  higher  than  is  shown  by  the  tests. 

With  the  present  standard  baffling  of  the  boilers,  the 
heat  lost  with  the  chimney  ga.^es  is  excessive.  During  the 
last  series  of  tests,  the  writers  measured  with  an  anemom- 
eter the  velocity  of  air  entering  the  ashpits  of  the  test 
boiler  and  also  of  another  boiler,  the  latter  equipped  with 
the  standard  vertical  baffles.  It  was  found  that  with  the 
test  boiler  the  velocity  was  about  450  ft.  per  min. ;  with 
the  other  boiler  it  was  about  800  ft.  per  min.,  or  nearly 
twice  as  much,  although  only  about  two-thirds  as  much 
coal  was  being  burned  under  the  latter.  This  velocity 
measurement  .showed  conclusively  that  entirely  too  much 
air  was  used  in  the  vertically  baffled  boiler.  The  area  of 
the  ashpit  doors  of  both  boilers  is  the  same. 

The  aim  in  the  preceding  paragraph  is  to  show  that 
high  draft  over  the  fire  is  often  misused  to  draw  too  much 
air  into  the  furnace  and  is  in  such  cases  detrimental  to 


fereiit  baffling  arraiigenu  iits.  were  estimated  liy  the  f 
lowing  approximate  method  : 

From  the  ultimate  analysis  of  many  different  kinds 
bituminous  coal  the  per  cent,  of  t'O.^  by  volume  was  c 
culated,  assuming  complete  combustion  with  difl:er( 
amounts  of  excess  air,  and  the  results  plotted  a.s  per  ce: 
('0_,  vs.  per  cent,  excess  air.  The  curves  for  all  the  coi 
investigated  were  practically  coincident.  The  column 
Table  4,  showing  percentage  of  excess  air,  is  made  up 
means  of  these  curves.  From  this  the  amounts  of  i 
per  pound  of  combustible  are  computed  as  well  as  i 
chimney  loss  in  B.t.u. 

It  will  be  noticed  that,  while  the  value 

Boiler  efflciency 
1  —  xfarl'  Jnxxefi 

varies  somewhat  in  the  individual  tests,  the  averages 
the  different  .series  are  nearly  constant,  indicating  tl 
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the  chinmey  losses  exercise  tiie  most  iin])ortimt  iaflaeiu-e 
in  improviug  the  effieieney. 

The  draft  loss  through  the  lioiler  passages  is  less  for 
the  horizontal  two-pass  liaffiing  than  tor  the  original 
baffling.  The  number  of  complete  reversals  of  the  gas 
stream  is  the  same  for  the  two  eases,  but  the  two-pass 
horizontal  baffling  offers  less  resistance  at  the  points  of 
reversal.  The  resistance  of  the  horizontal  three-pass 
baffling  is  slightly  greater  than  tlie  original  baffling.  The 
iiKist  striking  features  of  the  tests  are  the  low  draft  losses 
and  the  low  chimney  losses  with  the  two-  and  three-pass 
hatHiug.  The  lower  chimney  losses  obtained  in  the  tests 
with  the  three-pass  baffling  tends  to  confirm  the  opinion 
expressed  by  the  authors  in  other  published  i^apers  that 
■the  rate  of  heat  transmission  increases  with  an  increase 
'of  gas  velocity. 

I  R.  H.  Danfortli  :  The  conclusions  dra\Mi  h\  the  authors 
I'agree  in  a  very  interesting  manner  with  tliose  I  had 
drawn  from  data  obtained  in  quite  a  different  line,  i.e., 
the  testing  of  boilers  with  oil  fuel.  The  authors  refer 
to  the  action  of  high-volatile  fuels  to  the  effect  that  in  a 
given  boiler  with  a  li.xed  grate  surface  the  increase  in  out- 
put, other  conditions  lieing  similar,  is  approximately  pro- 
portional to  the  volatile  matter  burned. 

With  oil  fuel  we  have  in  effect  a  condition  ■where  all 
the  fuel  is  burned  in  the  combustion  space.  This  should 
mean  that  within  reasonable  limits  a  gi^•en  boiler  should 
be  able  to  produce  almost  any  horsepower  desired,  with 
approximately  uniform  efficiency.  I  have  recently  received 


data  of  two  tests  cm  a  small-tube,  express-type,  marine 
boiler,  burning  oil  of  about  19,300  B.t.u.  per  lb.  This 
boiler  was  run  first  at  Iom-  rating  and  then  at  a  rating 
as  high  as  could  be  obtained,  with  the  following  results, 
which  practically  prove  the  above  thesis : 

.  Low  Rating  High  Rating 

Lb.  water  evaporated  per  lb.  oil 13 ,  Sb  12  47 

Equiv.  evap.  f.  anda.,212deg.  F 14.69  13  10 

Boiler  horsepower  developed 382  1727 

B.t.u.  per  lb.  of  oil '.[  19,300  19,300 

Approximate  efficiency  of  boiler  and  furnace 73 .  s  66 .  00 

0.  Monnett:  Speaking  from  my  professional  view- 
point, the  baffling  illustrated  in  Fig.  1  would  prove  veiv 
smoky  indeed.  In  trying  to  solve  the  smoke  problem  in 
Chicago,  we  ha\e  often  been  forced  to  employ  the  hori- 
zontal system  of  baffling.  This  often  meets  with  opposi- 
tion on  the  grounds  of  loss  of  efficiency  and  capacity.  Xot 
only  do  the  present  tests  show  that  this  objection  i.s  base- 
less, but  I  have  knowledge  of  hundreds  of  other  tests 
which  prove  the  same  thing;  in  fact,  in  many  cases,  the 
conditions  were  markedly  improved  by  the 'change.  Of 
course,  the  horizontal  arrangement  of  the  baffles  usually 
causes  a  greater  draft  lass  through  the  boiler  and,  hence, 
the  factor  of  available  draft  must  be  considered. 

I  question  whether  the  drafts  reported  in  Table  3 
were  actually  obtained.  In  my  opinion  a  15()-ft.  or  higher 
stack  would  be  required  to  give  an  availabk>  draft  of  1 
in.  in  the  breeching  under  the  conditions  mentioned.  II 
seems  probable  that  some  error  has  develoiied,  due  to  in- 
accurate draft  gage  or  mistakes  in  reading. 


Purchasers'  Tests  of  Crude  Fuel  Oil 


By  W.  B.  Pekkixs 


[SYNOPSIS — .1  descriplion  of  the  test  methods  em- 
'jiloijed  hy  many  cetitral  stations  lislng  crude  fuel  oil  in 
Ihe  hoUer  furnaces.  Tlie  purchase  is  based  on  the  calorific 
'iirrfjij,  amount  of  sulpliiir.  moisfure,  specific  graritij  and 
-iiliiiieut  in  the  oil. 

'  The  method  of  imrchasing  crude  oil  for  fuel  at  a 
'  I'litral  station  where  a  large  quantity  is  burned  each  day 
!~  lia-^ed  on  the  calorific  energ\',  sulphur,  moisture,  bot- 
iiiiii  sediment  in  the  oil  and  its  specific  .sravity. 

Oil  is  delivered  in  cars,  pumped  from  the  oil  producers, 
large  storage  tanks  or  directly  from  Ijarges  in  the  har- 
|lior.  That  received  in  cars  is  emptied  into  a  long  flume 
.leading  into  a  heating  and  settling  tank  where  practically 
lall  the  entrained  moisture  is  removed.  Just  before  the 
i|work  of  emptying  the  cars  is  started,  quart  samples  are 
itaken  from  each  car  at  different  depths,  using  a  receptacle 
jwhich  nmj  be  opened  from  above  the  surface  of  the  oil. 
jThe  )  ercentage  of  moisture  in  these  samples  is  inimedi- 
iately  obtained  with  the  aid  of  a  centrifuge,  a  small  ma- 
yiiiiie  ha\iug  a  high-speed  rotating  shaft  carrying  test- 
tube  holders,  a  view  of  which  is  shown  in  the  illustration. 
I  Fifty  cubic  centimeters  of  the  sam]3les  are  thoroughly 
jniixed  in  a  graduated  test  tube  with  a  like  amount  of 
gasoline  to  neutralize  the  viscosity  of  the  crude  oil.  The 
tube  is  then  placed  in  the  motor-operated  centrifuge  and 
the  machine  is  run  at  high  speed  for  approximately  20 
iiiiiu.  The  centrifugal  force  exerted  upon  the  mixture 
ithrows  the  heavier  ])arts  to  the  bottom  of  the  test  tube. 
iThe  saiul.  mud  and  extremely  heavy  asphnltic  ])nidu(ts 


appear  in  the  point  of  the  tube  with  the  watei-  just  abuM'. 
With  the  aid  of  the  graduated  scale  the  |)er  cent,  oi  eai  li 
sample  of  oil  tested  is  readily  oliserved. 


L'EXTKiiTcii':  Oil  Testkk 
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gravity,  by  Baunie  scale,  and  the  temperature  of  the  oil 
when  received  are  also  taken,  settlement  being  required 
if  the  le.^ts  sliow  heavier  than  12  Be.  at  60  deg.  F.  A 
deduction  or  addition  of  1  deg.  Be.  is  made  for  each  20 
deg.  F.  of  higher  or  lower  temperature  than  60  deg.  F. 
A  deduction  from  the  gross  quantity  of  fuel  delivered  is 
also  made  for  a  higher  temperature  than  60  deg.  F. 
Samples  arc  also  set  aside  for  more  complete  analysis 
later. 

If  the  oil  is  being  pumped  to  the  power  company's 
property  from  barge  or  storage  tank,  samples  are  taken 
from  the  pipe  line  every  hour.  Each  sample  is  subjected 
to  the  centrifuge  test,  also  for  temperature  and  specific 
gravity.  A  part  of  eacli  sample  is  poureil  into  a  small 
can  for  future  analysis. 

Table  1  gives  the  results  ol)taiiie(l  from  hourly  tests. 

TABLE  I 

Moisture 

Specific  Bottom  of  and 

Terap.         gravity  Moisture  sediment  sediment 

Time  of  day                    F.                 P6.  per  cent,  per  cent,  per  cent. 

7  a.m 78               18.00  1.0  1.2  2.2 

[8.l.m 79                17.75  1.5  1.3  2.8 

9  a.m 77               18.00  0.5  1.0  1.5 

10  a.m so                IS  25  0.7  1.4  2.1 

11a.m.                                       79               17  50  1.0  1.1  2.1 

12  m...                                       77               18.00  1.2  1.0  2.2 

1  p.m.                                       so              IS. 30  0.8  0.9  1.7 

2  p.m.                                       78               17.80  0.9  0.8  1.7 

3  p.m 79               IS. 00  1.0  1.2  2.2 

Average 78.5  17.95  0.95  1.1  2.05 

From  the  foregoing  the  specific  gravity  at  60  deg.  F. 
equals  17.03  deg.  Be.  scale,  and  the  temperature  deduc- 
tion e.xpressed  in  per  cent,  is  0.9. 

The  quantities  determined  in  the  laboratory  analysis 
are :  Flash  point,  deg.  F. ;  specific  gravity.  Be.  and  in- 
ternational degrees,  at  60  deg.  F. ;  moisture,  per  cent.; 
sulphur,  per  cent.;  B.t.u.  per  pound  as  received,  and 
B.t.u.  per  pound  dry. 

The  methods  used  in  determining  the  above  are  out- 
lined herewith.  For  moisture  test  approximately  50  grams 
of  oil  is  placed  in  a  100-c.c.  flask  communicating  with  a 
condenser  and  finally  a  carefully  graduated  test  tube. 
Heat  is  applied  to  the  flask  until  all  of  the  moisture  has 
been  distilled  and  a  small  amount  of  the  lighter  oils  begins 
to  collect  on  top  of  the  water  in  the  test  tube.  The 
moisture  is  then  read  directly. 

Generally,  the  centrifuge  test  shows  a  larger  percentage 
of  moisture  than  the  distillation  method,  because  the 
laboratory  samples  are  usually  allowed  to  stand  for  sev- 
eral days  before  being  analyzed,  thereby  giving  the  par- 
ticles of  moisture  opportunity  to  separate  themselves  from 
the  oil  and  collect  on  the  bottom  of  the  containing  ves- 
sel. Repeated  shaking  apparently  does  not  remedy  this 
fault.  For  this  reason,  the  results  of  the  centrifuge  tests 
are  accepted  as  being  correct  in  settling  claims  for  deduc- 
tion for  moisture  over  214  per  cent. 

For  the  calorific  determination,  appro.ximately  I/2  gram 
of  oil  is  placed  in  an  Emerson  bomb  calorimeter,  and  oxy- 
gen applied  until  a  pressure  of  about  300  lb.  is  reached 
in  the  bomb.  The  charge  is  then  exploded  with  a  jump 
spark  and  the  heat  units  per  pound  calculated  from  the 
rise  in  temperature  of  the  water  bath  surrounding  the 
bomb.  Knowing  the  percentage  of  moisture,  the  B.t.u. 
per  pound  of  dry  oil  may  be  readily  calculated. 

For  the  sulphur  determination,  the  bomb  of  the 
calorimeter  is  opened  after  the  test  for  heat  units  has 
been  made  and  the  residue  washed  out  with  distilled 
water.  The  washings  are  titrated  and  barium  sulphate  is 
precipitated  by  adding  barium  chloride.     The  per  cent. 


of  sulphur  is  readily  calculated  when  once  the  barium 
sulphate  is  weighed. 

A  Westphal  balance  is  employed  in  the  laboratory  in 
determining  the  specific  gravity  of  the  fuel  oil.  The  flash 
point  is  reached  by  heating  approximately  20  grams  of 
oil  in  a  crucible,  surrounded  by  a  sand  bath,  beneath 
which  is  placed  a  bunsen  burner.  A  jump  spark  is  ]iassed 
over  the  surface  of  the  oil  every  few  seconds,  after  the 
100  deg.  F.  point  is  passed. 

Table  2  contains  the  results  found  in  making  a  labora- 
tory analysis  of  crude  fuel  oil. 

TABLE  II 
Flash  =  158  deg.  F. 

Sp.  gravity   =16.8  deg.  Bi.;   0.905  Intern.-ifinnal  Svslem. 
Moisture       =0.8  per  cent. 
Sulphur         =1.3  per  cent. 
B.t.u.  per  lb.  as  received  =  18,205 
B.t.u.  per  lb.  dry  =  18.364 

The  foregoing  method  of  purchasing  crude  oil  for  fuel 
is  used  by  many  gas  and  power  companies  where  liquid 
fuel  is  the  only  heating  agency  employed.  It  has  given 
satisfaction  in  nearly  every  instance  and  may  be  relied 
upon. 

The  Polar  Planimeter  on   Circular 
Charts 

By  .luLiAN  C.  Sjiallwood 

SYNOPSIS — Hoiv  to  obtain  the  average  pressure  of  cir- 
cular charts  tvith  a  polar  planimeter. 

The  ordinary  polar  planimeter  may  be  used  to  obtain 
approximately  the  average  value  of  the  quantity  shown  by 
a  circular  chart  from  a  recording  instrument.  If  the  dia- 
gram is  for  an  entire  revolution  of  the  chart,  the  area  in 
square  inches  included  by  the  diagram  should  be  found 
with  the  planimeter,  the  gap  at  the  ends  of  the  curve 


How    TO    FsE    THE    PlAXIMETEH    OK    CIRCULAR    CHARTS 

being  closed  with  radial  lines.  This  area  should  be  divided 
by  3.1-116  and  the  square  root  of  the  quotient  obtained. 
The  result  is  the  average  height  in  inches  of  the  curve 
from  the  center  of  the  chart.     To  put  this  as  a  formula, 

3fean  lieight  (in.)  =  -kI  ^ty:. 
The  quantity  wished  is  now  found  by  noting  the  value 
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of  a  division  at  a  distance  from  tlie  center  of  the  cliart 
squal  to  this  mean  height. 

If  tlis  diagram  is  for  a  period  of  time  less  than  tliat 
corresponding;  to  a  full  revolution,  the  formula  becomes 


Mean  heigh  I  {in.)  = 


3.11  X  F 

F  being  the  fraction  of  a  complete  turn  made  in  the  time 
considered. 

Referring  to  the  accompanying  chart,  suppose  it  is 
wished  to  find  the  average  pressure  as  shown  by  the  chart 
between  eleven  and  five  o'clock.  A  line  from  the  points  A 
and  B  is  drawn  to  the  center  0.  The  area  included  be- 
tween this  line  and  the  recording  line  is  found  by  the 
planimeter  to  be  6.65  sq.in.  In  describing  the  recording 
line  between  .1  and  B,  the  chart  has  made  one-half  a  turn. 
Therefore,  by  the  second  formula. 


Mean  height 


I      6.65 
~   \3.14X  * 


•2.06  in. 


rhe  pressLire  corresponding  to  2.00  in.  is  found  by  meas- 
iriiig  that  distance  on  any  radial  as  OX,  and  is  97  lb. 


103  =  Mean  of  the  squares; 

V  103  =  10.09,  the  square  root  of  the  mean  square ; 
10  is  the  arithmetical  mean. 

In  this  case,  the  arithmetical  mean  is  about  1  per  cent, 
less  than  the  square  root  of  the  mean  squares. 

Using  a  theoretically  correct  averaging  instrument  on 
the  chart  shown,  gives  a  value  for  the  correct  average 
pressure  a  little  less  than  97  lb.  In  general,  it  may  be 
said  that  the  result  with  a  polar  planimeter  on  such  a 
chart  is  more  accurate,  the  less  is  the  variation  of  the 
quantity  averaged ;  and,  except  in  extreme  cases,  the  er- 
mr  is  not  greater  than  2  per  cent. 

Saving  with  Low-Pressure  Turbine 

An  interesting  example  of  the  savings  which  paper 
mills  may  effect  by  using  low-f)ressure  turbines,  is  af- 
forded by  the  experience  of  the  Smith  Paper  Co.,  at  Lee, 
Mass.  The  primary  source  of  power  for  the  five  mills 
of  this  company,  is  the  water  of  tlie  Ilousatonic  River. 


Low-Prkssuee  Turbine  at  Smith   Paper  Mills 


The  result  is  only  approximate  because  it  is  the  square 
root  of  the  mean  of  the  squares  of  the  radii  instead  of 
their  arithmetical  mean.  The  distinction  between  these 
means  may  be  shown  more  clearly  Ijy  the  following  ex- 
amples : 


8 

82  =  64 

9 

92  =  81 

10 

102  =  100 

11 

112  =  121 

12 

122  =  144 

50 

5  )  510 

10 

102 

During  about  one-half  of  the  year  the  available  water  is 
insufficient  to  develop  the  required  power,  and  noncon- 
densing  steam  engines  were  used  to  make  up  the  deficit. 
The  exhaust  steam  from  the  small  engines  was  used  to 
dry  the  paper  in  the  various  mills,  but  the  exhaust  from 
the  seven  or  eight  large  engines  was  entirely  wasted.  To 
eliminate  this,  the  company  decided  to  make  use  of  a 
low-pressure  turbine.  By  replacing  five  of  the  recii:)rocat- 
ing  engines  in  separate  mills  by  five  200-hp.  motors, 
power  is  obtained  from  the  exhaust  steam  at  the  central 
mill  and  is  transmitted  several  miles  in  each  direction 
at  a  very  small  cost.  The  balance  between  steam  and 
electrical  power  in  each  mill  was  so  fixed  that  there  was 
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uough  exhaust  steam  available  for  the  heating  work 
,'itliout  auy  being  l)lowu  away  to  the  atmosphere. 

The  necessary  equipment,  beside  the  motors  and  a 
ransmission  line,  consisted  of  a  low-pressure  Westing- 
ouse  turbine,  exciter,  switchboard  and  condenser. 

The  results  obtained  by  the  8mitli  Paper  Co.  indicate 
Uat  if  operated  continuously,  the  installation  would  save 
n  amount  of  coal  equivalent  in  value  to  its  own  total 
ost  in  a  pei-iod  of  about  two  years.  In  other  words,  the 
a  vestment  in  the  low-pressure  turbines  and  condenser  is 
ringing  a  return  at  the  rate  of  50  per  cent,  per  annum, 
nd  allowing  for  the  use  of  the  equipment  six  months  in 
lie  year,  the  return  is  25  per  cent.  If  used  for  a  shorter 
eriod  the  return  would  be  proportional.  Durmg  a  re- 
eut  typical  period  of  three  months,  for  instance,  the  tur- 
iue  was  operated  63  days,  due  to  shortage  of  water,  and 
eveloped  302,000  kw.-hr.  in  that  time.  Charged  against 
le  other  mills  to  which  it  is  distributed  at  11/2^-  per 
w.-hr.,  this  represents  a  gross  earning  for  the  turbine  of 
4530.  The  net  charge  against  the  nuichine  for  that  pe- 
iod  was  $1400.  showing  a  net  saving  of  $3100  for  the 
iree  mouths. 


Automatic  Air  Pump 

An  interesting  design  of  air  pump  has  beeu  ojieratiug 
jr  some  time  in  the  mine  of  the  Pittsburgh  &  Southwest- 
m  Coal  Co.,  Avella,  Peun.,  for  removing  mine  water. 
t  is  the  invention  of  Edwin  Chamberlin  and  A.  M.  Gard- 
er,  Avella,  Penn.,  who  have  applied  for  a  patent  on  the 
eviee,  which  provides  a  simple,  efficient  and  automatical- 
•  operated  liquid-elevating  apparatus.  A  vertical  Sec- 
onal view  of  the  apparatus  is  shown  herewith.  It  con- 
sts  of  a  tank  adapted  to  be  submerged  or  partly  sub- 
lergecl  in  the  water  to  be  elevated.  It  is  provided  with 
ater-inlet  valves  A  and  B.     A  water-discharge  pipe  C 

piped  to  the  bottom  of  the  tank,  and  a  spring-controlled 
ihe  D  regulates  the  flow  of  water  through  the  pipe. 

The  apparatus  is  designed  for  use  in  connection  with 
impressed  air,  which  enters  through  the  pipe  E,  leading 
■om  an  air  compressor,  located  at  any  suitable  point, 
1  an  air-inlet  valve.  This  mechanism  comprises  a  cas- 
ig  which  is  fitted  with  an  interior  seat  F,  upon  which  a 
ill  valve  seats.  The  casing  is  formed  with  a  central  bore 
lid  is  fitted  with  a  valve  G,  the  stem  of  which  passes 
irough  a  plug  cap,  the  latter  closing  the  lower  end  of 
le  casing  and  forms  a  seat  for  the  compression  spring  H. 
hieh  keeps  the  valve  stem  engaged  with  the  ball  vahe  0 
f'ter  it  has  been  moved  upward  by  the  air-inlet,  \al\e- 
■tuating  mechanism. 

Located  on  the  opposite  side  of  the  tank  from  the  inlet 
live  is  an  air-exhaust  mechanism  connected  by  a  pipe  J. 
he  exhaust-valve  mechanism  comprises  a  casing  having 
horizontal  outlet  chamber  and  a  nozzle,  the  latter  being 
mnected  with  an  exhaust-air  outlet  pipe.  The  lower 
id  of  the  casing  is  capped  and  connected  to  the  pipe  -/, 
-  shown.  The  elbow  is  provided  with  an  opening  A', 
imugh  which  the  compressed  air  is  discharged  into  the 
iterior  of  the  tank. 

The  cylinder  is  provided  with  a  spring-controlled 
lunger  which  is  made  with  a  stem.     As  the  plunger 

raised  the  stem  passes  through  a  guide.  Interposed 
'tween  the  guide  and  the  plunger  is  a  spring.  The  cas- 
ig  is  provided  with  a  series  of  ports  so  designed  that 


when  the  piston  is  in  its  lowest  position  the  passage  of 
air  from  the  interior  of  the  tank  to  the  air-outlet  nozzle 
is  permitted.  When  the  plunger  is  raised  by  the  com- 
pressed air,  the  air  ports  are  closed,  thereby  cutting  off 
the  escape  of  air  from  the  interior  of  the  tank. 

The  air-inlet  valve  mechanism  is  actuated  by  means  of 
a  float-controlled  mechanism,  a.s  shown.  By  means  of  the 
adjusting  mechanism  connecting  the  valve  stem  H  and  the 
rod  X,  the  supply  of  air  may  be  cut  off  at  any  desired 
position  of  the  float,  and  thus  regulate  the  quantity  of 
compressed  air  necessary  to  eft'ectively  operate  the  ap- 
paratus. 

Assuming  that  the  water  or  other  liquid  has  entered 
the  tank  to  a  predetermined  level,  the  air-inlet  valve  0 
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if  raised  from  its  seat  by  the  valve-actuating  mechanism, 
and  coirqn'essed  air  passes  from  the  air-inlet  valve  casing 
through  the  ])ipe  /  to  the  exhaust  valve.  The  compressed 
air  raises  the  plunger  L,  thereby  closing  the  ports  J/  and 
jireventing  the  escape  of  air  from  the  interior  of  the  tank. 
Simultaneously  with  the  moving  of  ])lunger  L,  the  com- 
pressed air  discharges  through  the  contracted  nozzle  A" 
and,  expanding,  forces  the  liquid  contents  of  the  tank 
out  through  the  discharge  pijie  C.  The  descent  of  the 
float  draws  the  valve-operating  stem  //  down  out  of  con- 
tact with  the  ball  valve  0,  when  it  drops  to  its  seat  and 
cuts  off  the  supply  of  air  to  the  tank. 

After  the  air  has  been  cut  oft",  the  expansion  of  the  air 
within  the  tank  will  force  all  the  liquid  in  the  tank  out 
through  the  discharge  pipe.  After  the  liquid  has  been 
discharged,  the  pressure  witliiu  the  tank  is  reduced  suffi- 
ciently to  enable  the  spring  P  to  move  the  plunger  L  down 
past  the  ports  M,  which  permits  the  contained  air  to  es- 
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■ajio  ironi  the  interior  of  the  tank,  which  tlieii  lills  with 
yater. 

By  this  arrangement  a  saving  in  the  quantity  of  air 
ised  is  made,  because  the  air  introduced  prior  to  cutting 
Dff  the  supply  will  expand  and  force  the  water  from  the 
I'essel. 

This  ]iunip  when  properly  installed  and  adjusted  to 
neet  the  requirements  or  work  assigned,  will  begin  opera- 
:ion  just  as  soon  as  air  is  turned  on  at  the  compressor, 
ind  will  continue  to  operate  until  the  air  is  shut  off  or 
antil  the  water  reaches  the  desired  level  of  drainage,  after 
ivhich  the  pump  will  automatically  retain  that  level,  using 
:he  air  only  wlien  there  is  liquid  to  be  raised. 

The  adaptability  of  this  pump  for  raising  acids,  sul- 
phuric mine  water,  etc.,  is  evident  as  the  intake  and  dis- 
charge valves  are  made  of  alloys  that  will  meet  with  the 
requirements  of  the  varying  conditions.  All  the  other 
U'orkiiiiT  parts  may  be  located  above  the  licpiid  to  he 
pumped. 

Economizer  Losses    Due  to  Scale 

Hv  E.  1{.  Peauck 

ST]\"OI'>^IS — The  author  .■<hows  that  llie  rriiioral  of  a 
Utile  scale  from  the  tubes  of  an  economizer  decreased  tlie 
coal  consiiiiiptioii,  hij  aliout  6  per  cent.  It  is  pointed  out 
that  a  handful  of  soda  ash  dropped  into  each  tube  and 
til  at  kerosene  poured  on  the  surface  of  the  water  pre- 
vious to  filling  the  economizer  preparatory  to  boiling  for 
cleaning,  ivill  enable  one  to  easily  remove  e.vceedingly 
hard  scale. 


Eecently,  on  looking  through  some  test  figures,  the 
writer  was  quite  surprised  at  the  low  temperature  of  the 
economizer-outlet  water  compared  with  the  sizes  of  econ- 
omizers and  flue-gas  temperatures,  especially  in  one  case 
where  the  feed  should  have  been  fully  one  hour  in  pass- 
ing through  the  tubes.  Readings  were  then  taken  on  one 
set  containing  193  tubes,  the  capacity  of  which  is  staled 
by  the  makers  to  be  13,000  lb.  per  hr.  The  heating  sur- 
face is  1920  sq.ft.  This  economizer  is  smaller  for  the 
plant  than  recommended,  but  extension  in  this  particular 
plant  is  out  of  the  question  at  present. 

The  a^erages  of  a  number  of  readings  are  as  follows: 

Flue  gases  entering  economizer  710  deg.  F.  1  j,        jg^  ^       p 
Flue  gases  leaving  economizer    o80  deg.  F.  '  *^  ^ 


Water  entering  economizer  156  deg.  F.  \  „■      -„    ,        r. 


Water  leaving  economizer  235  deg.  F. 

Approximate  weight  of  water  passing  per  hour,    lb.    24,000. 
Coal  burned  per  hour,  lb.   32S7. 

After  these  readings  the  caps  were  knocked  in  and  a 
fairly  hard  scale  exposed,  composed  of  clays,  vegetable 
matters  and  mill  refuses,  and  varying  in  thicknesses  of 
from  y\  to  "1%  in.  at  the  top  of  the  tubes  to  ^2.  ii^-  ^t  the 
bottom.  After  carefully  scraping  there  was  still  i/g 
in.  of  hard  scale  remaining  which  the  hand  scrapers 
would  not  take  off.  It  Avas  then  decided  to  soften  the 
scale  as  follows: 

The  blowdown  was  closed  and  about  2  in.  of  water  run 
into  the  bottom  headers,  two  handfuls  of  soda  ash  were 
next  dropped  down  each  tube,  followed  by  a  small  quan- 
tity of  coal  oil  which  was  allowed  to  run  down  the  sides 
of  each  tube  over  the  scale,  a  small  quantity  of  the  oil 
was  also  dropped  on  the  surface  of  the  water  in  the 
bottom,  the  water  was  now  allowed  to  flow  in  very  slowlv. 


which  in  rising  caused  the  oil  to  make  contact  with  all 
the  scale.  After  this  the  damper  was  cracked  to  allow 
a  little  of  the  gases  to  flow  through  and  gradually  bring 
the  water  to  a  boil  (all  windows  being  open  and  lights 
kept  away).  The  boiling  was  continued  from  Saturday 
until  Monday  morning,  water  being  added  from  time  to 
time.'  On  Monday  the  remaining  scale  was  scraped  oil' 
quite  easily,  a  fair  quantity  having  dropped  off  during 
the  boiling. 

There  is  one  point  upon  which  the  writer  would  ad- 
vise anyone  trying  the  above  to  be  very  careful  about, 
viz.,  while  the  economizer  is  boiling,  one  end,  that  is,  the 
end  nearest  the  inlet  damper,  will  be  considerably  hotter 
than  the  outlet,  owing  to  the  damper  being  open  but  very 
little,  and  as  the  water  will  not  have  a  good  chance  to  cir- 
culate, slugs  of  water  will  be  shot  out  of  the  open  tube 
ends  at  the  hottest  point  every  few  minutes,  rising  sev- 
eral feet,  and  the  reader  can  take  the  writer's  word  for 
it  that  this  water  is  highly  capable  of  scalding.  Aftci' 
cleaning  and  boiling,  another  set  of  readings  was  taken, 
the  averages  of  which  are : 

Flue  gases  entering  economizer  694  deg.  F.  1  t^  i  c  i  j  -v 
Flue  gases  leaving  economizer  540  deg.  F.  /  ^'■"P  ^°*  °''^-  '^^ 
Water  entering  economizer  1.56  deg.  F.  \  „.      ,.,„   ,        „ 

Water  leaving  economizer  292  deg.  F.  /  "'■■**-*  "''  ""S-  ^  ■ 

Approximate  weight  of  water   passing-  per  hour,   lb.    24.000. 
Coal    burned   per   hour.   lb.    SO.SS, 

From  these  figures  it  will  lie  seen  that  a  rise  of  136 
deg.  F,  was  obtained  which  is  an  improvement  of  5.5  per 
cent,  on  the  first  set  of  readings. 

During  both  sets  of  readings  which  were  taken  over  a 
period  of  ten  hours  the  load  was  practically  constant.  A 
gain  of  a  little  over  6  ]icr  cent,  is  shown  in  the  coal  con- 
sumption. 

Considering  the  aiuounl  of  water  jiassing  through  the 
economizer  per  hour  the  heat  transferred  per  square  foot 
of  surface  is  good,  amounting  to 

24,000  X  136       ,.,-,,, 

,^j^^ =  nou  /;././,.  per  ^q.Jt.  per  hr. 

In  the  other  set  containing  :i".'()  tubes  the  temperatures 
were  very  low,  only  a  little  better  than  is  possible  with  a 
good  open  heater.  On  o]ieiiing  up  the  economizer  the 
tubes  were  found  to  be  reduced  in  water  space  to  less  than 
one-half,  in  fact,  there  was  only  a  hole  of  about  li/t-  in- 
diameter  at  the  bottom  ends  of  many  tubes. 

The  Bridge  River  Co..  a  recentl.v  incorporated  Canadian 
concern,  has  applied  to  the  provincial  government  for  water 
rights  aggregating  100,000  ft. -acres  in  the  LiUooet  district 
on  Bridge  River  for  developing  at  least  200,000  hp.,  at  a  cost 
of  $8,000,000.  A  large  dam  is  to  be  built  and  the  water  car- 
i-ied  through  a  %-mile  tunnel  to  Seaton  Lake,  where  the 
power  plant  will  be  built.  The  company  has  taken  into  con- 
sideration the  future  requirements  of  Greater  Vancouver  and 
the  possibility  of  electrification  of  the  coast  section  of  the 
Pacific  &  Great  Eastern  Ry.,  which  is  to  run  north  from  the 
Pacific  coast  of  British  Columbia,  to  connect  with  the  Oranrl 
Trunk  Ry.  at  Fort  George.  The  proposed  power  line  will 
follow  the  route  of  the  Pacific  &  Great  Eastern  Ry.  for  about 
150  miles.  As  the  power  house  will  be  less  than  50  miles  from 
the  main  lines  of  the  Canadian  Pacific  and  the  Canadian 
Northern  at  Lytton,  the  projectors  hope  also  to  be  able  to  sell 
motive  power  to  these  two  roads.  Work  is  expected  to  begin 
on  this  project  before  the  end  of  this  year  and  will  take 
probably    three    years    to    complete. 

The  Manchuria  Ry.  Co.  operates  five  coal  mines,  which 
give  employment  to  7000  Chinese  laborers,  who  work  for  25c. 
per  day.  The  output  is  300  tons  for  each  mine  per  24  hours. 
Though  the  coal  is  bituminous,  anthracite  methods  of  mining 
.are  used,  as  the  seam  is  too  thick  (125  ft.)  to  make  bituminous 
methods    practical. — "Coal    Age." 
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The  "Paragon"  System  of  Electric 
Drive 

By  AiiTHru  II.  Allen 

W.  P.  Durtnall,  the  inventor  of  the  "Paragon"  engine, 
described  in  tlio  Feb.  18  issue,  and  of  the  "Paragon" 
system  of  propulsion  for  sliips,  locomotives,  etc.,  has  de- 
vised a  new  and  ingenious  method  of  propulsion  for 
motor  vehicles  in  which  are  embodied  the  advantages  of 
the  gasoline  engine  and  electrical  transmission  and  con- 
trol. An  essential  feature  of  the  system  is  the  fact  that 
the  engine  is  always  run  at  its  most  economical  speed; 
three  economical  running  speeds  are  provided,  and  re- 
verse, and  a  flywheel  is  dispensed  with,  its  function  being 
filled  iiy  the  revolving  parts  of  the  electrical  machines. 


Pl.\x   of   Paragon   Transmission 

The  accompanying  illustration  shows  the  arrangement 
of  the  mechanism,  which  consists  of  a  six-cylinder  hori- 
zontal "Paragon"  engine  A,  with  ball  bearings;  a  three- 
phase,  four-pole  alternator  B,  and  a  "clutch-motor"  D. 
The  engine  runs  at  800  r.p.m.  and  drives  the  rotor  of  the 
alternator  through  a  coupling  C,  as  well  as  the  outer  part 
of  the  clutch-motor;  the  inner  part  of  the  latter  E,  is  a 
squirrel-cage  rotor  of  the  ordinary  type,  fixed  to  the  shaft 
F,  which  is  carried  in  journal  ball  bearings  and  the  cen- 
tering ball  bearing  N.  This  shaft  is  coupled  in  the  usual 
way  to  the  driving  gear,  with  a  simple  reversing  gear  con- 
sisting of  two  bevel  wheels  always  in  mesh,  one  ^dth  each 
side  of  the  driving  pinion;  a  dog  clutch  mounted  on  a 
squared  part  of  the  main  axle,  and  operated  by  a  fork  and 
lever,  brings  either  pinion  into  action,  according  to  the 
direction  of  motion  required. 

Inside  the  clutch-motor  case  there  is  a  magnetic  clutch, 
of  which  half  is  shown  at  G;  this  is  energized  by  the  ex- 
citing coil  H.  When  the  magnetic  clutch  is  in  operation, 
the  engine  drives  directly  on  to  the  shaft  F.  Slip  rings 
are  shown  at  K,  by  means  of  which  the  exciting  current 
is  conveyed  to  the  revolving  field  of  the  alternator.  Other 
slip  rings  ./  arc  connected  through  the  hollow  shaft  with 
the  eight-pole,  three-phase  winding  of  the  clutch-motor 
case,  which  is  exactly  like  the  stator  of  an  induction 
motor,  but  in  this  instance  is  not  stationary.  The  mode 
of  operation  is  as  follows : 


The  engine  is  constantly  running  at,  say,  800  r.]i.nL, 
and  drives  the  revolving  field  of  the  alternator,  togetlici- 
with  the  two  sets  of  slip  rings  and  the  outer  case  of  tlic 
clutch-motor;  assume  that  the  rotation  is  counter-clock- 
wise. For  the  first  speed,  direct  current  is  supplied  to 
the  slip  rings  K  from  a  small  exciter,  not  shown.  Three- 
phase  current  at  25  cycles  is  taken  from  the  alternator 
armature  and  delivered  to  the  slip  rings  J,  which  are 
connected  to  the  eight-pole  winding  M.  The  three-phase 
counectious  are  such  that  the  magnetic  field  revolves  in 
a  clockwise  direction  at  400  r.jj.m.,  while  the  winding  re- 
volves at  800  r.p.m.  in  the  counter-clockwise  direction, 
so  that  the  resultant  rotation  of  the  magnetic  field  is 
counter-clockwise  at  -100  r.p.m.  The  squirrel-cage  rotor, 
therefore,  starts  and  rims  up  to  approximately  synchron- 
ous speed,  driving  the  vehicle  at,  say,  four  miles  an  hour. 

The  next  speed  is  obtained  by  switching  off  the  ex- 
(iting  current  from  the  field  magnet  of  the  alternator, 
and  putting  it  by  way  of  one  of  the  slip  rings  and  the 
frame  on  the  magnetic  clutch  coil  H,  which  connects  tlu' 
engine  shaft  mechanically  with  the  shaft  F,  so  that  the 
vehicle  is  accelerated  to  twice  the  former  speed,  and  runs 
at  eight  miles  an  hour,  with  the  maximum  economy — no 
electrical  machine  being  in  operation  except  the  small 
exciter. 

The  third  speed  is  given  by  reversing  the  three-phase 
connections,  releasing  the  magnetic  clutch  and  again  ex- 
citing the  alternator ;  the  magnetic  field  how  rotates  in  the 
same  direction  as  the  engine  shaft,  and  the  resultant 
angular  speed  of  the  field  is  800  plus  400  =  1200  r.p.m., 
so  that  the  motor  runs  up  to  a  speed  corresponding  to 
12  miles  an  hour. 

As  stated,  no  flywheel  is  required,  and,  owing  to  the 
high  speed  of  rotation  and  consequently  effective  cooling, 
the  electrical  machines  are  very  light  for  a  given  out- 
put and  heating  limit.  The  efficiency  of  the  transmis- 
sion is  very  high,  the  total  weight  per  horsepower  trans- 
mitted is  low,  and  the  mechanism  is  comparatively  cheap. 
The  speed  of  the  vehicle,  of  course,  depends  upon  the 
gearing,  the  example  given  being  merely  illustrative.  The 
engine  always  runs  under  economical  conditions,  and  the 
starting  torque  is  very  high. 

Welding  an  Armature  Shaft 

Some  months  ago  we  welded  an  armature  shaft  which 
seemed  at  first  somewhat  doubtful  of  success;  but  on 
account  of  the  inability  to  obtain  another  armature  we 
tried  the  experiment.  The  armature  was  for  a  oO-hp. 
motor  running  at  1000  r.p.m.  The  shaft  carried  a  12-in. 
pinion,  which  ran  at  the  high  speed  of  3150  ft.  per  min. 
on  the  pitch  line.  As  might  be  expected,  the  gears  are 
very  noisy  and  wear  out  frequently,  which  in  turn  was 
responsible  for  damage  to  the  motor  shaft,  so  that  it 
previously  had  to  be  turned  from  ^y^-  to  2%-in.  diame- 
ter. 

The  excessive  vibration,  due  to  the  high  gear  sjjced. 
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ultimately  caused  crystallization  of  the  shaft  and  the 
break  at  the  shoulder.  To  repair  the  shaft,  we  beveled 
the  end  of  the  armature  shaft  and  also  the  3%-in.  di- 
ameter block  shaft,  which  was  to  be  welded,  starting 
the  weld  from  the  center  and  being  careful  not  to  cause 
blisters.  After  allowing  it  to  cool,  the  shaft  was  turned 
down  to  3%  in.  and  keyseated  (the  gear  wheel  having 
been  bored  larger  meanwhile).  In  this  way  the  machine 
was  out  of  commission  slightly  over  24  hr.  So  far  the 
weld  has  not  given  any  indication  of  weakness,  although 
the  machine  has  been  doing  heavier  work  than  before  the 
time  of  the  accident.  Of  course,  the  weld  may  not  be 
quite  as  strong  as  the  hammered  portion  of  the  shaft  on 
account  of  the  coarser  grain,  but  a  3%-in.  diameter  shaft 
is  80  per  cent,  stronger  than  one  of  2%-in.  diameter, 
which   was   the   size    which   bi-oke. 

Where  breaks  of  large  cross-section  are  to  be  welded 
by  the  oxyacetylene  process  they  should  be  heated  by  a 
gas  or  oil  burner  before  starting  to  weld,  as  otherwise 
the  weld  will  crack  upon  cooling. 

Bellevue,  Penn.  J.  L.  Klixdwokth. 

New  Line  of  Westinghouse  Motors 

The  new  line  of  A\'estinghouse  type  CS  squirrel-cage 
induction  motors  possesses  several  noteworthy  features, 
among  which  are  the  extensive  use  of  pressed  steel  in  the 
construction  and  rotors  with  cast-on  short-circuiting 
rings.  Pressed  steel  imparts  great  mechanical  strength 
and  is  very  uniform  in  structure;  hence  a  motor  of  a 
given  weight  can  be  made  with  more  active  material  than 
motors  of  corresponding  capacity  in  cast-iron  frames. 

In  these  motors,  rolled  steel  forms  the  frames  of  the 
sizes  above  80  hp.,  the  end  plates  of  the  smaller  sizes 
f which  are  of  the  so  called  frameless  type)  and  the  feet 


cally  by  casting  the  short-circuiting  rings  around  their 
ends. 

The  bearings,  being  the  only  wearing  part,  have  been 
designed   very  liberally.     Tliey  are  in-otccted  from  dust 


.^^ 


Fig.  1.    A  10-11  r.  Moxuu 

[nd  the  slide  rails  of  all  sizes.     Above  5  iip.,  the  furm- 
vound  stator  coils  are  laid  in  open  slots. 

The  rotor  construction  is  especially  interesting.  In 
111  sizes,  the  rotor  bars  are  insulated  with  a  special  ee- 
jnent  which  is  moisture  proof  and  will  withstand  a  high 
j'egree  of  heat  and  mechanical  stress.  In  motors  above 
1 5  hp.,  the  bars  are  connected  electrically  and  mechani- 


1'  III.  '^.    Dirr.ML  OF  lioi'oi; 

by  a  cap  on  the  front  end  and  by   felt  washers  between 
metal  rings  on  the  pulley  end. 

The  efficiency  and  power  factor  are  claimed  to  be  high, 
not  only  at  full  loads,  but  also  at  fractional  loads.  This 
last  feature  is  of  special  importance  because  industrial 
motors  generally  run  at  less  than  full  load.  These  motors 
are  being  put  on  the  market  in  all  commercial  sizes  from 
1  to  200  hp. 

Care  of  Storage  Batteries 

In  the  article  on  the  "Installatit)n  and  Care  of  Storage 
Batteries"  in  the  July  22  issue,  the  instructions  about 
taking  the  battery  out  of  service  are  not,  in  the  writer's 
opinion,  in  accord  with  present-day  practice.  The  state- 
ment in  question  is  that  the  battery  must  first  he  dis- 
charged and  then  the  electrolyte  removed  from  the  jars 
and  water  put  into  them,  after  which  the  battery  must 
be  still  further  discharged  and  then  the  water  drawn  ofl'. 

It  was  formerly  the  custom  to  do  this,  on  account  ol' 
the  action  on  the  wood  separators,  but  experience  and 
improved  methods  of  treating  the  separators  have  shown 
that  the  following  method,  which  is  approved  by  one  of 
the  largest  battery  manufacturers,  is  better: 

When  about  to  lay  up  the  battery,  first  thoroughly 
charge  it  and  then  siphon  off  the  electrolyte  into  clean 
receptacles  of  glass  or  earthenware,  and  as  each  cell  be- 
comes empty,  immediately  fill  it  with  pure  water  and 
allow  all  of  the  cells  to  stand  for  about  fifteen  hours, 
after  which  the  water  may  be  drawn  off  and  the  battery 
may  stand  indefinitely. 

The  use  of  storage  batteries  has  become  so  conunon  of 
late  tliat  many  engineers" have  them  in  their  plants,  and 
CM  11  if  a  man  comes  into  a  plant  where  there  is  a  battery 
and  is  unfamiliar  with  the  operation  of  the  battery,  the 
manufacturer  is  usually  ready  to  help  him  with  advice 
and  personal  aid ;  and  if  he  makes  no  important  changes 
without  consulting  them  until  he  has  learned  all  about 
the  characteristics  of  the  battery  he  will  have  no  trouble. 

East  Dedham,  Mass.  G.   H.  Kimball. 

[The  discharge  method  is  still  advocated  by  many 
authorities. — Editok.] 


266 


POWER 


Vol.   38,    Xo. 


GAS     POWER     DEPARTMENT 


I iiiiiiiiniiiiiiiiiin iiiiii II iiiiiiiiiiiii iiiiiiuiiiHiiii II I iiiiiiiiiiiiiiiiiiiiiiiiiiiii I iinuiii i i uiiiiiiiiii iiiiiiiiiiiiiiiiii iiiiiniiii iiuiiiiiiiii ii iiiiiiiiii nun i iiiiiiiiiu iiiiiiiiiiiiiiiiiii iiiiiiiiiiini 

A  New  Byproduct  Recovery  Producer       '^^''^'  "^«'th°'i  "^"^^'y  *i'^°p^*''^i  *"  i^^^P  *'^^  temperature 

•^  ^  down  is  to  admit  to  the  producer  a  great  excess  of  steam, 

F.Y  Jamks  a.  Si:.\(;i;if  ^]ij^  being  a  wasteful  procedure  from  various  points  of 

Ouriui;-  luniliustidii  (if  inal  in  gas  producers  in  the  prcs-  view.     The  ammonia  has  to  be  recovered  by  an  acid  proc- 

cni-e  of  i'uisidcnililc  steam,  a  large  part  of  the  nitrogen  ess  as  any  .scrubbing  phuit  capal)k^  of  dealing   with   the 


Plan  axd  Elevatiox  of  Mooke  PnoDUCEu 


content   of   the    fuel    enters    into   combination    with   the  large    volume    of   gas    and    steam    leaving    the   producei 

hydrogen  of  the  steam,  forming  ammonia.     The  decom-  would   be  excessively   large   and   costly.      The   ammonia 

position  of  ammonia  by  heat  is,  however,  verv  easy,  and  salts  obtained  from  such  an  acid  process,  moreover,  often 

the  temperature  has  to  be  kept  down  to  prevent  it  from  have   a   bad    color   and   the   tar   obtained   is   not    of   the 

bcino-  wa-^ted  l^est  quality.     In  addition  to  all  this  the  development  oi 
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such  au  excess  of  steam  requires  a  larger  steam-generat- 
ing plant  than  would  otherwise  be  necessary. 

These  disadvantages,  therefore,  add  interest  to  a  new 
type  of  water-jacketed  producer  with  byproduct  recovery, 
designed  and  constructed  by  the  Dowson  &  Mason  Gas 
Plant  Co.,  Ltd.,  of  Manchester,  Eng.,  an  elevation  and 
plan  of  which  is  herewith  shown.  The  fundamental 
principle  underlying  this  new  development  is  the  sep- 
aration of  the  gas  production  into  three  stages  in  the 
producer  itself.  The  lowest  portion  of  the  producer  con- 
sists of  a  region  in  which  a  high  temperature  is  main- 
tained, the  fuel  being  treated  in  a  compartment  lined 
with  firebrick  and  here  the  greater  part  of  the  gas  and 
ammonia  are  generated ;  the  amount  of  steam  admitted 
is  strictly  that  excess  necessary  to  prevent  the  tempera- 
ture rising  beyond  the  proper  value. 

Above  this  high-temperature  region  is  a  second  or  in- 
termediate temperature  section  where  the  producer  is  not 
lined  with  firebrick  but  is  water-jacketed,  and  here  the  gas 
which  has  been  generated  in  the  lower  part  of  the  pro- 
ducer is  cooled  to  prevent  decomposition  of  the  ammonia. 
This  cooling  process  is  equivalent  to  the  introduction  of 
a  large  excess  of  steam  in  the  older  process.  It  will  be 
seen  that  in  order  to  insure  this  cooling  effect  the  in- 
ternal diameter  of  the  producer  which  is  slightly  conical 
is  rather  less  compared  with  its  height  than  is  usual  in 
ordinary  producer  practice. 

The  third  region,  in  which  the  process  is  carried  a 
stage  further,  allows  for  air  cooling;  but  there  is  no 
definite  line  of  demarkation  between  the  second  and  third 
regions.  The  feed  of  the  coal  is  not  intermittent,  as  in 
many  types  of  producers,  but  is  continuous  through  a 
special  gas-tight  feeding  apparatus,  and  the  ashes  are 
withdrawn  by  means  of  two  circular-coned  tables,  one  on 
either  side  of  a  grate  built  up  in  halves.  It  will  be  noticed 
that  the  usual  water  bottom  is  eliminated. 

The  water  jacket  serves  as  a  steam  generator  supply- 
ing most  of  the  steam  required  for  operating  the  plant. 
It  is  stated  that  a  300-hp.  plant  is  capable  of  working  at 
11/4  lb.  of  coal  per  brake  horsepower-hour  and  this  will 
evidently  yield  a  good  return  on  the  capital  invested  pro- 
viding that  favorable  conditions  exist  for  the  disposal 
of  the  byproducts. 

The  producer,  as  will  be  seen  from  the  foregoing  re- 
marks, possesses  advantages  over  the  ordinary  recovery 
producer.  The  conical  shape  allows  for  the  expansion  of 
the  coal  during  the  coking  stage,  and  facilitates  the 
natural  descent  of  the  coal ;  hence  about  50  per  cent,  more 
coal  is  said  to  be  gasified  for  the  same  sectional  area  as 
compared  with  the  ordinary  byproduct  recovery  producers 
having  a  vertical  shaft.  The  double  function  of  the 
water  jacket  is  also  important.  It  rapidly  cools  the  as- 
cending gases  formed  in  the  brickwork  portion  of  the 
producer,  thus  preventing  the  decomposition  of  the  am- 
monia and  it  also  provides  about  half  the  .steam  re- 
quired for  the  saturation  of  the  air  blast.  This  total 
amount  of  steam  is  about  one-third  to  two-fifths  of  that 
required  for  the  production  of  ammonia  in  ordinary  re- 
covery producers  (about  SO  to  90  lb.  of  ammonia  per  ton 
of  coal).  The  amount  of  steam  decomposed  in  passing 
through  the  producer  is  approximately  20  per  cent,  in 
excess  of  that  decomposed  in  ordinary  recovery  producers 
working  at  the  same  blast  temperatures.  Another  fea- 
ture is  that  the  temperature  of  the  gas  in  leaving  the 


producer  is  very  low — iji  the  neighborhood  of  200  deg. 
C,  which  besides  improving  the  efficiency  of  the  pro- 
ducer itself,  also  simplifies  the  auxiliary  cooling  and 
recovery  plant  necessary  to  the  process.  Moreover,  the 
gas,  after  the  extraction  of  tar  and  ammonia,  leaves  the 
plant  at  little  above  atmospheric  temperature,  and  is 
practically  free  from  moisture. 

The  calorific  value  of  the  gases,  when  the  plant  is  be- 
ing worked  under  conditions  which  allow  the  recovery  of 
from  80  to  90  lb.  of  ammonia  per  ton  varies  from  155 
to  160  B.t.u.  per  cu.ft.  The  average  analysis  of  the  gas 
obtained  may  be  judged  from  the  following: 

CO.  CO  H,,  CH. 

piT  cent.        per  cent.      per  cent.      per  cent. 
9  to  10  20  20  3 

It  has  been  found  possible  by  reducing  the  quantity 
of  steam,  to  obtain  a  gas  containing  25  per  cent,  or  more 
of  carbon  monoxide,  although  this  gain  is  at  the  ex- 
pense of  a  reduction  in  the  ammonia  yield.  On  the  other 
hand,  where  the  quality  of  the  gases  is  of  less  import- 
ance, it  is  possible  to  obtain  a  much  greater  yield  of  am- 
monia than  80  or  90  lb.  per  ton  of  coal. 

Summarizing  the  features,  it  may  be  pointed  out  that 
the  claims  of  this  new  producer  known  as  the  "Moore" 
type,  are  that  after  allowing  for  producer  loss  and  the 
heat  required  for  steam  raising,  the  net  available  quan- 
tity of  gas  is  20  per  cent,  more  than  that  obtained  from 
ordinary  recovery  producers.  This  would  make  the  first 
cost  of  the  plant  less.  Moreover,  the  ground  space  re- 
quired per  unit  is  about  half  that  required  for  the  or- 
dinary recovery  plants  and  operating  costs  are  said  to  be 
considerably  lesg. 

The  live-steam  requirement  calculated  on  the  total  coal 
gasified  in  the  producer  amounts  to  8.5  per  cent.  The 
feeding  of  the  coal  is  constant  and  regulated  by  the  rate 
of  ash  extraction,  the  latter  in  its  turn  being  regulated  by 
the  rate  of  gasification.  The  tar  is  extracted  after  the 
gas  is  cooled  by  passing  through  air  condensers  by  the 
well  known  Plouze  and  Audouin  apparatus  and  the  am- 
monia is  scrubbed  out  with  water  from  the  gas  and  re- 
covered as  ammoniacal  liquor.  By  recovering  the  am- 
monia in  this  form  either  concentrated  ammonia  or  am- 
monia salts  can  be  manufactured  as  required. 

To  Make  German  Engines 

The  .VnicriiMii  Knipp  System- 1  )iesel  Engine  Co.  lias 
been  incorporated  under  the  laws  of  Delaware  to  manu- 
facture and  sell  Krupp-Diesel  engines.  The  company 
has  .secured  the  exclusive  rights  for  the  United  States 
and  its  territorial  possessions  to  all  inventions,  patents, 
trade  marks,  etc.,  of  the  celebrated  German  concern.  The 
Fried.  Krupp  A.  G.  of  Essen,  Magdeburg  and  Kiel,  in 
so  far  as  the  same  relate  to  oil  engines  and  es])ecinlly 
to  the  Diesel  engine. 

There  is  no  falling  ott'  in  the  building  of  large  gas 
engines  in  Germany.  Thysseii,  at  Mulheim,  has  60  on 
order,  none  of  which  is  under  2500  hp.,  and  is  turning 
out  one  a  week.  The  Augsberg  Niirnberg  Maschinenfal)- 
rik  has  over  700,000  hp.  of  big  engines  running  on  blast- 
furnace gas.  and  reports  no  falling  off  in  orders  for  such 
engines.  The  greater  cylinder  diameter  is  1400  mm. 
(55  in.),  and  the  largest  engine  6000  hp.  in  four  cvlin- 
ders. 
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Corrosion  in  Refrigerating  Systems 

By  MoiiGAN  B.  Smii'ei 

During  the  pa.st  eight  years  the  writer  has  heeu  called 
upoii  to  investigate  many  cases  of  eorrosioii  in  refrigerat- 
ing systems  during  which  time  he  has  been  able  to  iso- 
late certain  factors  which  exert  an  accelerating  force  up- 
on that  natural  tendency  of  metal,  especially  iron,  to  re- 
turn to  the  original  condition  of  nature  through  the  proc- 
ess of  corrosion  or  oxidation. 

One  of  the  greatest  factors  entering  into  this  action 
is  that  force  set  up  between  electrically  dissimilar  metals 
known  as  auto-electrolysis,  or,  in  the  older  diction,  gal- 
"\  iuiic  action. 

In  the  first  place  it  seems  best  to  give  a  short  table, 
showing  the  relationship  which  exists  between  those 
metals  commonly  entering  into  the  make-up  of  refrigerat- 
ing system,  in  order  that  the  action  which  ensues  be- 
tween electrically  dissimilar  metals  may  be  understood. 
In  conil)inations  of  such  metals  it  is  always  the  positive 
nietal  which  is  attacked  and  so  eventually  destroyed.  In 
tlic  following  table  the  most  positive  metal  is  given  first. 
V.M-h  nietal  is  positive  to  the  one  following  it  and  nega- 
tive toward  the  one  proceding  it,  as  a  rule: 


1.  Aluminum  5.  Iron 

2.  Chromium  (i.  Niclcel 
li.  Manganese  7.  Lead 
4.  Zinc  8.  Tin 


9.  Copper 

10.  Hydrogen 

11.  Silicon 

12.  Carbon 


13.  Phosphorus 

14.  Sulphur 

15.  Chlorine 

16.  Oxygen 


From  this  table  may  lie  derived  the  electrolytic  rela- 
tion between  any  two  of  the  metals  given.  Simple  con- 
tact of  any  two  metals  in  this  series  will  generate  an 
electromotive  force  (e.m.f. ).  The  greater  the  separation 
of  the  two  metals  in  this  table  the  greater  will  be  the 
c.m.f.  set  up  between  them.  In  the  presence  of  moisture 
or  an  electrolyte  auto-electrolysis  or  galvanic  action  will 
be  set  up  and  the  positive  metal  destroyed. 

Of  those  elements  noted  in  the  table,  iron,  copper, 
copper-tin  (brass)  and  zinc  probably  pla}'  the  larger 
part  in  refrigerating  plants.  The  other  elements  given, 
with  the  possible  exception  of  aluminum  which  in  the 
future  is  sure  to  come  into  more  general  use  in  refrigerat- 
ing plants,  are  usually  present  as  impurities  in  the  metals 
used  in  the  construction  of  such  apparatus. 

In  the  matter  of  combinations  of  dissimilar  metals, 
not  merely  the  union  of  separate  pieces  of  imlike  metals, 
such  as  iron  with  copper  or  iron  with  brass,  etc.,  but  also 
the  union  which  exists  between  metals  and  the  impurities 
in  those  metals,  as,  for  example,  that  contact  which  ex- 
ists between  iron  and  carbon,  iron  and  phosphorus,  iron 
and  .sulphur,  iron  and  mill-scale,  etc. 

It  is  apparent,  therefore,  that'  not  merely  must  the 
union  of  separate  pieces  of  unlike  meta!s  and  the  union 
of  tlie  metals  with  their  impurities  be  considered,  but  also 
the  state  in  which  those  impurities  exi,st  in  the  metals. 

As  a  matter  of  fact,  there  are  only  two  conditions  which 
need  be  considered,  namely,  that  of  true  alloys  in  which 
the  original  metal  and  the  alloyed  metal  have  each  lost 
their  individual  identity  and  so  act  as  one  metal,  in  which 
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case,  strictly  speaking,  the  added  metal  is  not  spoken  of 
as  an  impurity;  and,  secondly,  that  condition  in  which 
metals  other  than  the  basic  metal  are  present  in  mere 
mechanical  contact  with  the  basic  metal. 

The  iron-copper  alloys  represent  the  first  condition  well 
and  cast  iron  the  second.  In  the  case  of  the  iron-copper 
alloys,  both  the  iron  and  the  copper  have  lost  their 
identity  as  such,  whereas  in  the  case  of  cast  iron,  or  for 
that  matter,  wrought  or  malleable  iron,  in  a  somewhat 
lesser  degree,  the  iron  still  retains  its  identity  as  such ; 
likewise  the  impurities  in  it,  such  as  carbon,  silicon,  phos- 
phorus, sulphur,  etc. 

In  the  case  of  the  alloys  the  metals  composing  them 
are  no  longer  free  to  act  upon  one  another;  whereas  in 
the  case  of  cast  iron,  the  basic  metal  and  the  impurities 
are  still  free  to  act  upon  each  other,  setting  up  within 
the  metal  local  zones  of  electrolytic  action  where  corrosion 
takes  place  more  or  less  rapidly  at  the  expense  of  the 
iron. 

These  local  electrolytic  centers  also  arise  around 
particles  of  mill-scale  (oxide  of  the  metal)  which  acts 
electro-negatively  toward  the  metal  and  so  hastens  tiie 
destruction  of  the  metal  itself. 

It  is  now  apparent  that  the  distribution  of  these  im- 
purities in  the  basic  metal  will  have  much  to  do  with 
the  character  of  the  corrosion,  determining  to  a  large 
degree  whether  the  corrosion  is  to  take  place  locally  or 
in  general  throughout  the  metal.  If  the  impurities  are 
evenly  distributed  in  the  basic  metal,  corrosion  will  take 
place  uniformly,  resulting  in  an  even  wearing  away  of  the 
metal,  likely  to  give  a  fair  length  of  life. 

If,  on  the  other  hand,  the  impurities  are  segregated,  or 
gathered  together,  in  fairly  well  defined  masses,  corrosion 
will  take  place  at  these  points  principally,  resulting  in 
pitting  or  grooving  of  the  metal,  in  which  case  the  piece 
of  metal  will  fail  at  these  points  long  before  the  real 
life  of  the  metal  has  been  reached. 

It  is,  therefore,  safe  to  conclude  that  so  far  as  possible 
combinations  of  dissimilar  metals  should  be  avoided ;  that 
metals  of  the  highest  degree  of  purity  should  be  used  and 
that  metals  showing  the  least  degree  of  segregation  of 
their  impurities  should  be  selected.  Likewise,  that  the  al- 
loys offer  a  possible  means  of  avoiding  local  or  auto- 
electrolysis  in  metals. 

In  practice  during  the  past  eight  years  many  instances 
of  obviously  bad  practice  have  been  noted,  among  which 
are  the  following  specific  instances : 

1.  Brass  valves  joined  with  wrought-iron  nipples  or 
pipe.    The  iron  is  attacked  in  this  case. 

2.  Cast-iron  fittings  joined  with  wrought-iron  nipples 
or  pipe.  The  wrought  iron  is  usually  attacked  more 
rapidly  than  the  cast  iron,  although  it  too  is  eventually 
destroyed. 

3.  Brass  glands,  etc.,  in  cast-iron-bodied  pumps.  In 
this  case  the  iron  is  eventually  destroyed. 

4.  Galvanized  iron  joined  with  brass  valves.  The 
iron  is  here  destroyed  rapidly,  even  though  the  iron  has 
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been  re-galvauized  after  threading,  for  the  zinc  is  even 
more  strongly  electro-positive  toward  brass  than  is  iron. 

5.  In  many  cases  the  use  of  galvanized-iron  piping 
where  there  is  much  moisture  and  a  free  circulation  of 
air  has  proved  to  be  bad  practice,  especially  if  the  quality 
is  not  the  best,  where  there  are  many  pin  holes  in  the 
zinc  coating.  The  zone  of  protection  afforded  iron  by 
zinc  in  galvanized  iron  is  comparatively  restricted  and, 
inasmuch  as  this  protection  is  given  at  the  expense  of  the 
zinc,  it  is  obvious  that  the  more  iron  is  exposed  the  faster 
will  be  the  destruction  of  the  zinc,  zinc  being  electro- 
positive toward  iron. 

6.  Steel  piping  joined  with  cast-iron  fittings.  In 
which  case  the  steel  piping  or  nipples  will  be  attacked 
first,  the  cast  iron  also  showing  attack. 

7.  Steel  piping  joined  with  brass  valves  or  unions.  In 
which  ease  the  steel  is  attacked  vigorously. 

8.  Copper  vessels  to  which  ai'e  attached  iron  or  steel 
pipes  or  fittings,  as  in  some  breweries.  The  iron  again  is 
attacked. 

0.  Iron  or  copper  piping  made  up  with  red  or  white 
lead  at  the  joints.  As  a  rule,  corrosion  of  the  iron  or 
copper  may  be  expected  after  a  time,  especially  in  brine 
lines.  Flanged  joints  should  always  be  used  in  preference 
to  screwed  joints  wherever  practicable. 

10.  Aluminum  joined  with  copper  or  brass.  In  which 
case  corrosion  of  the  aluminum  will  take  place. 

These  instances  are  given  to  show  concrete  instances  in 
which  corrosion  has  actually  taken  place  with  resultant 
destruction  of  the  positive  metal.  They  are  not  merely 
conjectures  but  are  actual  conditions  noted  in  practice. 

In  the  consideration  of  this  topic  there  are  several  con- 
ditions which  are  almost  always  present,  among  which 
are :  First,  a  condition  of  strain ;  second,  a  condition  of 
accelerated  oxidation  caused  by  the  presence  of  oxidizing 
agents,  such  as  air,  and,  third,  a  condition  of  accelerated 
corrosion  caused  by  the  effect  of  stray  electric  currents. 

Strain,  whether  tensile,  transverse  or  torsional,  in  metal 
always  (without  exception  so  far  as  is  now  known)  sets 
up  a  difference  of  potential  between  two  unlike  metals 
joined  or  between  a  metal  and  its  impurities.  This  is 
especially  true  of  torsional  strain. 

In  joining  unlike  metals,  if  there  is  no  feasible  method 
of  avoiding  such  practice,  great  care  should  be  taken  to 
insure  the  least  possible  straining  of  the  two  metals.  When 
a  screwed  joint  is  made  up  snug  and  tight  there  is  in- 
evitably a  tremendous  torsional  strain  set  up  throughout 
the  metal  and  especially  at  the  weakest  portion,  namely, 
the  threads.  When  a  flanged  joint  is  made  up  no  such 
strain  occurs  in  the  flanges,  although  the  bolts  and  nuts 
are  subjected  to  the  same  strain  as  in  screwed  joints.  In 
fitting  the  flanges  to  the  pipe  ends  care  should  be  taken 
not  to  induce  very  great  strain  as  here  again  there  is  the 
case  of  threads  to  contend  with. 

It  seems  to  be  excellent  practice  to  use  extra-heavy  pip- 
ing and  fittings  wherever  practicable,  even  though  the 
first  cost  is  much  greater.  Such  heavy  fittings  stand  the 
strains  far  better  than  ordinary  weight  fittings  and  also 
make  tighter  joints  with  far  less  danger  of  leaks. 

Accelerated  oxidation  or  corrosion  is  often  caused  by 
the  fact  that  piping  is  so  set  up  that  air  accumulates  at 
the  top  of  fittings  and  in  apparatus  as  well.  Piping 
should  be  so  put  up  that  it  may  be  vented  at  high  points 
and  tso  completely  filled  with  the  liquid  which  it  is  con- 


veying. This  is  likewise  true  of  apparatus  in  general. 
Oxidation  or  corrosion  of  this  nature  is  always  hastened 
if  there  are  present  combinations  of  dissimilar  metals  or 
metals  possessing  high  amounts  of  impurities  or  segrega- 
tion of  impurities. 

The  action  of  the  electric  current  in  promoting  and 
accelerating  corrosion  is  so  well  known  as  to  require  lit- 
tle comment.  It  is  well,  however,  to  again  point  out  that 
this  action  is  always  accelerated  in  greater  degree  in  the 
case  of  combinations  of  dissimilar  metals  than  in  the  case 
of  single  metals,  especially  in  the  presence  of  an  elec- 
trolyte or  moisture.  In  hunting  down  the  sources  of  such 
currents  it  is  well  to  bear  in  mind  the  fact  that  it  is 
usually  the  smallest  currents  which  in  the  long  run  cause 
the  most  damage,  because  they  are  allowed  to  go  on  in 
their  action  until  at  last  the  effect  is  noted  in  the  failure 
of  metal. 

As  to  the  proper  combinations  of  metals  in  refrigerat- 
ing systems  there  can  be  no  fixed  rule,  becau.se,  as  men- 
tioned above,  there  are  so  many  variable  conditions  pres- 
ent that  what  is  good  in  one  case  may  prove  undesirable 
in  another.  However,  there  are  certain  combinatioas 
which  seem  in  general  to  be  good  practice,  namely : 

1.  Malleable-iron  fittings  with  wrought-iron  piping 
or  nipples,  as  opposed  to  the  use  of  cast-iron  fittings. 

2.  Copper  or  brass  valves  or  unions,  etc.,  joined  witli 
iron  but  insulated  by  means  of  a  heavy  shellac  or  varnisli 
used  in  making  up  the  joints.  Such  means  have  proved 
successful  in  a  number  of  instances,  as  opposed  to  direct 
contact  of  copper  or  brass  with  iron. 

3.  Cast-iron  fittings  and  cast-iron  piping. 

4.  Where  it  is  necessary  to  join  unlike  metals  without 
insulation  it  is  good  practice  to  use  short  fittings  eitliei 
side  of  the  valve  or  second-metal  fitting,  i.e.,  in  the  case 
of  a  brass  valve  in  iron  pipe  lines  it  is  well  to  use  short 
iron  nipples  or  flanges  at  each  side  of  the  valve  so  that 
when  the  iron  is  destroyed  it  will  be  necessary  to  restore 
only  these  short  pieces  rather  than  whole  lengths  of  pipe. 

5.  In  many  cases  it  has  been  noted  that  iron  gal- 
vanized by  the  sherardizing  j)rocess  may  be  successfully 
joined  with  ordiiuiry  iron  or  even  with  copper  and  brass, 
whereas  iron  galvanized  by  the  hot  or  electrolytic  proc- 
esses is  usually  destroyed  under  such  conditions.  This 
is  probably  caused  by  the  fact  that  the  coating  on  iron 
in  the  case  of  the  sherardizing  process  is  not  pure  zinc 
but  rather  an  alloy  of  iron  and  zinc.  At  any  rate  it  seems 
to  be  far  more  resistant  to  the  action  of  auto-electrolysis 
than  the  usual  coating  of  zinc. 

6.  .A.luminum,  a  metal  which  in  many  solutions,  in- 
cluding brines,  actually  gains  in  weight  because  of  the 
fact  that  it  oxidizes  and  retains  a  firmly  adherent  coat- 
ing of  the  oxide,  seems  to  have  been  overlooked  in  the  de- 
sign of  refrigerating  plants.  It  may  be  safely  joined 
with  iron,  especially  wrought  or  malleable  iron,  in  almost 
every  condition  met  with  in  refrigerating  plants.  Any 
action,  however,  which  may  be  set  up  will  take  place  at 
the  expense  of  the  aluminum  in  the  case  of  a  combination 
of  iron  and  aluminum.  .Vluminuni  cannot  be  safely 
joined  with  copper  or  brass. 

7.  Steel  pipe  which  has  been  treated  in  such  a  man- 
ner as  to  eliminate  or  at  least  distribute  evenly  the  mill- 
scale  may  be  joined  with  wrought  iron  or  cast  iron  safely 
as  a  rule.  It  cannot  be  joined  with  copper  or  brass  safely. 
The  same  stock  without  treatment  for  the  mill-scale  will 
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show  a  decided  tendency  to  corrode  when  joined  with 
wrought  or  cast  iron.  The  so  called  "spellerized"  steel 
fulfills  this  condition  with  respect  to  the  scale. 

There  are,  no  doubt,  many  other  combinations  which 
work  out  well  in  practice  under  certain  conditions.  The 
above  named  combinations  are  in  actual  use  successfully 
at  the  present  time  and  for  this  reason  only  have  they 
been  given.  The  writer  is  of  the  opinion  that  not  suffi- 
cient attention  has  been  given  to  the  matter  of  insulating 
joints  between  dissimilar  metals.  Tt  seems  highly  prob- 
able that  in  the  future  more  attention  will  be  paid  to  this 
as  it  ought  to  solve  the  problem,  at  least  partially,  of 
combining  electrically  dissimilar  metals  in  the  presence 
of  electrolytes. 

A  Factor  in  Ice-Plant  Efficiency 

By  Peter  Neff 

To  anyone  who  has  occasion  to  examine  ice  plants, 
there  are  some  things  which  impress  him  immediately, 
and  which  serve  as  an  index  to  the  character  of  the  man- 
ager and  the  engineer  in  charge.  If  the  purpose  of  the 
examination,  for  example,  is  to  assist  in  correcting  some 
disorder  affecting  the  capacity  of  the  plant,  information 
will  naturally  be  sought  from  those  having  the  plant  in 
charge.  If  upon  entering  the  plant  everything  is  found 
in  disorder,  and  the  engineer  dirty  and  slovenly,  one's 
thoughts  pass  to  the  manager  who  will  permit  such  a  con- 
dition to  exist,  and  the  conviction  comes  that  what  state- 
ments they  may  make  will  have  to  be  discounted,  and  it 
will  be  necessary  to  seek  the  information  for  one's  self. 

In  such  a  plant  if  one  asks  for  a  piece  of  waste,  he  will 
usually  get  a  dirty  piece  from  the  engineer  or  a  rag,  and 
in  many  instances  there  is  no  such  thing  about.  Xo  rec- 
ords of  value  are  likely  to  be  found.  The  manager  may 
make  a  statement  which  the  engineer  will  deny,  perhaps 
not  to  his  face  but  when  alone  with  you.  It  is  a  most 
difficult  thing  to  assist  such  a  plant  and  it  is  not  to  be 
wondered  at  that  it  is  not  successful. 

On  the  other  hand,  if  everything  is  in  order,  wrenches 
where  they  belong,  machinery  and  floor  clean,  engineer 
neat  and  "here  take  this  piece  of  clean  waste,  you  maj 
need  it;  and  if  you  want  to  go  there,  better  put  on  a 
suit  of  my  overalls,  there  is  a  clean  set  there  in  the 
locker,"  and  when  you  have  finished  there  is  soap,  a  place 
to  wash,  and  a  towel ;  you  instinctively  know  that  the  in- 
formation desired  will  be  forthcoming  and  in  such  shape 
as  not  to  be  contradicted ;  the  manager  will  be  in  ac- 
cord and  will  tell  you  that  the  engineer  knows  all  about 
this  or  that. 

The  engineer  of  an  ice  plant  must  be  far  above  the  man 
who  simply  looks  after  a  boiler  and  engine,  and  yet  that 
is  what  some  managers  believe  is  the  engineer's  sole  work. 
True,  he  has  both  of  these  things  to  do,  but  much  more; 
there  is  the  usual  assortment  of  pumps  and  electric 
equipment;  then  there  is  the  compressor,  not  only  must 
he  know  its  construction  but  its  functions  as  well  if  he 
would  keep  it  up  to  its  maximum  efficiency.  The  am- 
monia condenser  to  some  is  only  a  set  of  pipes  with  water 
over  them,  to  the  engineer  it  is  an  apparatus  governed 
by  the  laws  of  heat  transmission,  and  something  that 
can  do  much  or  little  depending  on  its  condition.  He 
will  see  that  the  ammonia  leaving  it  is  as  cold  as  possible 
find  will  know  how  to  accomplish  this.  Having  made 
the  condenser  do  all  it  can.  he  will  see  that  the  tempera- 


ture of  the  ammonia  is  not  raised  after  it  leaves  the 
condenser,  and  if  the  liquid  receiver  is  placed  in  a  hot 
location,  he  will  correct  this  loss.  Should  he  have  a  little 
well  water  and  yet  not  enough  for  all  purposes,  he  will 
use  this  for  the  final  cooling  of  both  the  ammonia  and 
the  water  to  be  frozen,  thereby  saving  on  the  work  that 
the  compressor  has  to  do.  The  ice  tank  will  be  a  con- 
stant study  to  him,  to  see  that  the  insulation  is  in  good 
condition,  that  the  circulation  of  the  brine  is  the  best 
that  can  be  gotten,  that  the  ice  is  pulled  and  the  filling 
of  the  cans  done  regularly  so  as  to  avoid  losses.  He  must 
know  what  will  affect  the  character  of  the  ice  and  see 
that  it  does  not  occur.  He  will  see  to  it  that  records  are 
kept  and  will  check  them  so  that  he  knows  what  goes 
on  in  the  plant  all  the  time,  and  can  refer  back  to  them. 
If  he  finds,  for  example,  that  for  an  hour  or  two  i«i  the 
night  the  steam  pressure  went  down,  causing  the  water 
pump  to  slow  up  and  the  condenser  pressure  to  advance 
in  consequence,  and  that  the  net  results  were  increased 
fuel  consumption  and  a  decreased  amount  of  ice  made, 
he  will  be  in  a  position  to  demand  an  explanation,  and 
he  will  make  no  mistake  in  placing  the  responsibility. 

At  the  end  of  each  month  he  will  examine  his  record 
for  the  corresponding  month  for  as  many  years  as  he  has 
had  charge  of  the  plant.  If  the  month  shows  a  greater 
production  of  ice,  and  less  fuel,  etc.,  he  will  feel  that  he 
is  on  the  right  track  and  will  say  that  next  year  he  will 
beat  this  year's  record. 

If,  however,  this  year's  record  is  not  so  good  as  the 
corresponding  mouth  the  year  before,  he  will  not  rest 
until  he  has  found  why  in  such  plain  language  that  any- 
one can  understand  it. 

An  engineer  must  have  a  desk  in  which  to  keep  his 
papers,  and  the  owners  should  recognize  that  this  is  part 
of  the  engine-room  equipment.  If  they  will  not  furnish 
one,  the  engineer  should  make  one. 

Nothing  is  so  satisfactory  as  to  know  what  the  plant  is 
doing,  and  judging  this  by  comparing  it  with  past  rec- 
ords. One  would  suppose  that  all  engineers  would  keep 
complete  daily  logs  of  plants  in  their  charge  if  for  no 
other  pur])ose  than  to  protect  themselves.  There  is  noth- 
ing more  deplorable  than  where  reports  are  made  out 
without  any  care  and  perhaps  thrown  into  a  drawer  and 
that  is  the  end.  No  useful  lesson  is  learned  from  them 
and  there  is  no  compiling  for  comparison  with  other 
years. 

In  times  of  trouble  the  true  engineer  is  in  the  thick 
of  it  regardless  of  time,  and  he  does  not  leave  a  plant 
in  trouble  to  another.  The  thinking  engineer  today  is 
in  demand ;  he  knows  what  he  has  done  and  has  hopes  and 
ideals  for  the  future  of  the  plant  entrusted  to  him. 

In  no  other  industry  perhaps  has  the  engineer  such 
direct  control  over  the  affairs  of  the  organization  he  is 
serving,  for  he  controls  the  quantity  and  quality  of  the 
output,  and  most  of  the  expenditures  connected  with  its 
production.  An  increased  tonnage  and  a  decrease  in  op- 
erating expenses  makes  for  dividends,  and  the  sooner 
ice-plant  owners  realize  what  the  true  engineer  can  do 
for  them,  the  more  they  will  seek  for  such  a  one. 

The  Third  International  Congress  of  Eefrigeration  is 
only  a  month  away.  From  all  indications  the  exhibits 
will  be  unusually  complete  and  well  worth  traveling  over 
half  the  continent  to  see. 
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Using  Office  Help  in  Slack  Time 

Willi  ^0  imu-h  being  published  on  efficiency,  business 
inanagement  and  standardization,  it  behooves  the  me- 
chanical engineer,  like  everyone  else,  to  study  lessening 
the  waste  of  time  in  his  otfice.  Almost  every  business 
has  its  slack  seasons,  and  when  the  work  is  of  a  technical 
nature  calling  for  some  special  experience,  it  is  imprac- 
ticable at  such  times  to  cut  down  the  staS  to  maintain 
the  proper  balance  between  output  and  help.  The  great 
problem  confronting  the  office  manager  or  chief  drafts- 
man, is  how  to  make  the  best  use  of  those  of  his  men 
wbii  are  temporarily  idle. 

One  solution  is  to  use  this  time  for  systematically  col- 
lecting and  classifying  data  relative  to  the  business.  The 
engineer's  office  offers  an  unlimited  and  absorbingly  in- 
teresting field  for  such  a  system,  as  every  branch  of  engi- 
neering requires  special  detailed  knowledge.  Once  all 
the  available  data  are  collected,  the  process  of  sifting  and 
chissifying  would  be  simple,  and  the  result  would  be  that 
in  Inisy  seasons  the  work  of  the  men  who  did  the  data 
hunting  would  be  vastly  improved.  They  would  have  a 
better  grasp  of  the  technique,  a  knowledge  of  where  to 
find  the  data  they  needed,  increased  interest,  and  greater 
confidence  in  themselves. 

The  office  manager,  on  his  side,  would  gain  not  only 
an  experience  of  scientific  methods  in  reference  work,  as 
well  as  an  easy  reference  system  for  future  use,  but  a 
first-class  knowledge  of  the  capabilities  of  his  staff,  espe- 
cially if  they  had  been  left  to  do  the  work  on  their  own 
initiative.  In  teaching  the  ropes  to  new  men  this  accu- 
mulated experience  filed  in  a  card-reference  system  would 
be  invaluable. 

The  methods  of  obtaining  the  data  should  be  both 
theoretical  and  practical.  Much  valuable  information 
could  be  obtained  by  visiting  places  where  power  plants 
or  mechanical  systems  were  being  installed.  This  would 
give  opportunity  for  that  comparative  study  on  the  prac- 
tical side  which  is  of  first  importance  to  the  draftsman 
when  laying  out  work.  This  practical  work  should  be 
supplemented  by  thorough  scanning  of  current  periodical 
and  other  literature  in  the  shelves  of  pul)lic  and  technical 
libraries,  which  would  show  just  what  is  being  done  by 
those  highest  in  a  particular  line  of  work. 

How  many  young  engineers,  for  instance,  know  thor- 
oughly the  special  problems  connected  with  the  ventilat- 
ing, heating,  and  lighting  of  factories  and  workshops? 
A  handful  of  men  are  all  that  have  made  a  special  study 
(if  this  subject,  and  their  writings  are,  as  often  as  not, 
found  not  in  the  technical  periodicals  which  the  engineer 
has  in  his  office,  but  in  the  proceedings  of  public-health 
bodies  and  reform  and  labor  organizations.  At  present 
labor  and  health  laws  already  existing  in  some  states, 
and  soon  to  come  in  many  others,  are  making  this  sub- 
ject an  exceedingly  live  one  for  engineers,  who  in  many 
eases,  as  j'et,  are  but  half  prepared  to  handle  in  the  best 
manner  the  special  problems  such  legislation  will  create 
for   them.      This   is   only  one   among  many   engineering 


subjects  in  which  the  collection  and  systematization  of 
existing  data  should  prove  invaluable  to  the  engineer, 
and  above  all,  to  the  young  engineer  with  his  career 
before  him. 

Data  must  be  obtained  and  often  at  great  speed,  in 
which  case  it  may  not  represent  the  best  practice.  How 
much  better  therefore  to  get  it  while  there  is  time  to 
spare,  and  not  leave  it  to  be  gathered  while  the  job  is 
waiting  to  be  done. 

Foaming  Boilers 

No  doubt  every  boiler-house  attendant  some  time  or 
other  has  been  troubled  with  foaming  or  priming  boil- 
ers. That  this  condition  is  serious  is  only  too  often 
shown  by  the  sudden  blowing  out  of  an  engine-cylinder 
head,  the  breaking  of  some  part  of  the  steam  line  because 
of  water-hammer,  or  some  other  mishaps  usually  accom- 
panied with  more  or  less  danger. 

In  spite  of  all  claims  to  the  contrary,  no  boiler — except 
when  equipped  with  a  superheater — will  deliver  dry 
steam.  This  does  not  necessarily  mean  that  all  boilers 
foam,  even  though  a  small  quantity  of  water  is  carried 
over  into  the  steam  header.  It  is  the  amount  of  water 
going  into  the  header  that  differentiates  between  a 
priming  and  nonpriming  boiler.  In  the  former  large 
slugs  of  water  are  thrown  out  and  carried  along  in  the 
steam  line  until  they  are  either  captured  by  a  steam  trap 
or  delivered  into  the  engine  cylinder,  frequently  resulting 
in  a  wrecked  engine. 

It  is  also  true  that  a  steam-space  of  ample  capacity 
and  in  a  boiler  that  is  at  rest  and  under  pressure  will 
contain  practically  dry  steam.  But  the  moment  this 
boiler  begins  to  deliver  steam  and  to  receive  heat  from 
the  furnace  fires,  then  the  water  surface  becomes  agitated 
and  consequently  more  or  less  water  is  thrown  into  the 
steam  space,  a  part  of  which  is  bound  to  be  picked  up 
and  carried  away  with  the  steam.  While  there  are  dry- 
pipes,  dry-plates,  dry-boxes,  etc.,  to  prevent  this  carry- 
ing away  of  the  water,  nevertheless  some  water  usually 
will  get  past.  This  condition  is  not  serious,  however,  at 
least  from  the  standpoint  of  safety,  because  of  the  small 
quantity  involved  which  can  ordinarily  be  taken  care 
of  by  proper  traps.  It  is  when  the  large  slugs  of  water 
are  carried  over  that  the  trouble  begins. 

For  this  reason  every  attendant  of  steam  boilers  should 
familiarize  himself  with  the  several  causes  of  priminj; 
to  know  how  to  eliminate  them  should  occasion  arise. 

Some  of  the  principal  reasons  for  a  boiler  priminj[ 
are:  rapid  changes  in  the  draft  of  steam  or  sudden  de- 
mands for  large  volumes;  defective  circulation;  restricted 
steam  area ;  insufficient  water  area ;  forcing,  or  excessive 
evaporation;  dirty  water;  too  much  soda  ash  in  the  feed 
water  where  such  is  used  for  purification ;  presence  of 
oil  in  the  boiler  in  connection  with  the  use  of  soda  ash 
for  purifying  the  feed  water ;  and  presence  of  an  ex- 
cessive amount  of  sludge,  sometimes  resulting  from  the 
use  of  boiler  compounds  and  graphites. 
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Some  of  these  causes  may  be  rather  difficult  to  re- 
move, at  least  without  spending  considerable  money.  On 
the  other  hand  in  many  instances  the  wide-awake  boiler- 
house  attendant  can  determine  the  trouble  upon  proper 
investigation  and  very  often  apply  the  necessary  remedy. 

For  example,  foaming  caused  by  sudden  demands  for 
large  volumes  of  steam  would  indicate  need  of  a  larger 
steam-storage  capacity.  This  might  mean  some  steam 
loss  from  radiation,  but  very  little  with  proper  insulating 
covering.  Then,  again,  the  elimination  of  oil  and  other 
foreign  matter  from  the  feed  water  is  entirely  within 
the  attendant's  province  and  should  not  be  too  large  a 
problem  for  him.  As  for  restricted  steam  area,  insuf- 
ficient water  area,  etc.,  these  cannot  be  remedied  except 
by  a  radical  change  in  equipment,  which  probably  would 
mean  laying  out  considerable  money.  It  is  not  often, 
however,  that  a  boiler  of  reputable  make  has  such  defects. 

Usually  in  a  boiler  that  tends  to  prime,  the  first  rem- 
edy is  to  install  a  dry-pipe,  plate  or  box,  if  the  boiler 
is  not  already  so  equipped.  It  should  be  remembered, 
however,  that  such  a  remedy  does  not  remove  the  cause, 
but  only  the  effect,  and  that  it  is  not  always  positive 
in  doing  this.  While  all  boilers,  as  a  rule,  should  no  doubt 
iie  so  equipped,  yet  the  matter  should  hardly  be  allowed 
to  rest  there. 

One-Sided  Development 

The  failure  of  many  a  man  in  business  is  explained 
by  the  statement,  "he  lacks  business  tact  and  ability." 

This  same  statement  would  explain  the  failure,  or 
partial  failure,  of  many  a  man  in  a  professional  line. 
The  reason  is  that  most  men  who  acquire  a  high  degree 
of  knowledge  of  a  scientific  or  cultural  subject  do  not 
liave  left  sufficient  time  and  energy  to  develop  business 
ability.  For  in  these  days  business  is  almost  a  science 
by  itself,  and  the  ability  to  transact  it  is  an  acquired, 
or  at  least  a  cultivated  ability  Ity  most  men  who  have  it. 

The  fjict  that  men  must  forego  cultivating  this  faculty 
while  they  devote  their  entire  time  and  energy  to  cul- 
tivating a  faculty  along  professional  lines,  explains  the 
practice  of  so  many  professional  people  of  having  man- 
agers to  conduct  the  business  of  marketing  their  services. 

This  arrangement  among  professional  people  has  its 
lessons  for  the  engineer.  The  competent,  efficient  power- 
plant  engineer  must  have,  today,  enough  "book  knowl- 
edge" to  entitle  him  to  a  place  in  professional  ranks. 
In  order  to  acquire  this  knowledge  he  devotes  all  his 
spare  time  and  energy  to  study  and  experiment  along  the 
one  line — engineering — to  the  exclusion  of  thought  and 
culture  along  other  lines,  including  the  art  of  conducting 
business. 

Xo  wonder  then  that  he  is  underpaid,  which  means 
simply  that  he  has  not,  as  a  rule,  acquired  the  business 
ability  needed  to  sell  his  own  services  at  a  price  which 
represents  their  real  value. 

But  what  shall  he  do  about  it  ?"  This  is  the  practical 
question  that  arises.  Engineers  cannot  employ  business 
managers  as  do  actors  and  musicians,  or  perhaps  not 
even  business  brokers,  as  do  some  inventors,  to  market 
their  services  or  product  It  seems  certain,  however,  that 
some  way  could  be  devised  to  improve  matters.  Do  engi- 
neers feel  the  need  of  doing  something  to  improve  con- 
ditions in  this  respect?  Are  they  disposed  to  cooperate 
in  some  effort  in  this  direction?    Let  us  hear  from  men 


who  approve  the  idea  of  making  an  effort,  and  especially 
from  men  who  liave  any  ideas  about  a  plan. 

Xot  all  the  letters  that  come  in  can  be  published,  of 
course,  but  the  first  with  each  really  new  and  worthy 
idea  will  be  and  all  will  bo  carefully  considered  aiid  tin- 
composite  of  their  ideas  ultimately  submitted  to  cur 
readers  in  some  form. 

Engine  Ratings 

We  find  that  to  the  layman  the  usual  practice  in  rat- 
ing steam  engines  often  leads  to  confusion.  In  attempt- 
ing to  set  our  correspondents  straight  on  this  point  we 
are  often  led  to  question  whether  there  is  any  real  sig- 
nificance to  an  engine  rating. 

If  one  were  to  attempt  to  settle  this  point  by  search- 
ing through  engine  catalogs,  he  would  find  that  the  ma- 
jority, while  specifying  certain  steam  consumptions  for 
full  and  fractional  loads,  nevertheless,  do  not  commit 
themselves  to  any  definite  ratings  for  different  engine 
sizes.  This  omission  is  undoubtedly  for  the  purpose  of 
permitting  fiexibility  to  suit  individual  conditions. 

It  is  true  that  on  a  tentative  basis  most  builders  rate 
their  engines  at  a  load  corresponding  to  about  one-quarter 
cutoff,  but  this  merely  signifies  the  most  economical  point 
without  reference  to  the  maximum  load  the  engine  will 
carry.  Moreover,  engines  of  the  same  size,  but  of  different 
makes,  are  seldom  rated  the  same,  a  fact  explained  by 
the  designers  using  different  mean  effective  pressures. 

Again,  operating  conditions  in  the  average  steam  plant 
have  also  greatly  influenced  engine  ratings.  If  the 
majority  of  plants  were  to  operate  continuously  at  their 
maximum  load  and  the  demands  for  exhaust  steam  were 
such  as  to  make  steam  consumption  a  matter  of  second- 
ary importance,  then  it  might  be  reasonable  to  rate  the 
engines  at  their  maximum  load.  But  as  conditions 
actualh'  exist,  in  most  plants  the  maximum  load  comes 
on  only  for  short  periods  and  the  engine  runs  for  a 
greater  part  of  the  time  at  from  one-half  to  two-thirds 
this  maximum  load  ;  that  is  at  a  load  approaching  the 
most  economical  point  of  cutoff — if  the  proper-sized  en- 
gine is  installed. 

New  Jersey  Engineers,  Attention! 

We  call  the  attention  of  engineers  and  firemen  of  Xew 
Jersey  to  the  fact  that  their  applications  for  licenses 
must  be  in  the  hands  of  the  Secretary  of  Labor,  Tren- 
ton, N".  J.,  on  or  before  Sept.  4,  to  entitle  them  to  licenses 
without  undergoing  examination.  This  is  a  privilege  that 
all  now  employed  as  engineers  and  firemen  should  take 
advantage  of  and  not  lose  by  neglect.  Firemen  should 
realize  they  too  must  procure  a  license ;  many  of  them 
seem  to  think  the  law  relates  to  engineers  only. 

The  law  requires  that  certain  information  must  be 
forwarded  to  the  Secretary  of  Labor  when  application 
for  license  is  made.  On  page  280  of  this  issue  a  form 
of  application  blank  stating  what  information  is  needed 
is  given.  This  form  was  prepared  by  A.  L.  Case,  chair- 
man of  the  License  Law  Committee  of  the  X.  A.  S.  E., 
for  the  convenience  of  members. 

Owing  to  lack  of  funds  due  to  failure  of  the  legisla- 
ture to  make  an  appropriation,  the  bureau  of  examiners, 
the  creation  of  which  the  law  authorizes,  will  not  be 
organized  this  season. 
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Air-Bound  Water  Seal 

In  a  paper  mill  where  I  am  employed  a  peculiar  thing 
happened  recently,  that  has  remained  somewhat  of  a 
puzzle  ever  since.  There  are  fonr  paper  machines  that 
discharge  condensation  from  the  driers  into  a  receiving 
tank,  into  wliich  also  empties  the  condensation  from  the- 
heating  system.  A  centrifugal  pump  forces  the  water 
from  the  tank  to  the  boiler  room. 
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Seal  in  Return  Pipe  fkom  Dryehs 

When  the  machines  were  installed  there  was  no  trap, 
water  seal  or  anything  placed  on  the  discharge  line  from 
the  driers,  consequently  considerable  steam  passed  through 
the  driers  and  did  not  become  condensed.  Recently  a 
water-seal  was  placed  on  the  discharge  line  as  shown 
in    the    sketch.  One-half-inch    vent    pipes    AA    were 

placed  on  top  of  each  leg  BB  of  the  seal.  The  one  on 
the  machine  side  had  a  valve  while  the  other  was  at 
first  a  short  piece  of  pipe  about  10  in.  long.  During 
the  first  week  after  installing  the  seal,  the  rush  of  water 
at  times  was  great  enough  to  force  water  out  at  the 
top  of  this  vent.  This  was  objectionable,  as  employees 
passing  below  were  in  danger  of  being  scalded.  I  there- 
fore drove  a  wooden  plug  in  this  pipe,  intending  to  have 
the  pipe  extended  higher  the  following  Sunday.  This 
was  forgotten  and  about  3  p.m.  Monday  the  driers  be- 
came full  of  water.  On  opening  the  valve  on  the  one 
vent  and  removing  the  plug  from  the  other,  air  issued 
for  about  ten  seconds  from  both  vents,  and  then  a  rush 
of  hot  water  followed.  In  about  five  minutes  the  driers 
were  empty  and  everything  working  in  good  order. 

The  line  was  surely  air-bound,  but  the  puzzle  is  how 
could  they  have  become  so  bound?  A  pressure  in  the 
driers  of  .■)  to  10  lb.  and  a  head  of  71/^  ft.  from  the 
driers  to  the  top  of  the  seal  would  surely  be  sufficient 
to  force  air  into  the  tank,  in  which  no  pressure  above 
the  atmosphere  could  exist.  It  seems  impossible  tha*^ 
air  could  gather  and  remain  in  the  top  of  the  seal  next 
to  the  tank  sufficiently  to  choke  the  water  back,  for  it 


would  be  necessary  to  confine  it  on  all  sides,  and  next 
to  the  tank  there  is  no  pressure  to  do  this.  It  seems 
possible  that  air  enough  might  gather  in  the  machine  side 
of  the  loop  to  reduce  the  flow  of  water,  as  it  (the  body 
of  air)  would  be  subjected  to  pressure  on  all  sides. 
But  if  that  is  true,  why  does  it  not  occur  again  as  the 
valve  in  the  vent  pipe  is  closed  all  the  time.  The  one 
on  the  other  side  is  open  all  the  time,  but  how  could  it 
affect  the  other  side  of  the  seal?  There  must  have  been 
some  water  passing  into  the  tank,  else  the  driers  would 
sooner  have  become  filled.  The  tank  is  provided  with 
an  overflow  and  was  in  good  condition  at  the  time,  so 
it  was  not  filled  with  water  above  normal. 

If  air  on  the  tank  side  restricted  the  flow  of  water, 
how  is  it  to  be  accounted  for?  If  it  was  air  on  the 
machine  side  that  did  it  why  does  it  not  happen  again? 
If  the  check  valve  was  stuck,  or  failed  to  lift  enough,  why 
would  opening  the  vent  pipes  remedy  it?  The  writer 
will  l)e  pleased  to  have  this  explained. 

JotJEPii  Stewart. 

Hamilton,  Ohio. 

Plugs  for  Hollow  Stays  on  Heine 
Boilers 

Some  time  ago  the  writer  was  associated  with  the  op- 
eration of  a  power  plant  where  Heine  boilers  were  in- 
stalled. As  those  familiar  with  this  type  of  boiler  ar" 
aware,  the  front  and  rear  headers  have  openings  let 
through  them  for  the  purpose  of  blowing  off  the  tubes, 
these  openings  being  in  the  form  of  hollow  stays  which 
are  beaded  over  at  each  end.  At  first,  when  the  number 
of  boilers  was  small,  tapered  wooden  plugs  were  used  to 


Wood  Plug 


Hollow  end  filled 
with  aiheslos 


^^,0J>-'LoosUap 

Wire  Nail 
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I'l.rii   FOR   TIeisic   Boiler 

close  these  openings  as  it  was  found  that  through  the  ex- 
pansion and  contraction  almost  any  type  of  metal  plug 
would  soon  loosen  and  fall  out  of  place. 

The  wooden  plugs  were  far  from  satisfactory  because 
their  inner  ends,  being  exposed  to  the  heat  of  the  fur- 
nace, would  burn  off,  necessitating  renewal  of  the  plugs 
after  about  ten  days'  use.  With  only  a  few  boilers  in  use 
this  was  not  a  serious  consideration,  but  as  the  plant  grew 
and  more  boilers  were  added,  it  became  necessary  to  em- 
ploy a  large  proportion  of  a  man's  time  turning  no\\' 
plugs. 

After  various  expedients  had  been  tried  and  discarded, 
the  writer  suggested  a  form  of  plug,  which  was  experi- 
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meuted  with  and  found  satisfactory.  This  was  a  taper 
plug  made  in  tlie  manner  shown  in  the  sketch.  To  con- 
struct a  sample  for  trial,  one  of  the  old  plugs  was  turned 
down  in  a  lathe  an  amount  equal  to  the  thickness  of  a 
sheet  of  tin.  The  small  end  was  cut  off  about  1%  in. 
back  and  had  tin  plate  wrapped  around  the  stub,  over- 
lapped and  nailed.  The  small  end  of  the  tin  plate  being 
free  at  the  joint  will  spring  open  and  shut,  the  tin  sliding 
over  itself  at  the  lap.  Then  the  opening  formed  by  the 
extension  of  the  tin  beyond  the  wood  was  filled  with  as- 
bestos to  protect  the  wood  stub,  and  rammed  tight,  the 
reduced  size  of  the  chamber  at  the  open  end  holding  the 
asbestos  in  place.  When  these  plugs  are  tightly  inserted 
in  the  holes  the  free  ends  of  the  tin  tubes  are  slightly  coni- 
jjressed  and  the  spring  of  the  tin  plate  takes  up  all  differ- 
ence of  expansion. 

These  plugs  cost  about  three  times  as  much  as  the  plain 
wooden  ones,  but  some  that  were  examined  after  six 
mouths'  use  appeared  to  be  as  good  as  new,  with  pros- 
pects of  lasting  indefinitely. 

Otto  E.  Trautmann. 

Xew  York  City. 

Had  No  Success  with  Graphite 

The  Esterville  (Iowa)  Light,  Power  &  Water  C'o.'s 
plant  of  which  I  have  charge  has  horizontal  tubular  i)oil- 
ers.  Each  gallon  of  feed  water  contains :  37  gr.  sulphate 
of  lime,  5  gr.  carbonate  of  lime,  18  gr.  carbonate  mag- 
nesium, 2  gr.  sodium  potassium  sulphate,  1  gr.  sodium 
potassium  chlorides. 

Many  different  boiler  compounds  liave  been  used,  also 
kerosene  in  large  quantities,  but  these  boilers  have  been 
heavily  scaled  since  their  installation. 

About  two  years  ago  I  began  feeding  caustic  soda  and 
soda  ash  and  in  six  months  the  boilers  were  free  from 
scale.  The  fire  sheets  threw  off  the  scale  much  more 
rapidly  than  the  flues.  Of  course,  we  were  troubled  from 
foaming,  packing  troubles  and  lubrication  troubles  due  to 
the  action  of  the  caustic  soda,  but  we  always  managed  to 
work  the  boilers  to  full  capacity  and  considerable  over- 
load. Wishing  to  overcome  these  last-named  troubles  I 
decided  to  try  graphite. 

We  got  a  100-lb.  keg  of  boiler  graphite  of  a  well  known 
make,  read  the  directions  and  started  using  it  by  doubling 
the  dose  recommended.  The  fire  sheets  were  absolutely 
clean  and  the  flues  were  practically  free  from  scale  when 
we  began  using  the  graphite. 

Two  weeks  after  using  the  graphite  I  washed  the  boilers 
and  found  a  coating  of  hard,  white  scale  about  the  thick- 
ness of  an  egg  shell  over  the  fire  sheets.  We  continued 
the  use  of  graphite  until  100  lb.  were  used  and  then 
started  on  another  100-lb.  keg  of  graphite. 

Each  two  weeks'  run  showed  a  corresponding  increase 
in  the  thickness  of  the  hard,  white  scale  until  the  second 
keg  of  graphite  was  used.  The  flues  seemed  to  hold  their 
own,  neither  throwing  off  any  old  scale  or  accumulating 
any  new.  But  the  fire  sheets  had  rapidly  taken  on  new 
scale.  What  better  test  could  be  given  the  graphite  than 
these  clean  sheets  to  start  on  ? 

We  went  back  to  caustic-soda  treatment  and  the  new- 
scale  was  all  off  again  in  about  two  months.  I  wrote  the 
makers  of  the  graphite,  giving  them  the  same  explanation 
that  I  have  given  here,  and  in  their  reply  they  simply 
said  that  if  I  used  the  graphite  according  to  their  in- 


structions there  was  not  a  case  of  boiler  scale  that  would 
not  yield  to  the  graphite  treatment.  I  was  very  anxious 
to  make  it  a  success  as  it  would  have  been  a  boon  to  our 
steam  plant  had  it  been  a  success. 

The  first  boiler  inspector's  report  in  18  years  to  read 
"boilers  free  from  scale"  came  to  this  plant  recently 
l)ecause  of  the  use  of  caustic  soda  and  soda  ash.  We  use 
1  lb.  soda  ash  and  ^  lb.  caustic  soda  to  600  gal.  feed  water. 

E.  C.  Sutton. 
Esterville,  Iowa. 

[The  manufacturers  of  boiler  graphite  up  to  the  pres- 
ent, have  not  made  broadly  the  claim  that  graphite  would 
prevent  the  formation  of  scale.  The  product  is  recom- 
mended chiefly  as  a  scale  remover.  It  is  probable  that 
if  Mr.  Sutton  had  emptied  his  boilers  and  coated  the 
shell  with  graphite  while  the  plates  were  free  from  scale, 
no  scale  would  have  formed.  Some  engineers  coat  the 
boiler  with  graphite  and  also  use  soda  ash. — Editor.] 

Iron   in  Receiver  Goes  to  Engine 

In  this  plant  one  of  our  6()-hp.  cross-compound  Cor- 
liss engines  suddenly  developed  a  loud  knock.  On  shut- 
ing  down  the  engine,  we  found  that  the  piston  rod  on 
the  low-pressure  side  was  bent.  The  piston  head  was 
takeii  off  and  all  the  follower  bolts  were  foimd  in  place. 
The  valves  were  taken  out  and  found  in  good  condition. 
The  piston  was  then  removed.  On  the  crank-end  cylin- 
der head  and  on  the  spider  were  found  impressions  like 
the  picture  of  a  bird  with  its  wing  outspread.  A  piece 
of  iron  in  this  shape  was  found,  which  had  dropped 
through  the  valve  into  the  exhaust  chamber. 

Xext  the  receiver  was  opened  and  a  bucketful  of  iron 
clamps  and  pieces  of  packing  rings  was  taken  from  the 
bottom.     The  clamps  had  fallen  off  the  heating  coils. 

One  of  the  these  clamps  was  picked  up  by  the  steam 
and  blown  through  the  low-pressure  cylinder,  being 
caught  between  the  piston  and  head,  and  the  clamp  then 
fell  through  the  lower  valve.  Strange  to  say,  it  passed 
through  lioth  the  valves  without  injuring  them. 

T.  F.  White. 

Ilandley,  Tex. 

Test    for    Pressure  Drop  in   Long 
Steam  Pipe 

A  test  for  pressure  and  temperature  drop  on  a  5-in. 
steam  line  1700  ft.  long,  having  thirteen  90-deg.  elbows 
and  covered  with  the  best  grade  of  pipe  covering,  showed 
a  pressure  of  155  lb.  at  the  boilers,  with  a  steam  tem- 
perature of  -1:70  deg.,  102  deg.  superheat.  At  the  end 
of  the  line  a  pressure  of  150  lb.  was  obtained,  with  a 
temperature  of  365  deg.  and  practically  dry  steam. 

This  line  supplies  steam  for  operating  a  50-ton  ice 
machine,  a  three-cylinder  compound  pumping  engine,  13, 
16,  ISX's  and  IS  in.;  one  71/2-  and  -ti/oxlO-in.  pilot- 
pressure  pump  and  eight  vacuum  pumps  of  various  sizes. 
Steam  is  su]iplied  to  this  line  by  a  500-hp.  water-tube 
boiler. 

During  the  24-hr.  test,  while  the  steam  was  carried  at 
155  lb.,  the  superheat  ranged  from  8!)  to  102  deg.,  ac- 
cording to  the  load  on  the  boilers. 

F.  J.  Ravlin. 
Chicago.  111. 
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Float  Switch  for  Tank  with  Little 
Headroom 

Thp  automatic  pump  control  shown  by  H.  B.  McDer- 
mid  in  the  July  1  issue  brings  to  my  mind  an  automatic 
pump  control  which  I  made  and  installed  on  a  tank 
of  heavy  boiler  iron  measuring  34x48x72  in.,  and  which 
served  as  a  receiver  or  drip  tank,  to  which  all  the  trap 
dischnr^os  in  vnrious  ]iarts  of  the  factory  were  returned, 


HoirE-MAD?:  Taxk  Switch 

being  then  pumped  from  this  tank  by  an  electrically 
driven  triplex  pump  to  the  main  storage  tank  for  hot 
water  located  in  the  heater  room. 

As  this  tank  was  placed  in  the  basement  of  the  boiler 
room  the  height  of  which  was  about  61/^  ft.  from  the 
ceiling  to  the  tioor,  there  was  very  little  head  room  be- 
tween the  tank  and  ceiling.  It  was  desired  to  have  the 
pump  draw  the  water  to  within  6  in.  from  the  bottom, 
also  to  allow  the  tank  to  nearly  fill  before  starting  tlie 
pump. 

The  available  headroom  between  the  top  of  the  tank 
and  the  ceiling  was  about  18  in.  and  as  it  was  desired 
to  have  the  tank  steam  tight,  the  chain  and  float  with 
counterweight  could  not  be  used  as  steam  would  leak 
around  the  chain  where  it  passes  through  the  top  of  the 
tank.  It  was  decided  that  a  rod  could  not  be  used 
because  it  would  have  to  have  a  movement  of  nearly  40  in. 

Taking  a  heavy  8  in.  copper  float  I  drilled  a  hole 
througli  its  axis  large  enough  to  fit  a  Y^-^n.  pipe.     This 


pipe  was  cut  off  within  i/^  in.  of  each  end  of  the  float 
and  soldered  water  tight.  With  a  suitable  stuffing-box  ob- 
tained from  an  old  globe  valve  and  with  a  rod  of  proper 
size  and  length,  I  placed  the  float  on  the  rod  and  ad- 
justed the  collars  to  the  height  of  water  I  wished  to 
carry.  The  tank  switch,  which  is  of  the  spring-trip  quick- 
release  single-pole  type,  is  mounted  on  the  ceiling  directly 
above  the  tank,  and  the  rod,  with  suitable  link  connec- 
tion as  shown  in  the  sketch,  was  connected  to  the  operat- 
ing lever  of  the  switch.  This  switch  merely  opens  and 
closes  the  motor  circuit  by  opening  and  closing  the  cir- 
cuit breaker.  The  pump  is  a  triplex,  single-acting  pump 
of  120  gal.  per  min.  ca])acity  and  pumps  the  tank  dry 
in  five  to  six  minutes.  This  outfit  is  looked  after  about 
once  a  week  and  has  given  no  trouble  since  it  was  put 
in  about  3  nioiiths  ago. 

Comment  on  Peculiar  Diagrams 

Replying  to  John  T.  Sharp,  Jr.,  in  the  June  17  issue, 
as  to  the  unusual  indicator  diagrams,  I  wish  to  say  that 
the  engine  from  which  these  diagrams  were  taken  is  evi- 
dently running  light,  as  the  cutoff'  should  be  25  per  cent, 
for  good  working  loads.  The  lower  diagram  is  all  right 
for  the  load,  the  other  shows  too  early  compression,  too 
late  and  too  slow  release.  I  think  if  these  were  remedied, 
the  cutoff  would  take  care  of  itself.  When  the  latter  two 
conditions  are  fixed,  there  shduld  be  no  loop  and  there 
would  be  a  horizontal  exhaust  line. 

8.  T.  Blakeman. 

Senatobia,  Miss. 

Air-Driven  Pump  Freezes 

In  reply  to  the  question  of  II.  E.  Leonard  on  page  138, 
July  22  issue,  I  operated  an  air-driven  pump  in  a  coal 
mine  using  air  at  70  lb.  pressure.  The  pump  was  lOOO 
ft.  from  the  compressor,  and  I  experienced  the  same 
trouble  he  speaks  of.  During  the  warm  weather  ice 
would  form  on  the  end  of  the  exhaust  pipe  that  I  would 
knock  off  with  a  hammer,  but  in  cold  weather  ice  would 
form  under  the  slide  \alve  and  would  obstruct  the  ex- 
haust. When  the  pump  connnenced  to  slow  down  I 
would  stop  it  and  let  it  stand  about  five  minutes.  That 
would  let  the  temperature  rise;  then  when  I  started  it 
again  the  ice  would  break  loose  from  the  valve  and  lilow 
out.  This  operation  was  repeated  whenever  it  was  re- 
quired. 

The  proper  way  to  remedy  this  trouble  is  to  put  a 
l/g-in.  pipe  inside  the  exhaust  pipe  and  bring  it  out 
through  the  exhaust  pipe  and  connect  it  to  the  discharge 
pipe  of  the  pump.  The  eiuls  of  the  Vs-in.  pipe  should 
be  flattened  a  little  so  as  to  make  a  spray. 

F.  M.  Benjamin. 

St.  Cloud,  Fla. 

|"More  good  discussion  of  means  to  prevent  the  freezing 
of  air-driven   pumps  would  be  welcomed. — Editou.] 
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Capacity    Measurement — In    what    units    is     the 
n    electrical    condenser    measured? 

B.   M. 

The  unit  of  capacity  is  the  farad,  which  is  defined  as  the 
:apacity  of  a  condenser  which  requires  one  ampere  per  second 
o  raise  its  potential  from  zero  to   1   volt. 


Safe  Boiler  Pressure — What  steam  pressure  is  allowable 
an   a  water-tube  boiler  and   what  on   a  flre-tube  boiler? 

J.   C.    M. 

The  pressure  allowable  for  any  boiler  depends  on  its  de- 
sign, material  of  construction,  workmanship  and  condition. 
Water-tube  boilers  are  generally  made  to  carry  150  to  200  lb., 
while  present  fire-tube  boilers  are  generally  made  to  carry 
100  to  150  lb.  However,  the  pressure  allowable  for  a  boiler 
of  either  class  depends,  in  any  case,  on  the  pressure  assumed 
to  be  safe  after  inspection,  computation  of  strength  and  appli- 
cation of  a   hydraulic  test  pressure. 


Belt  Splice — How  should  a  cemented  belt  joint  be  lapped 
and   which  direction  should  the   belt   run? 

E.    H.   B. 

A  belt  with  a  cemented  lap  joint  should  be  driven  in  such 
a  direction  that  the  lap  next  to  the  pulley  will  be  wiped 
down  by  the  pulley  on  which  the  belt  is  more  likely  to  slip. 
Therefore,  if  the  driving  pulley  is  larger,  or  of  the  same 
diameter  as  the  driven  pulley,  then,  as  slipping  is  more  likely 


i/s-stroke.      About    how    much   could    be    saved    by    installing   a 
new  boiler  and  carry  100  lb.? 

J.  N. 
With  80-lb.  boiler  pressure  and  cutoff  at  V.-.-stroke,  the 
terminal  pressure  would  be  down  very  close  to  atmospheric 
pressure.  At  100-lb.  initial  pressure,  cutoff,  with  the  same 
load,  would  be  so  short  as  to  cause  expansion  below  the  at- 
mosphere, thereby  causing  cylinder  cooling  by  drawing  in 
air  during  the  first  part  of  the  return  stroke.  Under  such 
circumstancas  100-lb.  initial  pressure  would  not  be  as  eco- 
nomical as  the  present  80-lb.  If  a  diagram  taken  with  aver- 
age load  shows  no  more  than  about  3-lb.  terminal  pressure, 
then  it  certainly  would  not  be  more  economical  to  install  a 
new  boiler  and  use  100-lb.  initial  pressure. 


to  occur  by  the  belt  being  dragged  over  the  driven  pulley, 
the  butt  end  of  the  flap  should  travel  forward,  as  shown 
in  Fig.  1.  If  the  driving  pulley  Is  smaller  than  the  driven 
pulley,  then  slipping  being  more  likely  to  occur  by  the  driving 
pulley  slipping  ahead  of  the  belt,  the  belt  should  be  put  on 
so  the  thin  end  of  the  flap  travels  forward,  as  indicated  in 
Fig.  2.  A  graft  lap,  like  Fig.  3,  should  be  used  when  con- 
ditions require  the  main  lap  to  travel  in  the  direction  shown 
in  Fig.  2,  but  no  graft  lap  is  necessary  when  conditions  re- 
quire the  main  lap   to  travel  as   shown  in   Fig.   1. 


Plpe-Flttlng  Friction — In  its  resistance  to  steam  flow,  how 
would  the  friction  in  a  90-deg..  7-in.-  elbow  compare  with 
that  in  straight  pipe? 

W.    W.    C. 
It  would  be  equivalent  to  the  resistance  in  passing  through 
about   520   diameters   of   pipe   of   the   same   size.   i.e..   a   90-deg. 
elbow  in  a  7-in.  steam  line  offers  the  same  resistance  to  flow 
as   passage   through 

520    X    7 

—    3035    ft.    of   7-in.    pipe. 

12 


Mean  Effective  Pressure — How  is  the   mean   effective  pres- 
sure found  without  an  indicator? 

C.   E.   M. 
It  can  be  estimated  from  knowledge  of  the  initial  pressure, 
point   of  cutoff  and  average  back   pressure   by   the   formula 
Pn,   =    (1    -}-    log^  R)    (f  +   c)  —  c. 

in  which 

Pm  =  Mean  forward  pressure  per  pound  of  initial  pressur.  ; 
logeR  =:  Logarithm    of  the  ratio    of  expansion; 
f  =  Per  cent,  of  cutoff; 
c  =  Per  cent,   of  clearance. 
From   this  mean  forward  pressure  the  mean  back  pressure 
(both    absolute)     is    subtracted,     leaving     the     mean    effective 
pressure.      Instead  of  making  the  computation,   the  mean   for- 
ward pressure   is   usually  taken  from   tables   such   as   those    in 
Low's   "Steam  Engine   Indicator,"   pages   115  and   116. 


Connecting  Waterwheel  and  Bn^lne — Is  it  advisable  to 
connect  a  waterwheel  having  no  governor  and  an  engine  so 
as  to  obtain  their  combined  power  on  a  single  shaft?  How 
should    it    be    done? 

I.   C. 

It  would  be  feasible  to  connect  the  engine  with  the  water- 
wheel,  with  a  governor  only  on  the  engine,  if  the  power  is 
always  in  excess  of  the  amount  developed  by  the  water- 
wheel  and  the  engine  and  waterwheel  are  coupled  together 
so  that  each  runs  at  its  proper  speed.  Care  should  be  taken 
that  the  engine  is  started  first,  or  that  it  is  thoroughly 
warmed  up  before  the  waterwheel  is  started,  as  a  head  might 
be  knocked  out  if  there  was  water  in  the  cylinder  of  the 
engine.  It  is  safest  to  have  a  clutch  coupling  between  the 
powers  and  after  starting  the  "waterwheel  slowly  to  start 
the  engine  slowly  with  the  drip  cocks  open  and  bring  the 
speed  up  gradually  on  both  the  engine  and  the  waterwheel 
before   throwing   in   the   clutch   coupling. 


EuKine  Economy — We  have  a  noncondensing  Corliss  engine 
supplied    with    steam    at    80-lb.    pressure    and    cutting    off    at 


Corliss  and  Sllde-Valve  Engine  Cutoffs — Why  is  it  that  a 
Corliss  valve  gear  with  one  wristplate  cannot  cutoff  between 
near  one-half  stroke  and  a  point  very  near  the  end  of  the 
stroke?  'Why,  with  a  plain  slide  valve,  is  It  impracticable  to 
cutoff  before  one-half  stroke? 

E.  H.  I. 

A  Corliss  valve  gear  with  o!ie  wristplate  has  to  open  and 
close  the  exhaust  valves  of  the  engine  by  a  reciprocating 
motion  during  one-half  of  a  revolution  of  the  engine;  i.e., 
during  the  return  stroke  of  the  piston,  as  the  exhaust-valve 
connections  with  the  wristplate  are  positive  in  their  action. 
The  cam-cutoff  mechanism  of  the  steam  valves  is  operative  in 
only  one  direction  and,  as  the  wristplate  for  operating  the 
exhaust  valves  has  to  be  reversed  when  one-half  of  the 
stroke  is  completed,  the  cutoff  cams  cannot  control  cutoff 
through  a  greater  range  than  one-half  stroke. 

To  effect  cutoff  with  an  ordinary  slide-valve  engine  it  is 
necessary  to  advance  the  eccentric,  thereby  simultaneously 
advancing  the  time  of  admission,  release  and  closing  of  the 
exhaust.  By  adding  lap  to  the  steam  ends  of  the  valve,  undue 
lead  can  be  prevented,  and  early  opening  of  the  exhaust  also 
can  be  prevented  by  adding  inside  lap  (i.e..  on  the  exhaust 
edges  of  the  valve).  But  if  these  operations  are  carried  so 
far  as  to  be  adapted  to  cutoff  at  less  than  about  five-eighths 
stroke,  early  release  and  back  pressure  are  increased  so  much 
as  to  reduce  power  and  economy  below  practical  require- 
ments. 


August  19,  1913  POWEE  277 

iiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiNiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiNiiiiiiiiiiiiiiiiii^ 

ENGINEERS'     STUDY     COURSE  I 


liiuiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiniiiiininiiiiiiiiiiiiiiiiiiiiii iiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiw 


Chimney  Design 


When  water  is  conveyed  in  a  pipe  the  quantity  deliv- 
!red  per  unit  of  time  depends  upon  the  diameter  and 
ength  of  the  pipe,  the  friction  due  to  the  nature  of 
:he  pipe  surface  and  the  kind  and  number  of  the  turns 
n  the  pipe,  the  difference  between  the  pressure  or  head 
it  the  starting  point  and  at  the  delivery  point. 

For  illustration,  consider  a  1-iu.  pipe  line,  400  ft. 
ong,  arranged  as  shown  in  Fig.  1 .  Assume  that  under 
;he  conditions  shown,  9  gal.  of  water  is  delivered  per 
ninute  and  that  it  is  desired  to  increase  the  quantity 
:o,  say,  12  gal.  per  min.  As  the  nature  of  the  pipe  sur- 
!ace  and  the  number  of  turns  cannot  be  changed,  it  will 
3e  necessary  to  increase  the  head  H  or  increase  the 
iiameter  of  the  pipe  to  secure  the  desired  result. 

The     increase     in     head 


would  have  to  be  consider- 
able, something  like  200  ft., 
while  the  necessary  increase 
in  diameter  would  be  but 
slight.  But,  if  it  were  re- 
quired to  deliver  the  orig- 
inal quantity  of  water 
against  a  resistance  or  back 
pressure  due  to,  say,  a  par- 
tial obstruction  at  the  end 
E,  or  at  any  other  place,  in- 
creasing   the     diameter    of 


^ 

,  I  Open 


^^^^>^?55^>;?^m^5555<?  w^^;^^^M^my:oimm' 


iLLt'STIiATING   He.ID    FeICTION    AND    Fl.OW 

;he  pipe  would  be  of  but  slight  use.  Tlie  only  lien- 
ifit  derived  would  be  a  certain  reduction  in  the  fric- 
ion  of  the  pipe  itself,  which  would  leave  just  that  much 
more  pressure  available  at  E  for  overcoming  the  resistance 
there,   resulting  in  a   somewhat  increased   flow. 

On  the  other  hand,  any  increase  in  head  //,  produced 
jy  raising  the  upper  tank,  would  almost  all  be  availaljle 
for  overcoming  the  local  resistance  or  back  pressure  at  E, 
the  only  amount  lost  being  due  to  the  slight  additional 
Friction  of  the  required  additional  length  of  vertical  pipe. 

The  principles  of  boiler-furnace  draft,  produced  by  a 
;-himney,  are  very  similar  to  those  involved  in  the  fore- 
going illustration.  One  difference  in  actual  application 
;s  that  the  chimney  system  seemingly  works  upside  down, 
rhe  boiler  room  itself  corresponds  to  the  overhead  tank 
n  Fig.  1  ;  the  furnace,  gas  passages  of  the  boiler,  breech- 
jng  and  chimney  are  the  piping  system.  But,  instead 
jjf  the  flow  being  downward,  as  in  the  case  of  the  water 
[iystem,  it  is  upward.  Nevertheless,  gravity  is  the  actu- 
iting  force  in  both  cases.  The  heavy  cool  air  outside  the 
•himney  containing  the  light,  hot  gases  has,  due  to  the 
jOrce  of  gravity,  a  continual  tendency  to  seek  its  own 


levels  in  the  chimney  and  force  up  the  light  gases.  It 
never  succeeds,  however,  for  as  long  as  the  fire  is  main- 
tained the  heavy  cool  air  is  converted  into  light  hot  gas 
in  passing  through  the  fuel  bed. 

The  important  point  of  comparison  between  the  water 
system  here  illustrated  and  a  natural-draft  system  is  that 
similar  changes  in  dimensions  or  design  j)roduce  similar 
results.  If  it  is  desired  to  increase  the  head  (or  draft) 
so  that  a  certain  rate  of  flow  may  be  maintained  against 
a  given  resistance,  logically,  the  height  of  the  water  pipe 
or  chimney,  as  the  case  may  be,  must  be  increased.  While 
increasing  the  area  of  the  piping  or  the  gas  passages 
lielps  to  a  slight  extent,  the  main  resistance  (at  E,  Fig. 
1,  or  at  the  fuel  bed  in  the  case  of  a  draft  problem)  is 
usually  so  large  that  only  a  change  in  height  will  suffice. 
In  other  word.s,  the  head  or  draft,  or  tendency  to  flow — 
"\^'hichever  you  call  it — must  be  great  enough  so  that  the 
resistance  or  friction  will  be  overcome  and  there  will 
still  remain  a  certain  amount  of  draft  to  prodvice  a  flow 
or  velocity  sufficient  to  handle  the  required  quantity  of 
gas  jier  unit  of  time. 

When  this  condition  has  been  fulfilled  the  size  of 
breeching  and  diameter  of  chimney  must  be  determined. 
Here,  just  as  with  the  water  piping,  the  area  of  the 
passages  is  the  factor  which  has  the  greatest  effect  on 
llic  caiiacity  (volume  of  gas  handled  per  unit  of  time). 
And  it  is  j^oor  economy  to  add  to  the  height  simply  to 
increase  the  capacity  by  making  the  velocity  abnormally 
high. 

Estimating  Draft  Required 

Before  we  are  in  a  position  to  design  a  suitable  chim- 
ney for  a  given  plant  we  must  have  some  data  as  to  the 
draft  that  will  be  required  under  the  working  conditions. 
Knowing  this,  we  can  then  determine  the  necessary 
height.  To  estimate  the  draft  that  will  be  required  we 
must  know  the  approximate  nature  of  the  fuel  to  be 
burned,  the  rate  at  which  the  fuel  is  to  be  burned,  the 
grate  area,  the  type  of  boiler  to  be  used,  manner  of 
baffling,  length  of  the  breeching,  its  cross-sectional  area 
and  the  number  of  turns  it  makes.  In  fact,  we  should 
know,  if  possible,  all  the  factors  that  affect  the  draft 
and  the  amount  of  their  influence. 

Unfortunately,  it  is  almost  impossible  to  jjormanently 
determine  all  the  factors.  After  a  plant  has  been  run- 
ning a  3'ear  or  so,  it  may  be  necessary  to  change  the 
grade  of  coal  used.  Or,  it  may  be  necessary  to  add  more 
boilers  than  were  originally  provided  for  or  to  greatly 
overload  the  e.xisting  plant.  All  these  changes  would 
have  their  effect  on  the  draft  requirements.  Hence,  as 
the  load  on  the  stack  is  usually  increased  and  but  seldom 
diminished,  it  is  a  good  and  safe  mistake  to  make  the 
chimney  too  large  rather  than  too  small.  The  intelli- 
gent engineer  will  offset  too  much  stack  capacity  by  a 
careful  use  of  the  dampers,  but  he  is  helpless  if  he  is 
afflicted  with  a  heavily  overloaded  chimney. 

The  study  of  draft  losses  in  a  boiler  installation  is 
such   a  broad  one  and   so   many  factors  enter  into  the 
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problems  involved  that  it  is  impossiblu  to  do  more  than  semi-bituminous  coal  at  a  rate  of  approximately  20  lb. 

briefly  outline  the  details  here.  per  sq.ft.  of  grate  per  hour.     Then,  adding  this  quantity 

Inealoulating  the  draft  required  for  a  given  iustalla-  to  the  quantity  estimated  to  be  required  to  overcome  the 

tion  allow  0.001  in.  of  water  for  each  foot  in  the  length  of  resistance  of  the  boiler  and  breechiug,  we  have  a  total 

the  breeching,  measured  from  the  chimney  to  the  nearest,  draft  requirement  of 

boiler;  0.05  in.  for  each  right-angle  turn  in  the  breech-  0.48+0.23=0.';  1  in.  of  ivaier. 

ing,  and  0.4  in.  for  the  boiler  or  boilers  themselves.  The  next  step   is  to  estimate  the   height  of   chimney 

These    figures    are    based    on    average    conditions    and  required  to  develop  this  amount  or  intensity  of  drafi. 
they  are  safe  for  use  with  most  of  the  ordinary  installa-  Hfioht  of  Chi.mmv 

tions   where   the    cross-sectional    area    of   the    breeching 

is  30  per  cent,  greater  than  the  smallest  free  cross-sec-  In  a  previous  lecture  a  formula  was  given  for  estimal- 

tional  area  of  the  chimnev  and  where  the  boiler  is  of  any  ing  the   amount   of   draft   to  l)e   expected   of   a  chimney 

standard  design  and  has  "the  usual  baffle  and  gas-passage  of  a  given  height  under  certain  conditions.    By  rearrang- 

arrano'ementsl^  ^^S  ^^'^  modifying  this  formula  slightly  it  will  serve  for 

AftCT  having  allowed  a  certain  quantity  of  draft  for  estimating  the  height  of  chimney  required  when  the  draft 

overcoming  the  resistance  of  the  boilers  and  gas  passages  is  known.    The  original  form  (see  issue  of  Aug.  12)  wa:- 

it  is  next  necessary  to  estimate  the  draft  required  at  the  T)  =  0  'S'>  H  y:  P  (  ^- ^ 

fuel  bed.     This  factor  depends  on  the  kind  and  size  of  -     .    ^        X       y  y,       y,,^ 

the  fuel  to  be  burned  and  the  rate  of  combustion  required  g^  transposing  the  factor  //    t„  the  left  side  of  the 

to  carry  the  load  on  the  boiler.  equation  the  formula  takes  a  more  convenient  form  for 

To  estimate  the  rate  of  combustion  it  is  necessary  to  j^^  ^^^.^^^^^^  application,  thus. 
take  into  consideration  the  maximum  horsepower  to  be 

developed  ;  the  pounds  of  coal   required  to  develop  one  //  =  _ __ 

horsepower-hour,  and  the  area  of  the  grate.     Multiply-  0.52  P(^ — -=r,] 

ing  the  first  two  factors  together  and  dividing  by  the  \-'        ^   / 

last  gives  the  rate  of  combustion  in  pounds  per  square  where  D  represents  the  draft  required  and  all  the  othei 

foot  of  grate  per  hour.     When  this  quantity  has  been  symbols  are  the  same  as  in  the  previous  case, 
estimated    the   approximate    draft   required    may   be   ob-  Now,  the  chimney  itself  offers  some  resistance  to  the 

tained  from  Table  1,  compiled  from  some  data  given  in  flow  of  the  gases  and  allowance  should  be  made  for  this 

"Stirling"  and  some  furnished  by  the  Green  Engineer-  A  common  estimate  of  this  loss  is  20  per  cent,  of  the  tota' 

ing  Co.  draft    developed.      That    is,    if    a    perfectly    frictionless 

TABLE  I.    DR.\FT  REQUIRED  IN  INCHES  OF  WATER  FOR  v.\Riovs  imaginary  chimncy  could  develop,  say,  1.25  in.  of  draft 

COALS  AND   RATES  OF  COMBUSTION  in   actual   practice   a   chimney   of   the   same   size   woulc 

Kind  of  Coal  Pounds  of  Coal  Burned  per  Sq.Ft.  of  Grate  per  Hr.  ^evelop    Ollly    80    per    Cent,    of    this    figure,    Or    1     in.,    tilt 

10        15        20        25        30        35       40       45       50  ^,  „„  .      i      •  i      _l    ■  •  xi         i-    ■    j.- 

Run-of-mine— bituminous...  0.07  0.12  0.18  0  23  0.30  0.37  0  45  0.52  0.60  other  20  per  Cent,  being  lost  in  overcoming  the  frictior 

Bituminous  slack 0.09  0.14  0.23  0.30  0.40  0.48  0.57  0  65  0.75  ,  x       1      1  • 

Run-of-mine— semi-bitumin-  that  everv  actual  chimnev  possesses. 
Sem"i-bituminous slack: ; ! ! ! !  o^o  o:}6  oJI  oilo  ol?  ITz  o.ll  U^  l^  Hencc,  in  applying  the  foregoing  formula  we  shoulc 

ASfhftciS&'o'rbuckwhea.:  olt  0A3  oti  l.^  ?.!o  ' '"  ^^^^  "icreasc  bv  25  per  cent,  the  figure  representing  tlu 

.\nthracite  No.  3 buckwheat.  0.39  0.75  1 . 2o  2.00  draft  required,  SO  as  to  obtain  a  chimney  of  such  height 

To  illustrate,  assume  that  it  is  desired  to  find  the  draft  'lia^  -^  V^v  cent,  of  the  estimated  draft  may  be  lost  anc 

required  by  an  installation  of  four  400-hp.  boilers,  the  ■^^'H  leave  the  required  amount.     Or,  better  still,  we  car 

maximum  "load   on   which   is   to   be   2000   hp.;   the  fuel  <liange  the  formula  to  take  care  of  this  by  multiplying 

is  to  be  a  fair  grade  of  semi-bituminous  mine  run,  31/0  <lie  ^raff  required  by  the  factor  1.25,  making  the  formul; 

lb.  of  which  are  sufficient  to  develop  one  boiler  horsepower  read  thus : 

under   fair,   average   conditions;   the    area   of   the   grate  „ 1-^5  D 

under  each  boiler  is  88  sq.ft.     The  breeching  is  30  ft.  ~  ^.   ...,  j,/l^_l^\ 

long  and  has  one  right-angle  turn.  ''  ^      \  7'      T'  J 

The  draft  loss  for  the  breeching  will  be  j^^  aiJplymg   this  formula   to  the  draft   problem  jusi 

(30  X  0.001)   +  0.05  =  0.08  in.  of  water  illustrated;  we  must  first  ascertain  what  the  average  at 

and  assuming  0.4  m.  for  the  boilers  themselves,  the  total  „^ogpiiei.ie  pressure   (P)   is  at  the  location  of  the  plant 

draft  loss  from  furnace  to  stadv  will  be  ^^  ^^  ^^^^  ^^^  j^^.^l^  ^l^j^  pressure  may  be  taken  as  14.'; 

0.4  +   0.08  —  0.48  in.  ^^  -^^^  ^^^  ^^^^^  ^j^g  altitude  is  considerable,  as 

As  2000  hp.  are  to  be  developed  requiring  the  com-  ^^^^  instance,  at  Denver,  which  is  at  an  elevation  of  ovei 

bustion  of  31/0  lb.  of  coal  per  boiler  horsepower  per  hour.  .  ^^^  ^^    ^1^^^.^  ^j^^  ^^^^  ^  ^^^^^^  ^„^^^^  ^l^^^j^l  be  taken 

the  total  coal  to  be  burned  pei-  hour  etpials  ^^  Denv^v,  12.5  lb.  per  sq.in.  would  be  proper. 

2000  X  3.5  —  700(1  II,.  ^^  ^^^^^  ^j^^  ascertain  what  the  average  atmospheri( 

As  the  total  gi-^^e  are^  ^       __^  temperature  is  at  the  place  where  the  plant  is  locatet 

.       .        ,  ,  7'  ■^'i-ft->  .„^jI   estimate   what   the   temperature   of   the    flue   gases 

the  pounds  of  coal   burned  i.er  square  toot  ot  grate  per  ^^^.^^^,^5^,  ^.jU  ,,g_     ^he  last-mentioned  factor  will  depenc 

"'  "'"  '"''  ^  upon  tiic   design    of  the  boiler,   arrangement   of  baffles 

'^'^'^'*  ^  ]^9_g  cleanliness  of  the  heat-absorbing  surfaces,  rate  of  com- 

<552  bustion,  and,  somewhat,  upon  the  efficiency  of  comhus- 

By  referring  to  Table  1   it  will  be  found  that  0.23  in.  tion.      On   an    average   the   flue-gas   temperature   ranges 

lof  draft  is  required  for  the  combustion  of   run-of-mine  between  450  and  600  deg. 
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In  uuv  present  example,  assume  tliat  the  atmosplierie 
pressure  is  11.7  lb.  per  sq.iu.,  the  atmospheric  tempera- 
ture is  70  deg.  F.,  and  the  temperature  of  the  flue  gases 
500  deg.  F.  The  corresponding  aljsoliite  temperatures 
ai'e  530  and  960  deg.,  respectively. 

Substituting  in  the  formula,  then,  we  find  the  height 
of  chimney  recpiircil  lo  dcM'hip  an  avaihiliK'  ili-aft  of  0.71 
in.  is 

1.25  X  0.71  0.8875 


0.53  X  U. 


(i44 


430 

508, 8(10 


1    _    1 

530         '.HiO 

=   137.38  yy. 
or,  in   round   numhei-s,    1  10    ft.   al)o\c  the   grates. 
Dl.-VMETEK  OK  t'lllMXKY 

Having  determined  the  proper  height  of  chimney  for  a 
given  set  of  conditions  it  is  ne.x't  necessary  to  estinuite  the 
required  free  cross-sectional  area.  For  this  the  following 
formula  mav  he  useil  : 

E=  ^'_ 

10. ()5    V  // 

where 

E  =  Cross-sectional  area  of  the  chimney  in  square  feet ; 

F  =  Pounds  of  fuel  to  be  burned  per  hour ; 

//  =  Height  of  chimney  above  the  grates  in  feet. 
Applying  this  formula  to  our  example,  we  have 

7000  7000  .,.  ^        ., 

E  = — — -  =  =  0.3.5  sq.ft. 

16.05    V  UO       16.65  X  11.83 

The  iliauieter  of  a  chimney  of  this  area  wouhl   be  about 

6  ft.  9  in. 

Chimneys  are  usually  built  circular  because  this  form 

is  cheaper,  more  stable  and  more  efficient  than  any  other. 

It   is   cheaper    because    less   material    is   required    for    a 

chimney    of    a    given    cross-sectional    area;    more    stable 

because   the   curved   surface   of   a    round   chimney   offers 

less  resistance  to  the  wind   than   the   flat   surface   of   a 

square  or  other  polygonal    (nuuiy-sided)    chimney;  also, 

because  structurally  the  circular  section   is  stronger.     A 

circular  chimney  is  more  efficient  because  the  resistance 

to  the  flow  of  the  gases  is  less  per  unit  of  sectional  area 

and    the   amount   of   exposed   surface   is   less   than   with 

any  other  shape  due  to  the  fact  that  the  I'ircumfereiice 

of  a  circle  is  shorter  than  the  perimeter  of  a  s(iuare  or 

polygon. 

I'uAcrirr;  I'lioi'.Lioii 

By  way  of  exercise,  those  who  are  interested  may  work 
out  the  dimensions  of  a  chimney  for  the  following  con- 
ditions: Eight  5(H)-hp.  boilers,  with  grates  83  sq.ft.  in 
area,  to  be  fired  with  bituminous  slack,  the  combustion 
of  4  lb.  of  which  is  required  per  boiler  horsepower-hour. 
At  times  the  boilers  will  ])e  overloaded  25  per  cent.  The 
breeching  is  50  ft.  long  from  the  chimney  to  the  nearest 
boiler  and  has  two  right-angle  turns  in  it.  The  plant 
is  locateil  about  2000  ft.  above  sea  level,  w'liere  the  aver- 
age atmospheric  pressure  is  13.57  lb.  ]ici-  sq.  in.  The 
temperature  of  the  outside  air  will  average  60  deg.  F. 
and  that  of  the  flue  gases  550. 


Superheaters  are  to  be  applied  to  all  tho  locomotives  on 
the  New  York,  New  Haven  &  Hartford  R.U.  The  estimated 
expenditure  is  nearly  $1,000,000,  and  the  locomotives  will  be 
equipped  at  the  rate  of  five  per  month.  The  work  will  be 
done  at  the  Readville,  Mass.,  shop,  and  about  350  locomotives 
in   all  ■will   be  altered. 


OVER   THE   SPILLWAY 

JUST      JESTS,     JABS,     JOSHES      .\ND     JUMBLES 


Concluding-  that  a  hermetically  sealed  package  contained 
a  liquid  explosive,  a  weisenheimer  put  the  package  in  a  pail 
of  water.  We'd  like  to  know  just  what  action  water  has  on 
a   hermetically   sealed   package. 

Editor  the  Spillway: 

In  a  recent  issue  there's  an  article.  "Heating  Engineers 
Meet  at  Buffalo."  This  makes  me  nut.  Why  single  out  Buf- 
falo engineers  when  they  are  heating  engineers'  meat  in 
every   city   in    the   U.    S.? 

Chicago,   111.  R.   c.   SMITH. 

Look'y  here.  Mister  Smith,  you're  trying  to  kid  us.  Its 
all  very  well  to  heat  the  meat  if  you  don't  have  to  meet  the 
heat — of  a  Chicago  summer.  Anyhow,  buffalo  meat  is  a 
luxury  these  high-living  days,  and  once  a  year  is  none  too 
often. 

Secretary  Daniels  of  the  Navy  would  give  every  enlisted 
sailor  a  chance  to  learn  a  trade;  "make  Jack  a  useful  citizen 
when  he  retires."  The  same  thing  is  advised  for  Tommy  in 
the  Army.  When  Henry,  in  the  power  plant  i-etires —  Oh. 
well,  we  had  a  suggestion  for  Henry,  but  he  dont  retire  so's 
you  can  notice  it;   he  has  to  keep  on  going. 

The  new  steamer  "Tyler,"  remarks  the  "New  York  Times." 
has  "one  triple-expansion  engine,  with  c.vlinders  1974,  33^4, 
58   in.   diameter  by   42-ft.   stroke."    Some   stroke! 


A  Western  farmer  has  an  artesian  well  from  which  he 
gets  sufficient  power  to  electrically  light  his  house  and  barns 
and  operate  some  small  machinery.  In  most  of  those  wells 
we  call  artesian  in  the  Bast  the  "water  has  to  be  coaxed  up 
to  the  surface,  and  the  internal  force   wouldn't    light  a  match. 

Ever  smoke  an  Igorot  cigar?  Well,  these  Igorots.  in  the 
Philippine  Islands,  make  a  cigar  that  in  one  respect  is  like 
the  old-time  Christmas  plum  pudding — it  lasts  a  week.  It's 
15  in.  long  and  3  to  5  in.  thick.  Old  man  Ig.  rolls  the  cig. 
and  smokes  it  an  hour;  then  Missis  Ig.  and  all  the  little 
Igs.  take  their  turns.  By  about  the  fourth  day  it  must  need 
a  cuspidor  attachment  to  keep  it  in  operation.  One  smoke 
like   this   would   last   some   people   a   lifetime. 

COME    WITH    VS.    .VI.KXAXDKli: 

Are  you  going  to  the  Springtield  N.  A.  S.  E.  convention  on 
Sept.  8?  This  question  should  be  agitating  your  mind.  Alec, 
this  present  moment. 

If  you  can't  go,  that  lets  you  out  right  here  and  now.  If 
you  are  just  doggone  indifferent  or  haven't  made  up  your 
mind  either  way,  you  listen  to  your  Uncle  Bill! 

You've  probably  stuck  around  the  plant  335  days  this  year: 
you've  gone  stale,  and  peeved,  and  grouchy.  The  kids  get 
on  your  nerves  when  you  come  home  nights;  the  insurance 
premiums  are  pestering  you;  your  grocer  is  sure  cheating 
you  out  of  your  eye-teeth;  the  butcher  is  buying  a  new  buz 
wagon  on  your  money — mebbe  the  washlady  has  a  new  bicycu^ 
because   she   put   a  few   over   on    you,    or — 

Say,  Alec,  you  go  easy  with  the  whip,  this  is  a  hired  rig. 
All  you  need  is  a  rest-up  and  a  ride  in  the  cars  to  Spring- 
field. Come  across  with  yourself.  When,  at  the  supper  table 
tonight,  you've  finished  your  second  helping  of  corned  beef 
and    cabbage,    you    up   and    tell    your    Ethel — 

"Old  girl,  you  corral  a  few  of  your  best  duds,  lay  out  my 
funeral  pants,  my  Sunday  shirt  and  those  blue  silk  socks,  dig 
up  a  couple  of  suitcases.  You  and  I  are  going  to  the  con- 
vention! N-e-v-e-r  m-i-n-d,  now!  .Aunt  Hannah  will  come 
over  and  mind  the  kids.  You-and-I-are-going-to-Springfield. 
Get    me,    Ethel'.'" 

Then,  for  the  loveofmike.  stick!  If  you  can't  see  your  way 
to  stop  at  the  Walledoff-Castoria,  go  stop  with  grandma 
Spriggins — or   even    with    Ethel's   mother.      But   go! 

Honest,  Alec,  you  can't  count  in  dollars  and  cents  the  good 
it  will  do  you — and  Ethel.  ,\unt  Hannah  may  not  be  any  too 
tickled,  but  the  kids  will  be  glad  to  get  rid  of  you.  And 
they'll  love  you  all  the  more  on  your  return  wit1i  a  sunny 
smile    instead    of    the    old    grouch. 

Come  with  us,  old  man.  It's  all  aboard  for  Springfield,  and 
everybody's  doing  it.      You  do  it — now! 
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Application  for  New  Jersey  License      A  Comparison  of  Piston-Rod  Packing 


The  time  in  which  the  engineers  and  firemen  of  New 
Jersey  have  to  make  application  for  a  license  without 
being  examined  is  growing  very  short,  for  to  enjoy  this 
privilege,  one's  application  must  be  in  the  hands  of  the 
Secretary  of  Labor,  Trenton,  N.  J.,  on  or  before  Sept.  4. 

The  accompanying  api)lication  blank  shows  the  in- 
l(ii-mation  which  the  law  states-  must  be  forwarded  to 
the  Secretary  of  Labor  when  making  ap])lication  for 
license. 

The  form  was  drawn  up  and  prepared  by  A.  L.  Case, 
chairman  of  the  New  Jersey  License  Law  Committee  of 


STATE   OF   NEW    JERSEY  APPLICATION      NO.  DEPARTMENT   OF 

BUREAU    OF    ENGINEERS  AND   BOILER  OPPERATORS  LICENSE 
APPLICATION    FOR  LICENSE 
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and, 

^ho  request  that  a  proper  licet 

ise  be  issued  to  him 

the  X.  \.  S.  E.,  and  was  distributed  by  him  to  X.  A.  S.  E. 
associations  for  the  convenience  of  the  members.  Bear 
111  mind  that  if  your  application  for  an  engineer's  or  fire- 
man's license  is  not  received  by  the  Secretary  of  Labor 
by  Sept.  4  j-ou  must  stand  examination.  Space  at  the 
bottom  of  the  blank  is  provided  for  the  signature  of  em- 
ployers as  required  by  the  law. 


Melms  and  Pfenniger  arc  making  a  2.500-kw.  turbine, 
which  they  guarantee  to  run  on  11  lb.  of  steam  per  kw.-hr. 
with  an  initial  pressure  of  14  atmospheres,  250  deg.  F. 
Miperheat  and  28  in.  vacuum.  The  blading  section  is  only 
about  three  feet  long  and  consists  of  two  velocity  stages 
(Curtis)  and  a  number  of  Zoelly  pressure  stages.  It  is 
single  flow  with  a  single  dummy  piston  of  sufficient  diam- 
eter to  l)alance  the  entire  end  thrust. 


By  W.  K.  Sandeks 

SYA^OPSIS — .4  brief  dc^crijilidn  of  various  kinds  of  pis- 
ton-rod jtackiiigs,  and  their  adaidaJbility  for  the  service. 
A  comparison  is  made  regarding  the  cost  and  wearing 
qualities  of  the  several  hinds. 

Every  engineer  or  superintendent  is  vitally  interested 
in  minimizing  the  power-plant  operating  expenses.  This 
is  his  chief  problem  and  one  that  is  never  solved  satisfac- 
torily because  there  are  alwaj's  opportunities  arising  for 
producing  economy  that  have  been  overlooked. 

When  it  comes  to  supplies  that  are  used  up  and  re- 
newed, such  as  coal,  water  softeners,  oil,  grease,  packing, 
etc.,  the  problem  becomes  complex  and  admits  of  no  very 
exact  or  definite  answer.  The  packing  problem  is  such 
that  it  is  impossible  to  obtain  a  solution  that  will  be  ap- 
j/licable  to  every  installation,  since  the  conditions  are  not 
the  same  in  any  tw'o  plants. 

A  near-sighted  purchaser  only  sees  the  price  per  pound 
and  the  expense  sheet  is  a  month-to-mouth  affair.  The 
far-sighted  purchaser  pays  little  heed  to  the  initial  cost, 
but  looks  at  the  operating  expense  figured  over  a  lapse  of 
six  months,  or  a  year  or  j-ears,  and  sees  a  relation  be- 
tween his  expense  for  oil,  grease  or  packing  and  the  items 
for  coal  and  repairs.  Looking  at  the  pound  price  only, 
the  answer  is  simple — buy  the  cheapest  and  forget  over- 
time work,  repairs  and  increased  loss  of  work  due  tc 
increased  friction,  which  loss  shows  decidedly  in  the 
amount  of  fuel  used. 

The  far-sighted  buyer  chooses  a  packing  that  works 
with  the  least  possible  friction,  thus  reducing  to  a  mini- 
mum the  friction  loss  and  unnecessary  consumption  oi 
steam  or  coal.  He  will  consult  with  his  engineer  in  mak- 
ing his  choice  of  packing  and  see  to  it  that  he  knows  th( 
proper  way  to  use  that  kind  of  packing  and  not  abuse  it 
Packings  need  constant  lubrication  to  prevent  burning 
and  that  should  be  insisted  upon. 

Having  chosen  the  kind  of  packing,  it  remains  to  picl 
out  the  brand.  This  requires  an  analysis  or  tearing 
apart  oE  the  packing  to  determine  the  quality  of  the  ma 
terial  as  well  as  the  workmanship;  the  best  material  anc 
best  workmanship  will  be  the  most  economical  in  the  end 
A  number  of  different  brands  may  all  hold  back  stean 
equally  well,  but  some  one  will  last  the  longest  and  tha 
one,  conditions  being  the  same,  will  be  the  best  to  iise. 

Having  purchased  a  particular  brand  of  packing,  it  i 
well  to  start  a  record  for  each  engine,  at  once,  showiiij 
the  hours  run  and  the  cost  of  packing  for  that  machine 
A  good  plan  is  to  reserve  some  small  duplex  pump  as  i 
test  machine,  and  test  any  new  brand  of  packing  on  thi 
machine  before  buying  for  stock.  It  is  thus  possible  ti 
eliminate  poor  packings  at  a  very  small  expense. 

In  the  instance  of  some  rod  packing,  the  pressure  oi 
the  rod  is  produced  by  pressure  from  a  gland,  and  is  de 
pendent  upon  the  judgment  of  the  operator.  Often  ex 
cessive  pressure  is  applied  and  unnecessary  friction  i 
produced. 

iloisture-expanding  packings  are  generally  compo.'iei 
of  flax,  either  alone  or  in  combination  with  duck.  The 
are  open  to  the  same  objection  as  gland-pressure  pack 
ings,  although,  if  properly  used,  the  probability  of  es 
cessive  pressui'e  is  greatly  reduced. 
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Heat-cxpaiiding  ]Juekiiijis.,aro  conipuscd  ul'  rubber  and 
(luck.  A  good  type  t'oiitaiHs  rubber  whicli  acts  as  a 
cushion  Jii  the  back  of  the  packing.  When  cold  the  pack- 
ing will  leak;  when  hot  it  will  have  expanded  and  only 
a  gentle  pressure  is  produced  on  the  rod.  To  get  an  ex- 
cessive pressure  on  the  rod,  the  packing  must  be  com- 
pressed by  the  gland,  which  is  positively  wrong.  It  is 
superior  to  the  preceding  kinds  of  packing,  but  is  really 
successful  only  on  steam  or  when  used  in  hot  stuffing- 
boxes. 

Automatic  packings  are  ordinarily  known  as  "diag- 
onals." The  pressure  on  the  rod  is  caused  by  the  pres- 
sure within  the  cylinder  and  varies  with  it;  consequently, 
only  the  necessary  pressure  on  the  rod  is  produced  and 
all  the  excessive  pressure  is  eliminated.  It  is  a  very  eco- 
nomical nonmetallic  packing,  from  the  standpoint  of 
steam  economy. 

Soft  metallic  packing,  which  is  a  soft,  babbitt-like 
metal,  put  iip  in  various  forms,  will  work  well  under  good 
conditions  of  rod  alignment,  but,  when  once  set,  is  hard 
and  has  no  resiliency  to  adjust  itself  to  faulty  align- 
ment, thus  an  elliptical  liole  is  worn  from  which  steam 
will  escape.  Hard-metal  packing  with  wedge-shaped  rings 
gives  good  service,  but  is  more  complicated  than  other 
hard-metal  packings  Hard-metal  packing,  with  rect- 
angular flanged  rings,  made  in  segments  and  held  to- 
gether by  garter  springs,  gives  excellent  service. 

Tests  of  packings,  used  on  a  small  vertical  engine, 
showed  a  friction  load  that  was  due  almost  entirely  to 
the  packing,  as  follows: 

Gland-pressure  packing,  about  9  per  cent,  of  the  full 
load;  heat-expanding  packing,  about  7  per  cent.,  and 
automatic  packing,  between  81/2  and  4  per  cent.  These 
results  would  probably  not  be  the  same  on  larger  units, 
but  they  show  clearly  that  the  friction  of  packing  of  the 
gland-pressure  type  is  over  twice  as  much,  and  heat-ex- 
panding packing  nearly  twice  as  much  as  that  of  auto- 
matic or  diagonal  packing  from  the  standpoint  of  steam 
economy. 

The  data  on  the  friction  of  metallic  packings  are  not 
complete  enough  to  establish  a  reliable  comparison,  but 
it  seems  that  the  friction  of  a  first-class  metallic  packing 
would  be  quite  low  and  that  it  would  rank  in  the  same 
class  as  automatic  packings  in  steam  economy. 

If  unintelligent  or  cheap  labor  is  employed  it  may  not 
be  advisable  to  use  a  high-grade  packing,  but  ordinarily 
the  best  is  the  cheapest.  Taking  automatic  packing  and 
hard-metal  packing  with  rectangular  flanged  rings  as  a 
basis  interesting  comparisons  can  be  made.  Assuming  the 
cost  of  metallic  packing  for  a  4-in.  rod  as  $40,  the  auto- 
niiilic  packing  to  fill  this  stuffing-box  once  would  cost 
alidut  $2.  But  this  particular  brand  of  soft  packing  has 
been  known  to  last  from  one  month  to  31/2  years;  this 
latter  service  is  rather  exceptional.  Taking  three  months 
as  ordinary  service,  the  soft  packing  would  cost  $8  a  year, 
and  at  the  end  of  five  years  the  metallic  packing  would 
have  paid  for  itself. 

As  metallic  jjacking  usually  lasts  much  longer,  this 
comparison  is  only  suggestive.  Each  case  must  be  figured 
out  from  its  own  records.  If  delays  for  repacking  mean 
much  loss  or  if  continuous  night-and-day  service  is  neces- 
sary, the  question  is  already  settled  in  favor  of  the  metal- 
lie  packing,  provided  that  it  be  of  the  best  type. 

It  is  as  impossible  to  say  just  how  nnich  ])acking  should 


cost  Y^^r  year  as  to  say  how  mmh  a  man  should  spend 
per  year  for  clothing;  the  service  must  be  considered  as 
well  as  the  personality  of  the  man  using  the  goods.  A 
systematic  record  for  a  year  or  two  will  give  a  basis  for 
facts,  and  a  preliminary  .study  into  the  principles  and 
construction  will  throw  light  on  the  factor  of  steam  econ- 
omy. Careful  examination  of  various  brands  will  insure 
a  good  start  and  save  time,  and  after  this  (lie  actual  rec- 
ords will  furnish  grounds  i'or  deciiling  mi  what  is  best. 

A  Stumpf  uniflow  engine  is  producing  (Uiiiil  h]).  in  a 
single  cylinder  at  the  works  of  Ehrhardt  &  SehnuM-,  at 
Sc'heibfmuhle,  near  Diisseldorf. 

Interborough    30,000-Kw.   Steam  Tur- 
bines 

An  order  has  just  been  placed  with  the  Westinghouse 
Machine  Co.,  by  the  Interborough  Rapid  Transit  Co.,  of  New 
York  City,  for  three  30,000-kw,,  horizontal,  double-flow  steam 
turbines,  the  generator  ends  of  which  will  deliver  three-phase, 
25-cycle  current.  The  high-  and  low-pressure  elements  wiU 
be    in    separate    casings. 

These  units,  with  a  total  output  of  90,060  kw.,  will  re- 
place three  of  the  5000-hp.  angle-compound  engines  now  being 
operated  in  the  59th  St.  station  and  the  three  low-pressure 
turbines  operating  on  the  e-xhaust  steam  from  these  engines. 
The  combined  90,000-kw.  turbine  units  will  be  accommodated 
within  the  space  now  occupied  by  the  old  engines. 

No  additions  will  be  made  to  the  boiler  equipment,  other 
than  that  the  present  boilers  will  be  equipped  with  greater 
stoker  capacity  than  hitherto  to  enable  the  boiler  to  produce 
the  additional  steam  required  by  the  larger  generating  units. 


Universal  Craftsmen's  Meeting 

The  tenth  annual  convention  of  the  Universal  Craftsmen. 
Council  of  Engineers,  was  held  at  Boston,  >Tass..  Aug.  5  to  8. 
The  headquarters  were  at  the  Hotel  Brunswick,  and  the  sev- 
eral sessions  of  the  delegates  were  held  in  the  large  banquet 
hall.  There  were  about  ISO  delegates  in  attendance,  and  the 
business  of  the  convention  was  conducted  with  harmony  and 
dispatch. 

The  opening  exercises  took  place  at  11  o'clock  on  Tuesday 
morning,  with  George  W.  Knowlton  in  the  chair.  After  the 
invocation  by  P.  H.  Early,  grand  chaplain,  the  address  of  wel- 
come was  made  by  Mayor  John  F.  Fitzgerald,  James  U. 
Bunce,  responding  for  the  engineers.  Interesting  speeches 
were  also  made  by  William  K.  Campbell,  president,  Boston 
Engineers'  Blue  Room  Club:  Walter  S.  Cadwell,  past  worthy 
chief;  Bradford  L.  Ames,  president  New  England  Association 
of  Commercial  Engineers,  and  Henry  C.  Senn,  deputy  grand 
chief. 

At  the  close  of  the  speeches  the  convention  went  into  exec- 
utive session,  and  after  the  various  committees  were  ap- 
pointed, an  adjournment  was  taken  until  Wednesday  morning 
at  9:30. 

There  was  a  varied  program  of  entertainment,  including 
auto  trips  through  the  shopping  districts  and  park  system, 
and   other  sight-seeing  journeys. 

On  Tuesday  evening  the  convention  enjoyed  a  steamboat 
excursion  to  Nantasket  Beach,  the  guests  of  the  New  Eng- 
land   Association    of    Commercial    Engineers. 

On  Wednesday  afternoon.  Everett  C.  Benton,  grand  master 
of  Masons  of  Massachusetts,  received  the  delegates  and 
friends    at   the    Masonic   Temple. 

On  Wednesday  evening  the  delegates  and  visitors  were  th.' 
guests  of  the  Engineers'  Blue  Room  Club,  of  Boston,  on  a  trip, 
to  Revere   Beach. 

The  principal  feature  of  enjoyment  was  the  reunion  and 
entertainment  on  Thursday  evening  in  the  banquet  hall  of  the 
hotel.  A  most  enjoyable  program  of  music,  song  and  recital 
was  given.  Besides  the  local  talent,  Billy  Murray,  of  Jen- 
kins   Bros.,   and   Jack    Armour,    of    "Power,"    gave    numbers. 

At  the  closing  session  of  the  delegates  the  following- 
grand  officers  were  elected:  James  U.  Bunce,  past  worthy 
chief;  Henry  C.  Senn,  worthy  chief;  William  H.  Armstrong, 
assistant  worthy  chief;  Charles  F.  Seigrist,  secretary:  Nathan 
J.  Burdick.  treasurer;  O.  N.  Pomeroy.  historian;  H.  E.  Terry, 
warden:    Frank    M.    Townsend.    guard:    T'.    H.    Early,    chaplain; 
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Samuel  J.  Hunt,  chairman  board  trustees;  George  C.  Adwers 
and  John  MacMorran,  trustees. 

Cleveland,  Ohio,  was  chosen  as  the  place  fur  the  1914 
convention. 

A  fitting  conclusion  to  the  convention  was  the  formation 
of  a  new  council  in   Boston   on  Saturday  night. 

Canadian  Engineers'  Convention 

The  24th  annual  convention  of  the  Canadian  Association 
of  Stationary  Engineers  was  held  at  Owen  Sound,  Canada. 
July  29,  30  and  31.  The  several  sessions  of  the  delegates 
were  held  in  McLinden  Hall,  the  lower  floor  of  which  was 
arranged  and  decorated  for  the  use  of  the  exhibitors'  asso- 
ciation of  the  C.  A.  S.  E.  for  their  mechanical  display.  There 
was  a  good  attendance  of  delegates  and  visitors,  and  the 
reading  of  the  reports  of  the  committees  showed  the  organ- 
ization to  be  in  a  sound  condition. 

The  opening  exercises  took  place  on  Tuesday  morning. 
Executive  President  J.  A.  Robertson  introduced  Mayor  Elias 
Lemon,  of  Owen  Sound,  who  welcomed  the  convention  to  the 
city.  August  Kastalla  responded  for  the  engineers  and 
James  E.  Fiddes  for  the  exhibitors.  The  delegates  then  went 
into  executive  session. 


There  was  an  enjoyable  entertainment.  On  Tuesday  even 
ing  the  local  lodge  gave  a  banquet  at  which  covers  were  lait 
for  about  200  ladies  and  their  escorts.  After  the  dinner  wa 
served  Toastmaster  Fred  Harrison  introduced  the  followinj 
gentlemen,  who  made  interesting  and  enjoyable  addresses 
Mayor  Lemon,  W.  A.  Crockett,  W.  S.  Middlebro,  M.  P.,  C.  S 
Cameron,  M.  P.,  John  Parker,  James  E.  Keenan,  W.  E.  Hoovey 
"Dad"  Wickens  and  James  Rutherford.  During  the  evenins 
the  following  entertainers  appeared:  The  Leslie  trio,  Harr; 
Brown,  V,'.  S.  Mann,  .Tohn  and  Nellie  McKeen,  Horace  Merry 
Simms  Brothers,  J.  E.  Fiddes,  E.  F.  Heatherington  and  Johi 
W.   Armour. 

On  Wednesday  afternoon  an  excursion  by  steamer  wa 
made  to  Kings  Royal  Park,  where  outdoor  sports  of  all  kind 
were  indulged  in.  There  were  prizes  for  the  winners  of  eacl 
event.  The  baseball  game  between  the  Manufacturers  an( 
Engineers  resulted  in  a  victory  for  the  latter  by  a  score  o 
S  to  7.  At  the  conclusion  of  the  games  dinner  was  served  a 
the  King's  Royal  Hotel,  and  after  a  short  entertainment 
dancing  was  enjoyed.  There  were  also  automobile  trip; 
about  the  city  for  the  ladies. 

At  the  closing  session  the  following  executive  officer; 
were  elected:  James  A.  Robertson,  past  president;  Samuel  E 
Cosford,  president;  A.  W.  Heath,  vice-president;  August  Kas 
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talla,    secretary;     W.     E.     Archer,     treasurer;     J.     Dyson,     con- 
ductor;   W.    E.   Hovey,    doorkeeper. 

The  following  officers  were  elected  by  the  Exhibitors'  As- 
sociation: Ernest  A.  Wilkinson,  president;  A.  C.  Pulver,  first 
vice-president;  Eoswell  M.  Walthall,  second  vice-president; 
B.  G.  Newton,  treasurer;  Gordon  C.  Keith,  secretary;  James 
N.  Charles,  assistant  secretary;  Earl  F.  Heatherington,  chair- 
man of  executive  committee;  C.  P.  Archibald,  chairman  of 
entertainment  committee;  Carl  N.  Schrag,  chairman  of  re- 
ception  committee. 

A    silver-mounted    casserole    was    presented    to    Joseph    Mc- 
T.inden,    and    Ernest    Hovey    received    an    umbrella. 
THE    EXHIBITORS 

The    Lunkenheimer    Co.  Peerless    Rubber    Manufactur- 
Canadian    Morehead    Manufac-         ing    Co. 

turing    Co.  Canadian  Pairbanks-Morse  Co. 

Standard      Sanitary     Manufac-  Dearborn   Chemical    Co. 

turing    Co.  E.   Leonard    &   Sons. 

Dart    Union    Co.  Garlock  Packing  Co. 

T.  McAvity  &   Sons.  Ontario  Lantern  &  Lamp  Co. 

Canadian    Allis-Chalmers   Co.  Quaker    Citv    Rubber   Co. 

Canadian     H.     W.     Johns-Man-  Goldie   ,<■  ^M.PiiIb.ih   Co. 

ville  Co.  James  M.inisMn  Brass  Manii- 
Hugh    C.    MacLean    Publishing         factuiiiit;    r.. 

Co.  "Canafli;!!!     Jl;i  inifacturer." 

Perolin    Co.  "The    Power    House." 

Turner   &    Tupper.  "Power." 

Ottawa,  Ont..  was  chosen  as  the  next  place  of  meeting  in 
July,    1S14. 


NEW 

PUBLICATIONS 

LOGARITHMS  FOR  BEGINNERS.  By  C.  N.  Pickworth.  Pub- 
lished in  America  bv  D.  Van  Nostrand  Co.,  New  York, 
1913.  Fourth  edition.  Cloth,  49  pages;  7Vix5  in.  Pour 
tables.      Price,    50c. 

The  purpose  of  this  book  is  to  put  before  readers  a  treat- 
ise on  logarithms  in  a  style  easily  comprehended  by  the  aver- 
age student.  As  the  title  indicates  the  book  is  primarily  for 
beginnei's. 

The  explanations  of  negative  quantities  and  the  arith- 
metical complement  are  excellent.  The  reader  gets  a  brief 
but  forcible  account  of  the  purpose  and  use  of  exponents,  in- 
dices, and  of  what  a  reciprocal  of  a  number  is.  To  beginners 
these  terms  are  perplexing  and  too  many  writers  of  textbooks 
fail  to  be  elementary  enough  .in  their  descriptions  of  them. 
Mr.   Pickworth   has  avoided  this  offense. 

A  short  talkie  of  four  figures  of  common  logarithms  is  given 
so  the  student  may  practice  in  the  use  of  such  tables.  A  table 
of  hvDerbolic  logarithms  is  also  included. 

Altogether  the  book  gives  a  more  practical  treatment  of 
logarithms    than   is    found    in    most   m".thcmatical  textbooks. 

EVOLUTION     OP     THE     INTERNAL-COMBUSTION     ENGINE. 
By    Edward    Butler.      Published    by    Charles    Griffln    &   Co., 
Ltd.,    London,    and    by    J.    B.    Lippincott    Co.,    Philadelphia. 
Cloth;    237   pages,   6x9   in.,    illustrated.      Price,    $3,    net. 
This  is   not    a   historical   sketch   of   the   internal-comljustion 
en.gine.  as  might  be  inferi'ed  from  the  title,  but  instead,  treats 
of    the    more    important    problems    of    design    as    met    in    the 
modern   oil  and  gas  engine.      Chapters  are  devoted  to  the  fol- 
lowing   divisions    of    the    subject:    Four-stroke-cycle    engines, 
scavenging,     two-stroke-cycle     engines,     compound     explosion 
engines,    thermodynamic     considerations,     internal-combustion 
turbines,    admission    and    exhaust    valves,    methods   of   govern- 
ing,  carburetion,   cooling   and   lubrication. 

Large  gas  and  oil  engines  are  discussed  to  some  length 
both  from  an  economic  and  a  constructive  point  of  view. 
Special  types  of  small  motors  such  as  the  sliding  sleeve  and 
revolving-cylinder    types   are    also    taken    up. 

Nearly  two  hundred  illustrations  are  included,  and  these 
are  well  chosen,  but  in  point  of  criticism,  it  may  be  added 
that  the  drawings  are  vei-y  poorly   executed. 

The  book  is  not  an  elementary  treatment  of  the  subject, 
but  is  intended  for  those  already  familiar  with  the  principles 
of  gas  and  oil  engines.  As  such  it  serves  a  useful  purpose  in 
setting  forth  many  of  the  problems  of  design  and  the  ways  in 
which    they   have   been   met    hy   previous    designers. 

SAFETY  METHODS  FOR  PREVENTING  OCCUPATIONAL 
AND  OTHER  ACCIDENTS  .\ND  DISE.^SE.  Bv  William 
H.  Tolman,  Ph.  D,.  Direct.. r  of  the  -\merican  Museum  of 
Safety,  and  Leonard  P..  Kendall.  Published  bv  Harper 
&  Bros.,  New  York,  1913.  Size  Si^xSi^;  422  pages;  cloth. 
Price   $3. 

The  question  of  safety  is  taken  up  from  both  a  social 
and  an  economic  standpoint  and  it  is  estimated  that  the 
annual  loss  in  this  country  alone  through  industrial  acci- 
dents amounts  to  approximately  $250,000,000.  half  of  which  is 
preventable  in  the  opinion  of  those  who  have  given  the  sub- 
ject careful  study.  It  is  also  shown  that  the  average  com- 
pensation is  $400  of  which  the  plaintiffs  lawyer  usually  re- 
ceives   half. 


A  brief  review  is  given  of  how  the  problem  is  handled  in 
Germany.  Every  German  employer  belongs  to  the  trade 
association  of  his  business  and  he  pays  into  this  association  a 
premium  to  insure  his  workmen's  safety,  the  amount  being 
determined  by  the  size  of  his  payroll  and  the  risk  of  his 
business.  In  the  event  of  an  accident  to  one  of  his  employees, 
an  investigation  is  made  by  his  associates  and  if  blame  at- 
taches to  the   employer  he  is  heavily  fined. 

The  book  takes  up  In  detail  various  classes  of  industries 
including  steelworks,  mining,  electrical  accidents,  cutting  and 
grinding  tools,  illumination,  fire  protection  and  prevention 
and  general  aids  to  safety.  Under  the  heading  "Industrial 
Hygiene"  is  shown  how  committees  on  sanitation  are  at  work, 
the  effects  of  industrial  poison,  and  the  ways  in  which  they 
may  be  prevented  or  reduced   to  a  minimum. 

The  work  of  the  Museum  of  Safety  along  the  lines  of  in- 
dustrial education  is  gone  into  fully.  A  number  of  carefully 
selected  illustrations  add  to  the  attractiveness  of  the  book 
and   forcibly  emphasize   the   arguments  laid   down  in  the   text. 

Methods  of  Analyzing  Coal  and  Coke 

Technical  paper  S  on  "Methods  of  Analyzing  Coal  and 
Coke,"  by  Frederic  M.  Stanton  and  Arno  C.  Pieldner  has 
just  been  issued  by  the  Bureau  of  Mines.  In  January,  1912, 
the  first  edition  of  this  paper  was  published,  but  due  to  a 
number  of  inquiries  for  additional  information  in  regard  to 
details  of  sampling  or  analytical  work  that  were  not  dis- 
cussed at  length  in  that  edition  and  because  the  bureau  has 
modified  and  improved  various  details  of  its  laboratory  prac- 
tice the  present  paper  was  issued.  Some  radical  changes  were 
made  in  the  text  matter,  and  several  new  illustrations  added. 
The  paper  first  takes  up  the  prelimin.iry  treatment  of  samples 
and  continues  with  the  method  of  calculating  and  recording 
analyses,  method  of  analysis,  determination  of  the  calorific 
value  of  coal,  determination  of  the  true  specific  gravity  of 
coal  and  coke  substance  and  determination  of  the  apparent 
specific  gravity.  The  subjects  are  fully  discussed  and  Illus- 
trated so  that  the  paper  should  meet  all  needs. 


Smokeless  Combustion  of  Coal  in 
Boiler  Furnaces 

The  Bureau  of  Mines  has  just  i.-^sued  Bulletin  40.  which  is 
a  reprint  of  U.  S.  Geological  Survey  Bulletin  373,  revised  by 
Henry  Kreisinger.  The  authors  of  the  original  bulletin  were 
D.  T.  Randall  and  H.  W.  Weeks.  The  Bureau  of  Mines  has 
made  extended  tests  to  determine  the  conditions  necessary  for 
the  smokeless  combustions  of  bituminous  coal  in  boiler  fui- 
naces.  In  the  investigations  of  industrial  establishments  a 
study  was  made  of  the  conditions  in  13  of  the  larger  cities 
in  Illinois,  Indiana,  Kentucky.  Maryland.  Michigan.  Missouri 
New  York.  Ohio  and  Pennsylvania,  between  400  and  500 
plants  being  inspected.  Sufficient  information  was  collected 
to  make  the  data  from  2S4  plants  of  value  for  this  report.  In 
nearly  every  city  visited  coal  was  supplied  from  points  both 
ill  and  out  of  the  state,  so  that  although  nine  states  were 
visited  the  facts  ascertained  apply  to  coal  from  a  greater 
number.  The  main  purpose  of  the  inspection  was  to  obtain  a 
better  knowledge  of  the  infiuence  of  furnace  design,  and  of 
the  conditions  under  which  combustion  takes  place,  on  the 
production  of  smoke.  The  summary  of  conclusions  as  given 
in    the    Bulletin    will  indicate    what    was   learned    by    the    tests. 

A  furnace,  well  designed  and  operated,  will  burn  many 
coals  without  smoke  up  to  a  certain  number  of  pounds  per 
hour,  the  rate  varying  with  different  coals,  depending  on  their 
chemical  composition.  If  more  than  this  amount  is  burned, 
the  efficiency  will  decrease  and  smoke  will  be  made,  owing 
to   the  lack   of  furnace    capacity   to   supply  air  and  mix   gases. 

Extremely  high  volatile  matter  in  the  coal  usually  gives 
low  efficiency.  The  highest  efficiency  was  obtained  when  the 
furnace  was  run  at  low  capacity.  When  the  furnace  was 
forced    the   efficiency   deci'eased. 

With  a  hand-fired  fuinace  the  best  results  were  obtained 
when  firing  was  done  most  frequently,  with  the  smallest 
charge. 

Small  sizes  of  coal  burned  with  less  smoke  than  large 
sizes,   but   developed   lower    capacities. 

Peat,  lignite  and  sub-bituminous  coal  burned  readily  in  the 
type  of  tile-roofed  furnace  used  and  developed  the  rated  ca- 
pacity  with   practically  no    smoke. 

Coals  that  smoked  badly  gave  efficiencies  3  to  5  pei-  cent, 
lower    thar    '.he    coals    burning    with    little    smoke. 

Briquettes  were  found  to  be  an  excellent  foi-m  for  using 
slack  coal  in  a  hand-fired  plant.  They  can  be  burned  at  a 
fairly  rapid   rate  of  combustion   with   good   efficiency  and  with 
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practically  no  smoke.  HiKh-volatile  coals  when  biiqucttea 
are  perhaps  as  valuable  as  low-volatile  coals  when  not  bri- 
quetted. 

A  comparison  of  tests  on  the  same  coal  washed  and  un- 
washed showed  that  under  the  same  conditions  the  washed 
coal  burned  much  more  rapidly  than  the  raw  coal,  thus  devel- 
oping- high  rated  capacities.  In  the  average  hand-nred  fur- 
nace washed  coal  burns  with  lower  efficiency  and  makes  moru 
smoke  than  raw  coal.  However,  washed  coal  offers  a  means 
of  running-  at  high  capacity,  with  good  efficiency,  in  a  well 
designed    furnace. 

Forced  draft  did  not  burn  coal  any  more  efficiently  than 
natural  draft.  It  supplied  enough  air  for  high  rates  of  com- 
bustion, but  as  the  capacity  of  the  boiler  increased  the  effici- 
ency decreased  and  the  percentage  of  black  smoke  increased. 

Most  coals  that  do  not  clinker  excessively  can  be  burned 
with  1  to  5  per  cent,  greater  efficiency  and  with  a  smaller 
percentage  of  black  smoke  on  a  rocking  grate  than  on  a  nat 
grate.  .    .   », 

Air  admitted  freely  at  firing  and  for  a  short  period  there- 
after   increases    efficiency    and    reduces    smoke. 

As  the  CO  in  the  flue  gas  increases,  the  black  smoke  in- 
creases; the  percentage  of  CO  in  the  flue  gas  is  therefore,  in 
general,  a  good  guide  to  efficient  operation.  However,  owing 
to  the  difficulty  of  determining  this  factor,  combustion  cannot 
be    regulated    by    it. 

Very  complete  data  are  tabulated  in  the  bulletin,  and  a 
number  of  types  of  furnace  and  methods  of  baffling  are  il- 
lustrated. A  chapter  on  "Central  Heating  Plants"  is  also  in- 
cluded. 
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SOCIETY    NOTES 


The  annual  outing  and  clambake  of  No.  7,  N.  A.  &.  E..  of 
New  York  at  Douglaston,  L.  I.,  on  Sunday  Aug.  3,  was  the 
largest  in  the  history  of  the  association.  About  300  ladies 
and   gentlemen   enjoyed   the   dinner. 

On  Sunday,  Aug.  10,  Stevenson  Association  No.  44.  N.  A. 
S  E  of  New  Tork,  held  its  outing  at  Grant  City,  S.  I.  There 
was  the  usual  large  attendance.  There  were  outdoor  sports 
of  all  kinds,  and  dancing  concluded  the  day's  fun. 

Tke  18th  anniversary  reunion  and  field  day  of  Pawtucket 
\ssociation  No.  2  of  the  National  Association  of  Stationary 
Engineers,  was  held  at  Palace  Gardens  on  Narragansett  Bay. 
R  I  on  Sunday,  July  27.  Fully  400  were  in  attendance  and 
a  most  enjoyable  day  was  spent.  After  the  clambake  the 
company  adjourned  to  the  pavilion,  where  the  "Bunch'  gave 
an  entertainment.  The  feature  of  the  day  was  the  baseball 
game  between  the  Pawtucket  boys  and  the  "Bunch.'  the 
latter  winning  by  a  small  margin  after  a  most  exciting 
game. 


C.  C.  Witt,  for  two  years  engineer  with  the  Kansas  Public 
Utilities  Commission,  has  resigned  to  accept  service  under 
the  Interstate  Commerce  Commission.  T.  J.  Strickler  suc- 
ceeded Mr.   Witt  as  engineer  with  the  Kansas  Commission. 

J.  F.  Mallory,  formerly  with  the  Taylor  Stoker  Co..  is  now 
connected  with  the  B.  F.  Sturtevant  Co.  at  the  New  Tork 
office.  50  Church  St.,  makers  and  selling  agents  of  the  Riley 
self-dumping  underfeed  stoker  for  the  Sanford  Riley  Stoker 
Co.,    Worcester.    Mass. 


OBITUARY 


Eugene  O.  Reuleaux  died  suddenjy  of  heart  failure  at  In- 
dianapolis.   Ind..    Aug.    6,    1913. 

He  studied  mechanical  engineering  in  Berlin  under  his 
father,  Prof.  F.  Reuleaux,  author  of  "The  Constructor,"  until 
about  the  age  of  16,  when  he  came  to  the  United  States,  set- 
tling in  St.   Paul. 

He  has  held  many  important  positions  with  the  Westing- 
house  Machine  Co.  and  Dodge  Manufacturing  Co..  and  a  short 
time  before  his  death  was  general  superintendent  of  the 
American  Rotary  Valve  Co.,  of  Anderson,  Ind.  He  left  a 
wife  and  two  sons. 


The  American  Engineering  Co..  Philadelphia,  Penn.,  hai 
recently  booked  orders  for  20  installations  of  Taylor  stokers 
seven   of   which   represent   repeat   orders. 

The  Averv  Scale  Co.,  North  Milwaukee,  Wis.,  has  engage< 
C.  A.  Weave'r  for  its  representative  in  the  Northwest,  witi 
headquarters  at  Room  A-1  Chamber  of  Commerce,  Minne 
apolis,  Minn. 

The  B.  F.  Sturtevant  Co.,  Hyde  Park,  Mass.,  has  arrangec 
for  a  plant  in  Gait,  Ont.,  to  handle  the  company's  business  ii 
Canada  and  also  to  export  to  England,  Australia  and  othe 
foreign  countries. 

The  Springfield  Boiler  &  Manufacturing  Co..  Springfield 
HI.,  has  purchased  the  rights,  patents,  and  good  will  of  th 
Planner  water-tube  boiler,  which  was  previously  built  by  th 
Toledo    Planner    Boiler   Co.,    of   Toledo,    Ohio. 

The  Terry  Steam  Turbine  Co..  Hartford,  Conn.,  have  ap 
pointed  Hoshall,  Simmons  &  Co.,  502  Randolph  Building,  Mem 
phis,  Tenn.,  as  their  agents  for  that  city  and  the  territory  o 
Tennessee,  Arkansas,   and   the   northern  part   of  Mississippi. 

The  Yarnall-'R'aring  Co.,  Chestnut  Hill,  Philadelphia,  Penn 
is  sending  out  free  a  verv  attractive  cardboard  model  of  th 
Simplex  seatless  blow-off  valve.  This  model  gives  an  ex 
cellent  idea  not  only  of  the  construction,  but  also  of  th 
operation.  The  company  will  be  glad  to  send  one  of  thes 
models   to  any    "Power"    reader    on    request. 

Contrary  to  prevailing  opinions  on  conditions  throughou 
the  countrv.  some  manufacturers  are  almost  overwhelms 
with  business.  The  Terry  Steam  Turbine  Co.,  Hartfor( 
Conn.,  has  just  started  operating  on  a  23-hour  per  day  basi: 
the  one  hour  of  idleness  being  from  six  to  seven  in  th 
morning.  It  is  found  necessary  to  do  this  in  order  to  clea 
the  shop  from  the  present  crowded  condition,  due  to  conges 
tion  of  orders  during  the  past  few  months.  June  is  reporte 
to  have  been  the  biggest  month  ever  experienced  by  th 
company. 

Owing  to  the  rapid  growth  of  the  Elliott  Co..  PittsburgI 
their  present  "works  have  been  for  some  time  entirely  inadt 
quale.  They  have  recently  purchased  the  works  of  the  Clil 
ford-Capell  Fan  Co.,  at  Jeannette,  Pennsylvania,  and  are  no' 
engaged  in  remodeling  the  buildings,  and  making  them  suil 
able  for  their  regular  line  of  business,  and  in  addition  ar 
preparing  to  construct  a  new  foundry,  300x150  ft.  The  ne' 
works  are  located  on  33  acres  of  ground  adjacent  to  Jeanett- 
and  the  buildings  already  in  place  will  represent  an  increas 
in  floor  space  of  about  2ii  acres.  They  expect  to  complet 
their  improvements  and  additions  to  their  new  works  b 
October,  after  which  at  least  their  heavier  tools  will  l 
moved  to  that  plant. 

The  Bruce-Macbeth  Engine  Co.,  Cleveland,  Ohio,  has  r< 
cently  booked  the  following  orders  for  their  vertical  mult 
cylinder  gas  engines:  Two  100-hp.  four-cylinder  engines  fc 
the  Snow  Steam  Pump  Works  for  installation  in  Louisians 
one  60-hp.  twin  cylinder  engine  for  the  American  Glove  Cc 
Dunkirk,  N.  Y.;  one  150-hp.  engine  for  the  Interstate  Cotto 
Oil  Refining  Co.,  Sherman,  Tex.  Among  recent  shipmeni 
were  one  150-hp.  engine  for  the  Fry  Glass  Co.,  Rocheste 
Penn.:  one  150-hp.  for  John  Eichlay,  Jr..  Pittsburgh,  Penr 
and  one  350-hp.  for  the  Sydenham  Glass  Co.,  of  Canada. 

The   growth   of  the   business   of  the   Coppus   Engineering 
Equipment   Co.,   Worcester.    Mass..    nas   compelled   the    removi 
to  new  and  larger  shops  at  166  Union  St. 

Manning,  Maxwell  &  Moore,  Inc.,  of  New  York  City,  t< 
gether  with  their  subsidiary  companies,  will  move  their  gei 
eral  offices  on  or  about  Oct.  1,  from  85-S9  Liberty  St.,  to  tl 
new  Lewisohn  Building.  113-119  West  40th  St.  (near  Broa< 
way.  and  running  through  to  114-llS  West  41st  St.)  Th 
change  is  being  made  to  meet  for  a  more  convenient  ar 
central  location,  as  well  as  larger  space  to  handle  materi: 
increases  in  their  various  lines,  which  cover  electric  trave 
ing  cranes,  machine  tools,  engineering  specialties,  railwa 
machinists',  engineers',  factory  and  contractors'  supplies, 
large  portion  of  this  product  is  manufactured  by  their  coi 
stituent  companies:  The  Shaw  Electric  Crane  Co.,  the  Asl 
croft  Manufacturing  Co..  the  Consolidated  Safety  Valve  d 
the  Hayden  &  Derby  Manufacturing  Co.  and  the  Hancoc 
Inspirator  Co.  They  will  occupy  the  20th  and  21st  floors  • 
the  above  building,  which  will  give  them  28.000  sq.ft.  ' 
space.  This  space  ^'ill  be  exclusively  for  offices,  and  is  almo 
double    that   at    present   occupied    for    offices   on    Liberty  St. 


TRADE     CATALOG  vS 


S.    F.    Bowser  &  Co..   Inc..   Fort   Wayne.   Ind.      Pamphlet, 
collapsible  oil  filter.     Illustrated,  24  pages,  6x9   inches. 

The  United  States  Graphite  Co..  Saginaw,  Mich.  Bookh 
"What  Users  Say  About  It."  Mexican  boiler  graphite.  lUu 
trated,   64   pages,   5x8    inches. 

The  Vilter  Mfg.  Co..  Milwaukee,  Wis.  Bulletin  No.  5 
"Plate  Ice  and  Raw  W"ater  Can  Ice  as  Affected  by  the  Mi: 
eral  Salts  in  Water."     20  pages.  6x9  inches. 

National  Tube  Co.,  Prick  Building,  Pittsburgh,  Pen 
Booklet.  The  Whole  "Kewanee"  Family.  Unions,  union  el 
and  tees,  boiler  couplings,  etc.  Illustrated,  48  pages,  5%: 
inches. 

Hughson  Steam  Specialty  Co..  First  National  Bank  Bull 
ing.  Chicago.  111.  Catalog  D.  Eclipse  steam  specialtit 
Valves,  pump  governors,  water  columns,  steam  traps,  el 
Illustrated,   40   pages.   5%x8%    inches. 

Harrison   Safety  Boiler  Works.    17th   St.    &   Allegheny  Av 
Philadelphia.    Penn.      Catalog   Section   A.      Live    steam    separ 
tors.      Illustrated.    20    pages.    6x9    inches.      Catalog   Section 
Live-steam    separators    and    receivers.      Illustrated.    32    pag 
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New  York  City's  Power  Problem 


By  a.  D.  Blake 


SYNOPSIS — The  group  of  cih/  huildings  adjacent  to 
thinall  of  Records  afford.'^  an  excellent  opportumly 
for  a  central  plant  for  heat,  light  and  power  M  of 
these  luUdings  are  already  on  sem.ce  from  the  Hal  of 
Becords  plant;  whether  the  rest  of  the  available  load 
trill  be  iahen  over  will  depend  largely  on  the  outcome  of  a 
yrar's  test  now  being  carried  on  at  //n.s  plant 

Tlio  Joug-coutrovcrlrd  que^^tiou  a.<  to  whether  Xe\\ 
York  Citv  can  more  ocouoniieally  operate  its  own  steam 
plants  or  purchase  electrical  energy  and  perhaps  steam 
from  ontside  sources  is  being  carefully  investigated 
through  a  test  now  being  conducted  on  the  plant  at  the 
Hall  of  Records  at  Chambers  and  Center  Streets. . 

Tests  extending  over  periods  of  several  days  or  even 
weeks  have  not  been  uncommon  in  the  past,  but  this,  we 
believe,  is  the  first  instance  of  a  complete  plant  test 
extending  over  a  whole  year  and  thus  making  available 
complete  operating  data  for  all  seasons.  Aside  Irom 
arriving  at  the  cost  of  producing  electric  energy,  and  its 
ultimate  importance  to  the  city,  the  test  will  go  lar 
toward  showing  what  proportion  of  the  total  cost  should 
be  credited  to  exhaust-steam  heating,  hydraulic  elevators, 
and  various  auxiliaries,  conclusions  about  which  have 
heretofore  been  largely  a  matter  of  conjecture. 


Tig.  1.  Hall  of  Eecokds 


Tig.  2.  Exgine  Eoo:.r  or  Hall  or  Eecords 
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Reverting  to  tlio  coiidiliojis  leadiiiji'  up  to  tlie  preseiii 
test,  a  WL'll  equipped  plant  liad  been  installed  at  the  new 
Police  Headquarters,  but  never  operated,  and  other  city 
plants,  notably  that  at  t'ae  Tombs  prison,  had  been  shut 
down  about  three  years  ago  and  Edison  service  substi- 
tuted. These  instances  led  to  an  investigation  by  the 
Bureau  of  Municipal  Keseareli,  which,  after  compiling 
considerable  data  upon  (he  oiiei'atiuns  of  plants  in  the 
city,  submitted  an  extensive  report,  which  was  favorable 
to  the  city-operated  plant.  This  report,  however,  was 
open  to  attack,  as  it  contained  certain  assumptions,  which, 
iu  the  {'.bsence  of  actual  data,  couhl  iu)t  be  satisfactorily 
sulistantiated. 

To  settle  the  question,  it  was  finally  decided  to  conduct 


The  plant  was  insialled  in  UMil  and  the  generators 
have  a  rated  capacity  of  iSO  kw.  The  equipment  con- 
sists of  five  hand-tired  B.  &  W.  boilers,  having  a  total 
capacity  of  approximately  flOO  hp. ;  two  18x42-in.  and 
one  16x36-in.  Brcwn  Corliss  engines,  direct-connected, 
respectively,  to  ].5()-  and  100-kw.,  rSO-volt,  direct-current 
generators.  In  addition  to  these  tliere  is  a  l".'xl;5-in. 
Watertown  engine,  driving  a  .30-kw.  dynamo.  AH  are 
noncondensing  and  exhaust  to  the  heating  system  during 
the  heating  season.  In  the  summer  months,  part  of  the 
exhaust  is  used  in  tlie  10-ton  al)soriition-ly]ie  refrigerat- 
ing machine,  which  is  used  for  cooling  the  drinking 
water. 

There  are  six  liydraulic  elevators  fur  passenger  service, 


iMl 
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a  year's  test  on  tlie  plant  of  the  Hall  of  Records  under 
the  general  direction  of  the  Bureau  of  Municipal  Ee- 
search,  the  New  York  Edi.son  Co.  and  the  city  defraying 
the  expenses.  A  board  of  six  advisory  engineers  were 
selected.  Professors  R.  C.  Carpenter  and  C.  E.  Lucke 
representing  the  Bureau  of  Municipal  Research,  Messrs. 
E.  P.  Bolton  and  E.  F.  Tweedy  the  Xew  York  Edison 
Co.,  and  Messrs.  E.  P.  Goodrich  and  G.  F.  Sever  the  city. 
The.se  selected  Professor  Diederichs,  of  Cornell  Univer- 
sity to  conduct  the  test;  he  choosing  his  own  observers 
from  among  Cornell  students.  The  test  was  started  Dec. 
16,  1912,  and  the  plant  is  being  operated  by  the  regular 
city  employees,  of  whom  John  J.  Daly  is  the  chief  engi- 
^neer.  Mr.  L.  R.  Bates,  mechanical  engineer  for  the  De- 
partment of  Public  Buildings,  has  general  su])ervision 
over  the  operation. 


four  book  lifts  and  one  si(K'walk  ash  lift.  The  book  lifts, 
however,  are  not  used.  This  service  is  handled  by  three 
IG  and  2.5x1  Sx].?-!]!.  ciinip<iund-])ist(ui  pumi)s  and  one 
9x-txlO-in.  ram  for  safe  lifiing.  This  pumping  jdant 
also  serves  two  liydraulic  passenger  elevators  in  the  City 
Court  Building. 

A  .57-cell,  10()0-anili.-lir.  storage  battery  is  provided 
for  night  service  during  the  summer  nionths.  In  the 
heating  season  the  50-kw.  generating  unit  is  o]ierated  al 
night  as  the  exhaust  steam  is  utilized  in  ibe  heating 
system. 

In  the  present  test  water,  steam  and  electric  meters 
have  been  placed  on  all  lines  and  circuits,  within  the 
building,  as  well  as  those  supplying  outside  service,  so 
that  each  part  of  the  plant  may  be  charged  with  its 
proi)er  share  of  the  load.     Readings  are  taken  every  hour 
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ami  all  classes  of  meters  aro  calilirnted  at  stated  intervals. 

Recording  thermometers  are  placed  on  the  feed-water 
lines  and  the  cooling  water  returns,  and  there  are  indicat- 
ing thermometers  on  all  water-meter  lines. 

Two  different  types  of  t'O,  recorders  are  provided,  one 
as  a  check  upon  the  other,  and  there  is  also  a  smoke 
recorder  installed  in  the  hoiler  room,  where  it  may  he 
seen  by  the  firemen  at  all  times.  All  coal  and  ash  are, 
carefully  weighed  by  the  observers  and  the  evaporation 
is  posted  from  day  to  day  on  the  blackboard  in  the  firu- 
loom,  so  that  the  firemen  may  know  just  what'they  ai'e 
doing;  this  also  has  had  the  effect  of  stimulating  com- 
petition among  the  firemen. 

The  plant  is  now  being  o])erated  very  satisfactorily 
with  15  men,  including  the  chief,  which  is  six  less  than 
in  1911,  when  conditions  were  somewhat  different.  More- 
over, the  same  service  is  being  performed  with  one  less 
boiler,  two  being  used  in  summer  and  three  in  wintej^. 
Tn  line  with  the  policy  of  the  present  administration, 
many  economies  have  been  effected,  such  as  the  use  of 
exhaust  steam  in  the  refrigerating  system,  where  live 
steam  was  formerly  used,  and  the  installation  of  a  motor- 
driven  air-compressor  for  the  ejectors  in  place  of  the  more 
uneconomical  steam  compressors  previously  used.     More- 


and  cold  water,  and,  in  the  ease  of  the  City  Court  House, 
with  water  for  elevator  operation.  This,  according  to  the 
report  of  Borough  President  McAneny,  resulted  in  a 
saving  of  $18,000  in  fuel  and  labor  the  first  year  alone. 

The  following  summer,  cables  were  installed  in  the 
ducts  provided  under  Chambers  Street  and  the  Hall  of 
Records  supplied  electrical  energy  to  the  group  of  build- 
ings in  City  Hall  Park. 

Even  with  this  additional  load  the  electrical  plant  is 
considerably  underloaded,  one  unit  being  able  to  handle 
the  load    for  the  greatei-  part  of  the  time,  and  after  4 
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Fig.  4.  Plan  Shovvini!  Rklativr  Location  of  City  Buildixgs  axd  Sekvices  AL^EAnY  Installed 


over,  the  heating  and  ventilating  fans  in  the  County 
Court  House  were  changed  from  engine  drive  to  motor 
drive,  since  with  the  engine  drive  it  was  necessary  to  use 
high-pressure  steam  from  the  New  York  Steam  Co. 

p]xact  figures  as  to  operating  costs  will  not  be  avail- 
able until  after  the  test  has  been  completed.  The  over- 
head and  fixed  charges  will  he  ctetermined  separately  by 
the  advisory  board  of  engineers  and  will  be  added  to  the 
operating  costs  after  the  test  has  been  completed. 

The  group  of  city  buildings  around  the  Hall  of  Records 
nft'ords  a  splendid  opportunity  for  a  block  system  of 
steam  and  electric  supply.  Prior  to  the  summer  of  1911, 
the  City  Hall,  the  County  Court  House  and  the  City 
Court  House  were  supplied  with  steam  from  the  mains 
of  the  New  York  Steam  Co.  and  with  electricity  from 
the  New  York  Edison  Co.  At  that  time,  however,  these 
buildings  were  connected  with  the  Hall  of  Records  by 
underground  piping  and  were  supplied  with  steam,  hot 


p.  m.  the  lighting  load  falls  oft'  very  rapidly.  Obviously, 
anything  that  would  tend  to  increase  the  night  load  and 
thus  raise  the  load  factor,  would  be  extremely  desirable. 
Such  an  opportunity  appears  in  the  lighting  service  on 
the  Brooklyn  Bridge,  which  is  only  a  few  hundred  feet 
from  the  Hall  of  Records.  The  Bridge  lighting  comes 
on  just  about  the  time  that  the  load  in  the  Hall  of 
Records  falls  ofl'.  and  is  at  present  on  Edison  service, 
but,  as  we  understand,  the  contract  is  made  from  year 
to  year,  and  could  be  very  easily  tf.ken  over  by  the  city. 
The  most  important  proposition,  however,  is  with  re- 
gard to  the  new  Municipal  Building,  located  just  across 
the  street  from  the  Hall  of  Records.  The  electrical  re- 
quirements of  this  building  will  be  considerable  as,  in 
addition  to  the  lighting,  there  are  thirty-four  electric  ele- 
vators, and  it  is  expected  that  it  will  be  ready  for  occu- 
pancy during  the  coming  winter.  In  its  basement  there 
have  been  installed  about  ITOO-hp.  in  high-pressure  boil- 
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ers,  with  a  complete  pump  equipment  for  various  .services 
and  a  2i)-ton  ice  machine,  but  uo  engines  or  generators. 
A  ver}'  complete  switchboard  has  been  installed,  and  Edi- 
sou  service  is  connected.  Owing  to  the  subway  passing 
through  the  basement  of  thi.s  building,  the  space  is  some- 
what cut  up,  as  may  bo  seen  from  the  general  plan,  Fig. 
±,  and  it  was  a  question  at  the  time  whether  enough 
si)ace  was  availalile  for  an  engine  room.  At  any  rate, 
the  engines  and  generators  were  omitted. 

Such  being  the  conditions,  it  seems  only  logical  to  run 
a  tunnel  under  Center  Street  and  connect  the  boilers  with 
those  of  the  Hall  of  Records,  installing  such  additional 
units  as  may  be  necessary  in  the  basement  of  the  latter 
Ijuilding,  where  there  is  plenty  of  room,  and  supplying 
both  buildings  from  the  one  plant,  an  a -rangement  which 
would  cut  down  both  labor  and  fuel  expenses.  The  final 
outcome  as  to  this  suggestion  may  lie  governed  by  the 
results  of  the  ]iresent  test   in  the  Hall  of  Records. 

Elliott  Vertical  and  Horizontal  Heaters 

These  beaters  I'ontain  the  combined  desirable  features 
of  the  old  Pitt.sburgli  feed-water  heater  and  numerous 
improvements  made  by  the  present  manufacturers  of  the 
Elliott  heater,  the  Elliott  Co.,  6908  Susquehanna  St.. 
Pittsburgh,  Penn. 

An  examination  of  the  accompanying  illustrations 
shows  simplicity  of  design  and  convenience  in  operation. 
With  the  exception  of  the  bolts  and  brass  fittings  th.' 
heaters  are  built  entirely  of  cast-iron. 

The  vertical  heater,  Fig.  1,  is  made  with  dished  upper 
and  lower  heads,  the  top  head  being  provided  with  a 
Tent  for  removing  accumulated  air  and  gases  in  the  heater. 
There  is  also  an  enlarged  passage  between  the  inlet 
nozzle  and  the  heater,  at  the  top  of  which  is  a  combined 
oil  separator  and  cutout  valve.  The  oil  and  eutrainments 
abstracted  from  the  exhaust  steam  by  the  separator  pass' 
into  an  overflow  box,  below,  from  where  it  flows  to  waste 
through  a  water-sealed  opening.  The  overflow  box  not 
only  serves  as  a  deposit  chamber  for  the  condensation 
and  oil,  but  the  large  opening  in  its  front  face  next  to 
the  water  provides  an  overflow  and  skimmer  to  the  heater. 
If  back  pressure  is  carried  on  the  heater,  the  outlet  t<i 
this  chamber  is  provided  with  a  float-actuated  trap. 

Water  is  admitted  through  a  balanced  valve  controlled 
by  a  ventilated  float,  and  is  discharged  through  a  cast-iron 
conduit  to  the  spray  box,  from  which  it  is  discharged  to 
the  pans.  This  spray  box  has  four  or  more  V-shaped 
arms  with  saw-tooth  edges,  Fig.  2,  over  which  the  water 
flows  to  the  top  distributing  pan.  Because  of  the  con- 
struction of  the  pans  the  water  is  broken  up  as  it  passes 
over  and  drops  into  the  water  space  below,  during  which 
passage  it  reacJies  its  maximum  temperature. 

Referring  to  Figs.  1  and  4,  water  drops  from  the  arms 
of  the  spray  box  into  the  distrilnitiug  pan  and  then  flows 
in  an  outward  direction,  falling  fri^m  cascade  to  cascade 
until  it  passes  over  the  outer  edge  into  the  sediment  pan 
below.  It  then  flows  in  an  inward  direction,  falling  on 
another  cascade  jjan  beneath,  and  so  on  until  it  finally 
drops  into  the  water  chamber.  As  the  water  falls  over 
the  edges  of  the  cascade  pans,  it  is  broken  up  a  ntimber 
of  times,  and  in  approaching  the  outer  edge  its  depth 
gradually  decrea.ses,  until  in  the  form  of  a  thin  sheet,  it 
passes  over  the  outer  edge  into  the  pan  beneath. 

The  pans  are  supported  on  a  central  column  and  each 


individual  set  is  rotatable  about  its  center  casting  inde- 
pendently of  the  adjacent  set.  The  cascade  pans  are 
made  in  two  sections  bolted  together,  and  are  not  intended 
to  be  removed  from  the  heater.  The  sediment  pans, 
however,  are  built  in  segments.  Fig.  5  the  number  and 
size  depending  upon  the  size  of  the  heater.  They  are  fas- 
tened to  the  cascade  pans  and  are  easily  removable 
through  cleaning  doors  on  the  side  of  the  casings.  Tho 
cascade  jians  consist  of  annular  steps,  the  sediment  pans 


Fig.  1.     Se.mi-Sixtioxal   \'iew  of  ViciiricAL  HEATEn 

slope  toward  the  center  and  catch  jn-ecipitates  released  by 
the  heat  of  the  water.  In  order  to  clean  the  pans  each 
is  rotated  in  front  of  the  cleaning  door,  the  absence  of 
the  sediment-pans  segments  allowing  ample  room  for; 
scraping  off  any  scale  that  may  have  formed. 

The  combined  separator  plate  and  cutoff  valve  is  shown 
in  Fig.  6.  It  is  made  with  a  corrugated  surface  against 
which  the  incoming  steam  impinges,  abstracting  the  oil 
and  entrainment  which  are  deposited  in  the  overflow  box. 
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The  ;ri'parator  is  inuuntod  on  studs  aud  by  reiiioviag  the 
nut  cau  be  removed  aud  cleaned  after  becoming  tilled 
with  grease  aud  oil.  The  face  of  the  oil  separator  is 
shoxMi  in  Fig.  3. 

The  cutoff  valve  permits  of  cutting  out  the  heater  for 
cleaning.  A  bronze  ring  inserted  in  one  of  the  outer 
grooves  of  the  oil  separator  acts  as  a  valve  ring  aud  bears 
on  the  valve  seat  in  the  steam  nozzle  of  the  heater.  The 
combined  valve  and  separator  slides  on  its  supportiu.i; 
studs.  One  end  of  the  valve  stem  extends  through  tin 
separator  and  cross  bar  which  is  threaded  and  engagi- 
with  the  threads  on  the  end  of  the  valve  stem,  which  is 
also  connected  to  the  valve  .spider.  The  other  end  e\^ 
tends  through  the  wall  of  tlic  heater  and  is  provide  I 
with  a  valve  wheel. 

Cold  water  enters  the  heater  through  the  inlet  val\i 
rdready  mentioned,  and  tire  rising  and  falling  of  thi 
float  opens  and  closes  the  valve  in  a  proportion  stifficicni 
to  maintain  a  constant  water  level  in  the  heater.  The 
return  condensate  from  the  heating  system  enters  the 
heater  through  an  opening  lietween  the  cold-water  iiilcl 
valve  and  the  heater,  the  condensate  passing  over  the 
heating  ]".aiis  in  the  usual  wiiy  to  insure  I  he  highest  tem- 
perature. 


Fui.  ;!.  Oil  Si:i' 
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Fui.   G.   CoMiiiMi)   Si;i'ai;,\'|(m;    \mi   ( 'i'tokk  Valvic 

To  sim]ilify  ]iiinng  a  tee  separator  can  be  attached  to 
the  heater,  the  ])urpose  of  which  is  to  purify  the  steam 
that  does  not  enter  the  heater,  but  which  is  used  fm 
other  purposes,  such  as  steam  drying,  heating,  etc.  When 
the  heater  cutout  valve  is  used  and  the  steam  is  shut  off 
from  the  heater  all  the  steam  is  purified  up  to' the  capacity 
of  the  main  exhaust  line.  The  tee-type  separator  can 
be  placed  at  any  convenient  point  in  the  exhaust  line 
leading  to  the  heater. 

This  type  of  separator  is  also  built  in  suidi  a  way  that 
the  valve  and  separator  plate  are  in  one  piece  ,s(i 
mounted  that  it  can  be  readily  removed  through  the  open 
ing  at  the  top  when  it  becomes  fouled  and  requires  clean- 
ing. Fig.  7  shows  a  section  throitgh  a  tee-valve  separator 
designed  for  a  horizontal  exhaust  main.  On  one  side  of 
the  tee  is  a  .separating  ])late  containing  a  combined  valve 
and  valve  disk  operated  by  a  valve  stem  which  passes 
through  one  side  of  the  tee.  The  outlet  to  the  separating 
chamber  is  provided  with  a  bronze  seat  for  the  valve 
disk. 

A  combination  of  tee-valve  separator  and  back-pressure 
valve  is  shown  in  Fig.  8.  The  back-pressure  valve  is 
attached  to  the  top   outlet   of  the   separator,   when   the 


292 


POWER 


Vol.  38,  Xo.  9 


Fui.  7.    Sectiox  of  Tee-\"ai,ve  Sepauatoj; 

apparatus  is  mouuted  on  the  heater.  The  coutrol  of  the 
heater  inid  heating  or  dryiug  systems  is  centralized  at 
the  heater,  as  shown. 

In  the  design  of  these  heaters  it  will  be  noted  that 
all  the  space  within  is  utilized  for  maintaining  the  proper 
head  of  water  above  the  pump  suction,  and  for  providing 
ample  area  for  distributing  the  steam  to  the  pans.  There 
is  also  a  sutficient  amount  of  steam  space  between  the 
walls  and  pans  and  between  the  different  pans,  to  allow 
for  the  required  supply  of  steam,  as  well  as  for  a  sufficient 
area  of  the  water  surface  to  ])ermit  of  precipitating  the 
impurities  before  the  water  is  drawn  from  the  heater  and 
forced  into  the  boiler. 

These    heaters    are    made    in    various    types,    vertical. 


rectangular,  cylindrical  and  horizontal.  The  vertical 
rectangular  heater  is'  built  in  small  sizes  only,  and  is 
suitable  for  small  installations,  occupying,  as  it  does,  but 
very  little  floor  space  and  headroom.  The  main  body 
of  this  heater  is  made  in  one  casting,  the  back  is  closed 
by  a  plate  containing  the  nozzle,  overflow,  etc.  The 
body  and  plate  are  bolted  together ;  the  pans,  water  supply 
and  separators  are  built  on  the  same  lines  as  in  the  heater 
already  described. 

The  horizontal  cylindrical  heater  is  designed  for  use 
in  power  plants  where  headroom  is  limited.  It  is  built 
(iH  substantially  the  same  lines  as  the  vertical  type,  the 
difference  being  that  the  shell  is  placed  horizontally  in- 
stead of  vertically.  A  view  of  this  heater  is  shown  in 
Fig.  9.  The  flanged  sections  are  cast,  machined  ami 
bolted  together;  doors  permitting  access  to  the  interior 
for  cleaning  are  provided  on  the  right-hand  head,  and 
on  the  side  walls  of  the  cylinders.  Water  enters  the 
heater  through  a  balance-float-controlled  valve,  shown  at 


Fig.  8.    Tee-Vai.ve  Sepaeatoe   axd  R  u^k-Pees 
Valve  Attached  to  Heater 


Fic^.  9.  Semi-Sectiox  of  Hoeizoxtal  Heater 

the  right-hand  head,  and  is  discharged  into  a  conveying 
trough,  and  distributed  through  adjustable  nozzles  to  the 
several  sets  of  pans.  The  nozzles  can  be  adjusted  to 
obtain  an  equal  supply  of  water  to  each  set  of  pans.  The 
combined  valve  and  separator  already  described  is  shown 
at  the  left,  the  valve  being  operated  by  a  handwheel 
extending  through  the  wall  of  the  shell.  The  hot-water 
outlet  is  covered  by  a  hood  and  vented  to  the  steam 
space.  This  is  to  prevent  the  entrance  to  the  ptimp  sec- 
tion of  any  light  particles  which  might  float  ou  the  sur- 
face of  the  water.  Each  section  of  the  heater  is  pro- 
vided with  a  blowoff  connection  at  the  bottom  of  the 
cylinder.  This  type  of  heater  is  built  in  sizes  up  to  and 
inchtding  12,000'hp. 

Fig.  10  shows  one  method  of  supporting  the  heater, 
also  that  of  attaching  the  cutoff  valve  and  overflow  trap. 

A  feature  shown  in  the  horizontal  cylindrical  heater, 
which  is  built  for  large  capacities  only,  not  found  in  those 
;ih'eady  described,  is  that  instead  of  controlling  the  supply 
water  bv'  one  large  valve,  several  valves  are  used.  These 
smaller  valves  are  actuated  by  floats  placed  in  outside 
float  boxes,  where  they  are  not  affected  by  the  pulsation 
of  the  steam  in  the  heater. 

As  shown  in  Fig.  11,  the  water  enters  in  front  of 
the  central  valve  and  is  distributed  in  equal  quantities 
to  the  three  valves.  As  the  capacity  of  each  spray  box 
and  its  pan  system  is  equal  to  the  capacity  of  the  valve, 
it  does  not  matter  so  far  as  the  fmal  temperature  of  the 
water  is  concerned,  whether  it  is  distributed  to  the  dif- 
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ferent  system  pans  iiuirnrmly  or  not.  By  the  use  of  a 
number  of  small  valves,  the  supply  of  water  is  more 
uniformly  in  proportion  to  the  demand  than  it  would 
be  if  one  large  valve  were  used  for  the  same  total  capacity. 

It  is  necessary  for  a  valve  to  accumulate  energy  suf- 
ficient to  overcome  the  friction  on  the  connections  between 
the  float  valves  and  the  valve  combined  with  the  inertia 
of  the  valve  parts,  etc.,  before  it  l)egins  to  move  the  valve. 
Consequently,  the  control  of  the  water  is  much  more 
sluggish  when  using  a  large  float-operated  valve  than 
when  using  a  number  of  small  ones.  Multiple  valves 
also  tend  to  give  a  more  constant  water  level,  thereby 
avoiding  a  sudden  rush  of  cold  water  into  the  heater  at 
times  when  there  is  not  a  sufficient  amoiTut  of  steam 
to  heat  it.  This  type  of  heater  is  made  in  sizes  from 
35,000  to  50,000-hp.  capacity. 

At  times  it  is  desirable  to  connect  up  two  or  more 
heaters  in  multiple,  and  when  so  doing,  it  is  necessary 
that  the  proper  proportion  of  steam  be  supplied  to  all 
of  the  heaters,  and  that  equal  water  levels  be  maintained. 
This  method  of  connection  is  illustrated  in  Fig.  13, 
where  two  heaters  are  mounted  in  line  and  the  exhaust 
nozzles  connected  to  the  inlet  nozzles  in  such  a  way  that 
the  supply  of  steam  can  be  controlled  by  the  cutoff  valve 
within  the  heaters.  In  plants  depending  upon  au.xiliary 
exhaust  steam  for  heating  tlic  feed  water,  it  is  nccessaiy 
at  times  to  supply  the  heater  with  live  sicani. 


This  is  accomplislie<l  by  ]ilacing  within  the  exhaust 
connection  at  D,  a  tee  branch  connected  to  the  live  steam 
supply.  As  the  tee  discharges  the  live  steam  directly  in 
line  with  the  entrance  to  the  heater,  it  acts  as  an  injector 
in  increasing  the  velocity  of  the  entering  exhaust  steam. 

Beferring  to  Fig.  12,  E  is  a  junction  box,  F  is  the 
pump  suction  outlet,  and  UG  are  check  valves  opening 
inward.  The  float-control  valves  are  actuated  by  th>' 
variation  of  the  water  levels  within  the  two  heaters.  If 
for  any  reason  the  level  in  one  heater  should  drop  below 
that  in  the  other,  the  difference  in  heads  prevents  the 
check  valve  controlling  the  outlet  of  the  water  in  the  low 
heater  from  opening,  and  remains  in  this  condition  until 
the  water  levels  in  both  are  equal.  In  such  a  case  the 
water  should  flow  at  a  uniform  rale  from  lioth  heaters 
into  the  junction  box,  and  from  Ihcre  lo  the  jjump.  The 
main  inlet  //  takes  the  supply  from  the  hotwcll.  Ba<'k 
of  the  nozzle  //  is  a  \'alve  controlled  by  the  float  in  the 


Fig.   11. 
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float-box  /.  Should  the  supply  of  water  from  the  hot- 
well  be  insufficient,  the  water  in  both  heaters  falling  to 
the  same  level,  causes  the  floats  in  the  float-box  J  to  drop 
and  open  the  valve  A",  admitting  raw  water.  The  advan- 
tages of  connecting  two  heaters  in  this  manner  are  that 
the  piping  is  simplilicd.  that  the  cost  of  installation  is 
reduced,  an  equal  watci'  lr\rl  maintained  in  the  heaters 
and  the  jiropcr  aninunt  nl'  steam  rmi  be  su])plied  to  each 
heater. 


Fig.  12.  Hkaters  Connected  in  Multiple 


294 


POWEK 


Vol.  -.is,  Nu.  9 


Damage  by  Water  in  Engine  Cylinders 


Sl'XOPSlS — It  teas  found  by  actual  experiment,  that 
du-j  to  a  relatively  aliort  period  of  admission  as  compared 
with  the  period  of  exhaust,  and  to  the  exhaust  ports  being 
larger  than  the  inlet  ports,  all  the  water  passed  out  of  the 
cylinder  without  doing  any  damage.  At  light  load,  how- 
ever, water  might  he  drawn  back  into  the  cylinder  from 
the  exhaust  pipe  and  cause  damage. 

Ill  Power,  June  25,  1913,  was  published  au  articli'  cx- 
Ijlainiug  how  the  low-j)ressure  cylinders  of  compound  en- 
gines are  wrecked  by  water  which  accumulates  in  the  re- 
ceiver and  is  swept  into  the  low-pressure  cylinder.  This 
explanation  was  questioned  by  H.  Bollinckx,  the  emi- 
nent Belgian  engine  builder  (see  July  30,  p.  164)  "be- 
cause the  admission  being  only  0.3  of  the  stroke,  the 
water  cannot  enter  except  during  this  period,  but  it  has 
at  least  0.8  of  the  stroke  to  get  out  of  the  cylinder.  How, 
therefore,  can  it  stay  there  to  make  trouble  on  the  re- 
turn stroke?" 

M.  Bollinckx,  in  order  to  satisfy  himself  and  others  of 
the  soundness  of  his  position,  undertook  a  series  of  ex- 
periments to  ascertain  if  it  were  possible  to  wreck  an  en- 
gine in  this  way.  The  engine  used  is  shown  in  cross-sec- 
tion in  Fig.  1.  The  diameter  of  the  cylinder  was  13.75 
in.,  the  stroke  27.5  in.,  the  steam  pressure  110  lb.,  and 
the  rated  capacity  140  hp.  at  158  r.p.m.  The  distribu- 
tion of  the  steain  was  by  means  of  horizontal  piston 
valves  controlled  by  a  cutoff  mechanism  for  the  admis- 
sion and  a  positive  drive  for  the  exhaust.  The  governor 
controlled  the  admission  up  to  55  per  cent,  of  the  stroke, 
release  taking  place  at  90  per  cent.,  the  valves  closing  for 
compression  when  the  return  stroke  was  75  per  cent,  com- 
pleted. The  clearances  were  about  3  per  cent.,  and  both 
the  barrel  and  the  heads  were  jacketed  by  the  live  steam. 
The  tests  were  made  in  the  presence  of  MM.  Vincotte 
and  Dubois,  directors  of  the  Association  pour  la  Surveil- 
lance des  Chandieres  a  Vapeur. 

In  order  to  allow  the  ready  escape  of  the  water  taken 
into  the  cylinder,  the  exhaust  pipe  of  6.7-in.  diameter, 
was  installed  with  a  considerable  pitch  away  from  the 
engine  and  discharged  into  the  atmosphere.  Precautions 
were  taken  to  limit  the  amount  of  damage  that  might  be 
produced.  The  engine  was  run  single-acting,  the  head 
of  the  operating  end  held  by  only  three  bolts,  and  an 
abutment  provided  to  take  care  of  it  should  it  be  blown 
off.  The  engine  was  belted  to  the  shafting  of  the  shop 
which  was  run  by  a  much  more  powerful  engine,  so  that 
its  speed  was  held  at  that  determined  by  the  shafting 
regardless  of  the  point  of  cutoff,  which  could  be  adjusted 
by  hand.  Three  boilers  were  used  in  connection  with  the 
test,  two  to  supply  the  engine  with  steam  and  one  at  a 
higher  pressure,  from  which  water  was  drawn  for  in- 
jection into  the  incoming  steam. 

The  steam  main  was  4.35  in.  in  diameter  and  33.8  ft. 
long.  One  valve  was  provided  near  the  boilers,  and 
another  near  the  cylinder  of  the  engine,  by  which  means 
it  was  possible  to  operate  the  machine  from  a  distance 
when  necessary. 

The  tests  were  divided  into  three  series,  in  the  first 
of  which  water  was  pumped  into  the  steam  main  by  a 
pump  2.75x4.5  in.  running  at  200  r.p.m. 

For  the  first  run  the  machine  was  started  with  a  very 


early  cutotf  but  carried  at  speed  by  the  belt.  The  pum]i 
was  started  and  discharged  its  water  into  the  steam  main 
and  after  passing  through  the  jackets  the  admission 
valve  and  the  cylinder  itself,  it  was  voided  continuously 
by  the  exhaust  pipe  without  having  produced  any  dam- 
age. 

For  the  second  rim  the  degree  of  admission  was  aug- 
mented slowly  and  progressively,  while  the  pump  eon- 
linued  to  discharge  water  into  the  steam  pipe.  The  re- 
sults were  the  same  as  in  the  first  test. 

For  the  third  run  the  belt  was  removed,  in  which  ease 
the  engine  naturally  speeded  up  as  it  was  given  steam 
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and  as  the  degree  of  admission  was  increased.  But  even 
in  this  case  there  was  not  the  least  shock  althougli  the 
pumj:)  was  discharging  the  water  continuously. 

The  second  series  of  tests  was  made  by  installing  in 
the  steam  pipe  near  the  engine  a  pocket  having  a  volume 
of  approximately  50  quarts,  connected  by  a  pij^e  with  the 
water  portion  of  one  of  the  boilers.  This  boiler  was  run 
at  a  higher  pressure  than  that  supplying  the  engine,  so 
that  by  opening  the  valve  in  the  connecting  pipe  its  water 
could  be  discharged  into  the  incoming  steam  at  any  rate 
desired.  A  water  gage  in  the  pocket  permitted  the  move- 
ment of  W'ater  in  the  pipe  to  be  seen. 

In  the  first  run  with  this  arrangement  the  valve  was 
opened  so  as  to  entirely  fill  the  pocket  with  water.  The 
result  was  that  it  came  through  the  engine  without  dam- 
age but  in  gulps  instead  of  continuously  as  when  fed  reg- 
ularly by  the  pump.  The  alternating  movement  of  the 
water  in  the  pocl.et  was  visible  in  the  gage  glass.  The 
valve  was  then  opened  so  as  to  fill  the  pocket  only  partly 
full.  The  water  came  out  of  the  exhaust  pipes  still  in 
gulps  but  in  lesser  volume. 
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In  the  uext  experiment  the  valve  was  opened  as  rapidly 
i  possible  to  sueli  an  extent  that  the  steam  pipe  was 
itirely  filled  witli  water,  as  well  as  the  steam  jacket, 
he  water  came  through  the  engine  all  right  but  the  first 
ug  was  thrown  a  distance  of  some  65  ft.,  and  at  the 
ime  moment  there  was  a  shock  in  the  pipe  accompanied 
y  the  rupture  of  one  of  the  joints.  The  pipes  separated 
3me  ten  inches  and  shortly  after  another  slug  of  water 
jroe  along  and  was  discharged  through  this  opening, 
'he  exhaust  pipe  was  then  repaired  and  the  experiment 
apeated  when  the  water  escaped  from  the  exhaust  pipe 
1  successive  slugs.  The  engine  was  run  with  various 
iegrees  of  cutoff  and  suffered  not  the  slightest  damage. 
I  A  third  series  of  experiments  was  made  without  the 
acket.  With  the  engine  in  this  condition  all  sorts  of 
xperiments  were  made,  the  steam  pipe  was  filled  with 
rater  more  or  less  completely,  and  the  machine  was  run 
ast  and  slow  with  short  and  long  cutoff,  but  always 
assed  the  water  without  harm. 

The  conclusion  at  which  the  experimenters  arrived  was 
hat  all  water  which  enters  a  cylinder  of  a  steam  engine 
luring  the  admission  is  discharged  during  the  exhaust 
Itroke  without  occasioning  any  injury  to  the  cylinder 
egardless  of  the  quantity  of  the  entering  water  or  the 
oad  of  the  machine.  This  conclusion  entails  the  suppo- 
iition  that  the  exhaust  valves  are  placed  in  the  bottom 
)f  the  cylinder. 

This  is  explained  by  the  fact  that  the  admission  rarely 
asts  more  than  one-half  stroke  while  the  exhaust  contin- 
les  during  almost  the  entire  return  stroke,  and  the  ex- 
haust passages  are  larger  than  the  steam  passages. 

It  might  be  suggested  that  the  water  would  enter  the 
bylinder  faster  than  it  would  discharge  because  it  enters 
^nder  the  difference  in  pressure  between  the  interior  of 
|the  cylinder  and  the  boiler.  As  a  matter  of  fact,  how- 
ever, at  the  instant  of  opening  of  the  admission  valve, 
this  difference  in  jjressure  is  not  very  great  because  of 
the  pressure  in  the  cylinder  at  the  end  of  the  compres- 
sion. The  discharge  of  water  from  the  cylinder  is  fav- 
bred  by  the  difference  in  pressure  between  the  interior  of 
the  cylinder  and  the  exhaust  pipe,  and  it  should  be  re- 
marked that  the  pressure  is  small  for  a  light  load,  that  is 
to  say  for  early  cutoff,  but  the  quantity  of  water  taken 
in  is  also  small  in  this  case.  The  experimenters  enumer- 
ate the  following  conclusions : 

1.  Single-Cylinder  Xon-Condensing  Engines — No 
damage  from  water  can  result  if  the  exhaust  pipe  is  well 
drained.  If  water  remains  in  the  pipe  it  will  return  to 
the  cylinder,  especially  when  the  engine  is  running  light 
and  the  pressure  of  the  steam  at  the  end  of  the  stroke  is 
less  than  that  in  the  exhaust  pijie. 

Precaution — Place  at  the  foot  of  the  exhaust  pipe  a 
large  pocket,  in  which  the  water  may  accumulate  and  be 
careful  to  see  that  it  is  kept  empty  by  a  trap  or  otherwise. 

In  small  installations  the  exhaust  steam  from  the  en- 
gine is  used  to  heat  the  feed  water.  This  process  is  evi- 
dently economical  but  to  avoid  accidents  to  the  engine 
therefrom  it  is  indispensable  that  the  heater  be  well  de- 
signed. 

2.  Single-Cylinder  Condensing  Engines — Two 
cases  are  to  be  considered,  engines  with  a  condenser  in 
tandem  and  engines  with  the  condenser  below. 

In  the  first  case  the  water  can  accumulate  in  the  pipe 
between  the  condenser  and  the  cylinder  because  this  pipe 
is  closed  at  both  ends  and  forms  a  pocket.     The  water 


bi'ouglit  in  with  the  steam  and  which  accumulates  in  this 
pocket  if  precautions  are  not  taken  against  it,  may  be 
drawn  into  the  cylinder  and  occasion  a  water  shock.  This 
accident  is  likely  to  happen  at  the  time  when  the  en- 
gine is  being  started  up  or  when  the  load  is  very  much 
diminished.  It  is  the  practice  of  the  Bollinckx  shops  to 
place  a  steam  loop  upon  this  ])ocket,  in  order  to  keep 
it  continually  empty. 

A  water  shock  may  liapjx'ii  to  tiiis  sort  of  an  engine 
from  a  defect  in  the  air  pump  or  through  mismanage- 
ment, such  as  neglect  to  close  the  injection.  The  pre- 
cautions recommended  are  to  carefully  drain  the  pipe 
and  to  provide  a  vacuum  breaker. 

For  compound  condensing  machines,  damage  by  water 
may  be  suffered  in  the  high-pressure  cylinder  by  reason 
of  insufficient  drainage  for  the  receiver,  and  every  pre- 
caution should  be  taken  to  see  that  it  is  well  drained. 

Although  it  is  true  that  water  entering  by  the  steam 
pipe  will  not  produce  a  damaging  shock  in  the  cylinder, 
it  is  well  that  the  pipe  connecting  the  engine  with  the 
boiler  be  provided  with  well  drained  separators. 

Osman  Regrinding   and  Pressure- 
Equalizing  Boiler  Check  Valve 

This  valve  consists  of  a  slotted  head  made  solid  with 
the  valve  stem.  The  slot  in  the  head  drops  automatically 
over  the  projection  of  the  valve  body.  On  screwing  out 
the  valve  stem,  the  valve  can  lift  from  its  seat. 

The  seat  can  be  reground  by  bringing  the  clutch  head 


Eegrinding  Check  Valve 

into  action  on  the  valve  wings,  and  screwing  in  on  the 
valve  stem  imtil  the  disk  and  seat  are  in  contact,  after  ap- 
jdying  to  the  valve  seat  a  small  amount  of  emery  or 
ground  glass.  This  operation  can  be  accomplished  with- 
out removing  the  valve  body  or  any  parts  except  to  mo- 
mentaril}'  loosen  the  combination  nipple  and  seat. 

The  valve,  which  is  made  by  Gustav  A.  Osman,  Decorah, 
Iowa,  has  a  combination  nipple  and  seat,  which  is  screwed 
into  the  body,  thus  permitting  of  removing  the  seat  for 
rei>air  or  examination. 

The  bridge  construction  at  the  port  entrance  of  the 
stem  to  the  valve  chamber  equalizes  the  distribution  of 
steam  pressure  under  the  disk,  thus  preventing  oscilla- 
tion of  The  disk  and  eliminating  the  tendency  of  excessive 
wear  on  the  side  of  the  disk  nearest  to  the  port  entrance 
of  the  stem  to  the  valve  chamber. 
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New  Manifold  and  Mixer  for  CO2 
Recorders 

B\  iloifc.vN  Ji.  S.Mriii 
.SYNOPSIS — One  CO.  recorder  irill  sprrc  satisfactorily 
four  boilers  if  ilic  (/axes  are  tlioroiujiili/  mixed  in  llie  de- 
vices descril) ed  here irilli. 

In  a  great  niaiiy  boilur  stations  tlie  need  of  a  I'O^ 
recorder  is  felt,  but  eonsitlerable  hesitancy  is  almost 
always  shown  to  purchase  a  single  recorder  where  there 
are  more  than  oue  or  two  boilers.  As  a  matter  of  fact 
no  such  hesitancy  should  l)e  shown,  for  it  is  a  proven  fact 
that  a  single  recorder  operating  on  as  many  as  four  boil- 
ers is  a  good  investment,  providing  the  results  are  fol- 
lowed up  with  the  firemen.  Of  course,  one  recorder  for 
each  boiler  is  the  ideal  installation.  Imt  with  a  proper 
mixing  of  the  gases  from  two  to  tour  boilers  much  valu- 
able data  may  be  obtained. 

In  a  number  of  plants  with  which  the  w liter  is 
familiar,  it  is  the  custom  to  hitch  up  four  lioilcrs  with 
each  recorder,  sending  the  combined  gases,  after  thorough 


FUi.  1.  C'OXXKCTIOXS  TO  MaxiI'-old  Mixicit 

mixing,  to  the  recorder,  which  then  analyzes  the  gases 
for  CO  ,  and  so  gives  a  measure  of  the  combined  efficiency 
of  the  four  boilers. 

In  these  same  plants  it  is  also  the  custom  to  send  the 
gases  from  one  boiler  to  the  recorder  for  periods  of 
from  two  to  seven  days  in  order  to  get  a  general  average 
of  the  perfornuuice  of  the  single  boiler.  By  switching 
from  oue  boiler  to  another  it  is  possible  to  keep  very 
close  record  on  the  individual  efficiency  of  single  boilers 
in  a  large  plant  with  only  one  recorder  to  each  four 
boilers. 

The  new  manifold  is  in  reality  a  combined  manifold 
and  mixer.  The  manifold  is  not  as  efficient  a  mixer  as 
the  mixer  proper  but  is  especially  useful  where  the  re- 
corder suction  is  somewhat  w^eak  owing  to  lack  of  head 
in  the  water  supply  or  for  other  reasons  is  unable  to 
overcome  the  back  ]iressure  imposed  upon  the  .system  by 
such  a  device  as  the  mixer  proper. 

Fig.  1  shows  the  manifold,  as  now  installed  in  several 
power  stations  iu  the  State  of  Michigan,  together  with 
the  necessary  connections,  etc.  The  manifold  proper  con- 
sists of  a  length  of  2i/^-in.  iron  ])ipe  18  in.  long  fitted 
with  gas-tight  caps  at  each  end.  The  gas  sampling 
pipes  from  the  boilers,  four  to  a  manifold,  enter  the  lower 
side  and  are  spaced  equidistant  from  each  other.  These 
sampling  pipes  are  %  in.  in  diameter  and  are  fitted  with 
asbestos-paeked   cocks. 

"Within  the  manifold  is  ])laced  a  baffle  plate  of  fiat  iron 
perforated  at  each  end  with  a  single  row  of  I'V-iu-  holes, 


leaving  a  strip  of  solid  metal  at  the  center.  This  ]iii(e 
is  18  in.  long  and  lies  within  the  larger  pipe  in  a  iiori- 
zontal  ])osition.  Its  width  is  2i/^  in.,  so  that  it  lies  a 
little  below  center  in  the  manifold. 

As  apjjarent  in  the  sketch  gases  from  boilers  2  and  3 
are  thrown  to  the  ends  and  are  forced  to  mix  with  the 
gases  from  boilers  1  and  4,  passing  upwards  then  through 
the  holes  in  the  baffle  plate  into  the  large  spac:;  above 
the  baffle  plate,  from  which  the  exit  pipe  carries'  tlie 
combined  and  mixed  gases  to  the  gas  filter  above. 

Between  the  manifold  and  the  filter  is  placed  a  cross 
fitting  with  a.  ]).  cocks  on  three  legs,  so  that  the  filter 
may  be  bypassed  when  necessary  and  .so  that  the  gas 
sampling  lines  from  the  boilers  may  be  blown  out  with 
compressed  air  at  regular  intervals. 

At  the  lower  side  of  the  cross  shown  at  the  junction 
of  the  regular  gas  line  after  the  filter  and  the  bypass,  is 
shown  .a  plug,  which  may  be  removed  readily,  and  the 
whole  line  cleaned.  This  is  also  a  handy  place  to  attach 
the  sampling  tube  of  the  Orsat  C'O^  analyzer  Mhen  it  is 
thought  necessary  to  check  the  recorder. 

In  the  compressed-air  line,  by  means  of  which  the 
whole  system  of  sampling  pipes  and  manifold  may  be 
blown  out  at  regular  invervals,  there  is  a  vented  a.  p. 
cock  between  the  ordinary  a.  p.  cock  and  the  line  between 
the  manifold  and  the  filter.  This  is  simply  a  precau- 
tionary feature  serving  to  protect  the  gases  passing  be- 
tween the  manifold  and  the  filter  into  the  recorder  from 
dilution  with  air  from  the  compressed  air  line.  Need- 
less to  say  this  vent  cock  is  faced  in  such  a  manner  as 
to  take  care  of  any  leakage  from  the  air  line. 

It  is  readily  seen,  by  reference  to  Fig.  1,  that  any  one 
or  all   of  the  gas  lines  from  the  boilers  may  be  Ijlowii 
out   whenever  desired  and  that  ga.ses  from  one  or  nujre  , 
of  the  boilers  may  be  sent  through  the  manifold  mixer 
and  analyzed  in  the  recorder. 

Throughout  only  asbestos-])acked  coiks  have  been 
shown,  no  valves  whatever,  as  it  has  been  found  by  re- 
peated tests  that  valves  are  not  as  well  suited  to  sudi 
utilities  as  cocks.  Only  such  cocks  should  be  used  as  are 
reliable,  for  any  leaks  i)ast  these  cocks  will  be  noted  by 
the  recorder  and  wrongly  charged  up  against  the  com-i 
bustion. 

The  ordinary  tell-tale  bottle  shown  Just  ahead  of  the.i 
recorder  needs  no  comment  beyond  stating  that  it  isi 
used  merely  to  show  the  rate  of' gas-aspiration  through, 
the  manifold  an<l  to  detect  stoppage  in  the  gas  lines. 
Only  one  is  sliowu.  there  being  another  such  bottle  con- 
nected in  parallel  with  the  one  shown,  which  acts  as  a> 
seal  so  long  as  the  sampling  lines  are  open,  Init  whieUi 
immediately  blows  when  a  sto]ipage  occurs.  The  filter  is 
jiroxidcd  with  unions  above  and  below  so  that  it  may  be, 
easily  removed   for  cleaning  and  repacking. 

The    mixer    is    more    complicated    than    the    manifold) 
mixer  just  described,  but  gives  better  mixing,  and,  where 
the  sui-tidu  prox  idcil  by  the  recorder  is  sufficiently  sti'    - 
to  oxeri'ome  the  added  Ijai'k  ]iressure  on  the  system,  i- 
be  preferred  in  many  ways  to  the  numifold  mi.xer. 

The    |irinciple    in\olve(l    is    that    of   the   gas   .scruliln  r. 
ina.smuch   as   the  gases,   rising   through   the   mixer.   :ir' 
forced  back  and  forth  from  the  center  to  the  sides  niK 
back  to  the  center,  etc.,  by  means  of  baffle  plates.     Tl 
baffle  ]5lates  are  perforated  with  many  Vs-in.  holes  - 
centrically,   leaving   a   solid   circular   area   at   the  ccnui 
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3out  iy2  ill-  '"  diameter.  The  number  of  baffle  plates 
I  the  mixer  may  be  varied  according  to  the  amount  of 
IS  passing,  the  ordinary  arrangement  for  gases  from 
lur  boilers  being  from  four  to  six  baffles. 
Tlie  body  of  the  mixer  consists  of  a  piece  of  -i-iii. 
ipe  about  10  in.  long  fitted  with  caps  at  each  end 
irougb  which  pass  the  inlet  and  outlet  pipes.  The 
iffles  are  so  Iniilt  that  they  support  each  other  and 
i-e  readily  removable  for  cleaning  from  time  to  time. 
ig.  "•'  shows  the  general  design  of  the  mixer. 
The  baffle  plates  may  be  easily  made  from  sheet  brass 
r  galvanized  iron.  They  are  then  fitted  with  the  legs 
hich  also  act  as  sjiacers.  All  the  baffle  plates  may  be 
ildered  together  as  a  unit  or  in  pairs  consistiag  of  one 
at  baffle  and  one  curved  baffle.  They  should  be  so 
tted  that  they  make  a  fairly  tight  joint  with  the  inner 
alls  of  the  containing  pipe,  but  must  be  readily  re- 
loved  for  cleaning  from  time  to  time.  Tt  is  necessary 
to  use  a  manifold  between 
this  mixer  and  the  boilers 
so  as  to  combine  the  gases 
before  entering  tlie  mixer. 
It  has  been  found  that  this 
type  of  mixer  gives  excel- 
lent results,  the  only  fea- 
ture not  always  feasible  be- 
ing the  added  back  pres.sure 
(in  the  system. 

The  foregoing  descrip- 
tions are  given  in  the  hope 
that  they  may  be  of  value  to 
])lant  operators  who  an^ 
bi'sitating  with  regard  to 
I  he  advisability  of  purchas- 
ing only  one  recorder  for 
their  plant  when  they  feel 
lliat  a  larger  number  is 
]■  call  y  imperative.  The 
writer  can  assure  such  oper- 
ators that  very  good  results 
may  be  gotten  from  one  re- 
corder to  each  four  boilers 
if  the  gases  are  ])ro]5erlv 
•cordcr.  ' 

note  of  the  fact   that 
ases   from   the   several 
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uxed  before  entering  the 

It  is  hardly  necessary  to  mak 
le  rates  of  aspiration  of  the 
Dilers  must  be  nearly  the  same  in  order  that  the  result- 
it  mixture  of  gases  may  be  an  average  from  the  several 
filers.  A  tell-tale  bottle  placed  in  each  sampling  line 
Hween  the  boiler  and  the  manifold  or  mixer  will  tell 
'/  a  glance  the  rate  of  aspiration  by  the  nuinber  of 
tbbles  observed  per  minute. 

Periodical  and  regular  checking  of  the  recorder  and 
e  piping  by  means  of  the  ordinary  Orsat  analyzer  or 
niilar  device  is  important.  Unless  one  knows  that  the 
jping  is  airtight  and  that  the  recorder  is  actually  giv- 
g  correct  results,  within  the  limits  of  such  apparatus, 
1  precautions  as  to  correct  sam]>ling  and  mixing  are 
|eless  and  results  valueless. 

[The  above-described  manifold  mixer  was  designed  by 
*.  G.  Connelly,  chief  engineer  of  the  Papid  Railway 
h.'s  power  station  at  N"ew  Baltimore.  Mich.,  for  u.se 
|th  the  rccoi-ders  at  that  station,  and  has  been  in  service 
tsuffieient  time  to  liave  proven  its  adaptability  and  value 


for  such  a  utility.  Some  modifications  in  the  original 
design  were  made  by  H.  L.  Seheibner,  assistant  combu.s- 
tion  engineer  with  the  Detroit  United  Lines,  of  which 
the   Rapid  Railway  Co.  is  a   [)art. 

Building  an  Addition  to  a  Foundation 

By   W.    II.   Wakkmax 

The  designing  engineer  of  a  certain  steam  plant  laid 
out  two  foundations  for  two  direct-connected  units  which 
were  properly  laid  down,  and  foundation  bolts  were  placed 
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in  both  foundations,  but  only  one  was  utilized  at  the 
time.  After  several  years  more  current  was  wanted,  and 
a  different  unit  was  purchased  which  required  a  larger 
foundation,  as  shown  at  .1  in  the  illustration. 

The  cap  on  this  foundation  consisted  of  a  granite  block 
about  12  in.  thick,  which  required  additions  at  one  end 
and  side.  Earth  was  removed  from  between  the  two 
original  foundations  and  the  space  filled  with  a  mixture 
of  crushed  stone,  cement  and  sand,  which  stood  for  sev- 
eral weeks  before  the  new  engine  was  started.  An  ex- 
cavation was  also  made  at  the  end  of  the  old  foundation 
and   the  space  filled  with  a  concrete  mixture. 

Extensions  for  the  capstone  were  made  of  granite  blocks 
and  accurately  fitted,  care  being  taken  to  have  them 
firmly  imbedded  in  the  cement.  The  top  of  the  fouiida- 
tinii  addition  was  left  rough  to  all'or<l  a  good  hold  for 
the  I'resh  cement,  this  nictlioil  oF  construction  offering 
less  chance  for  settling.  Tbc  oi-igiiial  foundation  was 
eight  years  old  at  this  time,  and  having  become  very 
bai'd,  would  neither  shrink  \w\  settle,  although  the  addi- 
tion   did    b(>forc  the  granite   cap   was   laid. 

Some  of  the  original  touiidation  bolts  were  utilized, 
but  Fou;-  new  ones  were  i)ut  in.  tbi-cc  of  which  came  in 
the  edse  of  the  old  foundation  as  shown  at  B.  They 
were  cemented  in  place  so  that  it  is  impossible  to  pull 
them  out  by  .screwing  down  the  nuts.  Tlie  other  anchor 
holt  was  fitted  with  a  square  head  and  large  washer  and 
imbedded  in  the  concrete. 

This  unit  has  been  in  service  for  about  two  years,  and 
cracks  have  developed  between  the  main  capstone  and 
the  additions,  thus  showing  the  benefit  from  giving  care- 
ful attention  to  details. 
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Revelations  of  Some  Damaged  Boilers* 

Altogether  eighteen  cases  of  aeeidents  were  taken  np, 
five  of  which  were  fully  investigated,  as  follows: 

A.  A  lower  shell  plate  of  a  double-fliie  boiler  built  in 
1892  for  seven  atmospheres  (above  atmospheric)  pressure, 
with  a  heating  surface  of  !)7!>  sq.ft..  after  l)eing  started 
up  for  three  hours  on  blast-furnace  gas  and  under  three 
atmospiieres  pressure,  was  ruptured  in  the  fourth  girth 
seam.  The  crack  extended  over  eight  rivet  holes  and  ran 
into  the  solid  plate,  so  that  the  boiler  was  emptied. 

The  investigation  showed  that  the  material  cannot  be 
pronounced  inadequate,  but  that  the  rivet  holes  were 
punched.  It  is  to  be  assumed  that  fine  cracks  were  thus 
produced  and  gradually  increased  during  service,  finally 
leading  to  a  complete  break.  Such  fine  cracks  were 
noticed  extending  from  the  parts  distorted  by  punching. 

B.  The  second  case  was  that  of  a  front  head  of  an 
eccentric  corrugated  flue  boiler  of  862  sq.ft.  heating  sur- 
face, built  in  1902  for  12  atmospheres  pressure.  After 
renewing  the  first  flue  section,  which  had  been  bent  some- 
what by  use  of  oil  and  grease  and  miwh  bent  by  the  hy- 
draulic test  whiih  followed,  a  crack  in  the  round  corner 
at  the  edge  of  the  flue  was  observed  at  the  time  of  clean- 
ing. This  crack  was  almost  through  and  extended  over 
half  of  the  head. 

The  iieighboring  parts  were  covered  with  numerous 
fine  parallel  cracks.  It  can  well  be  assumed  that  the 
main  crack  was  produced  by  extension  and  running  to- 
gether of  such  originally  small  ones.  Nothing  could  be 
learned  as  to  their  cause.  Perhaps  very  fine,  unnoticed 
cracks  were  caused  by  the  flanging  of  the  head.  Per- 
haps, also,  a  hea\y  stress  on  the  head  was  produced  by 
the  bending  of  the  bagged  flue.  The  material  tests  all 
gave  satisfactory  results. 

C.  The  third  case  concerned  a  shell  plate  from  the 
last  belt  of  a  double-flue  boiler  of  915  sq.ft.  heating  sur- 
face built  in  1908  for  8  atmospheres  pressure.  During 
cleaning  it  was  noticed  that  water  leaked  from  a  crack. 
The  test  piece  submitted  was  a  part  of  the  shell  plate. 

The  belt  in  question  lay  on  a  baffle  of  the  setting  and 
showed  cracks  extending  through  the  part  supported  near 
the  girth  seam,  and  also  strong  corrosion  on  the  outside. 
By  the  various  etching  tests  and  photomicrographs  it  was 
perceived  that  the  crack  followed  the  etlges  of  the  ferrite 
grains,  whence  it  is  judged  that  the  cracking  was  caused 
by  strong  alternate  stresses  upon  the  plate.  This  assump- 
tion is  strengthened  by  the  fact  that  the  feed  pipe  ended 
just  over  the  damaged  place.  The  cracks  are,  therefore, 
very  probably  due  to  the  circumstance  that,  in  cleaning, 
cold  water  was  let  upon  the  not  sutficiently  cool  plates. 
The  composition  of  the  material  was  shown  by  the  tests 
to  be  normal. 

I).  The  fourth  case  had  to  do  with  three  shell  plates 
of  a  double-flue  boiler  having  616  sq.ft.  of  heating  sur- 
face, which  was  built  in  1894  for  six  atmospheres  pres- 
sure. At  the  time  of  a  regular  hydraulic  test,  leaks  were 
found  in  the  girth  seams.  On  calking  these  places,  a 
piece  about  four  inches  long  broke  out  of  the  edge  The 
rivets  there  were  then  removed  and  the  piece  chiseled  out. 
Various  cracks  Avere  now  seen  running  from  hole  to  hole 


►Report  presented  by  Chief  Engineer  Biitow.  for  the  com- 
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of  the  seam  and  several  cracks  in  tlie  edges  of  the  holes. 
After  repairs,  and  during  the  hydraulic  test,  there  oc- 
curred, at  another  girth-seam  rivet  hole,  hair  cracks  which 
hardly  were  moistened.  After  this  piece  also  had  been 
cut  out  several  cracks  ai)i)('rtrcd  not  only  in  it,  but  also  iu 
the  underlying  plate. 

Investigation  shows  that  the  livet  lu)les  had  Ijeen 
]iunchcd.  It  was  determined  also  that  the  sheet  was  so 
bent  that  the  jjunching  burr  lay  outward.  Thereiiy  were 
]iroduced.  from  the  start,  fine  hair  cracks  extending  from 
the  rivet  holes. 

Ball-]nessure  tests  of  the  material  showed  a  considci- 
ably  greater  hardness  at  the  edges  of  the  rivet  holes  than 
in  the  other  parts  of  the  sheet,  the  hardness  figures  being 
160  to  200  against  120  to  140.  A  bending  test  embracing 
two  rivet-hole  edges  resulted  in  a  .smooth  break  at  these 
edges.  The  sheet  was,  therefore,  very  brittle  in  the 
vicinity  of  the  holes.  This  brittleness  must  liave  been 
caused  at  the  time  of  riveting,  perhaps  by  the  heavy  calk- 
ing of  the  rivet  heads.  Several  unfavorable  circum- 
stances have,  therefore,  cooperated  here  to  form  the  crac  ks. 
Ill  addition  came  a  not  altogether  jjroper  method  of  IjIou- 
ing  ort'  the  boiler  in  .shutting  down,  for  the  too  sudden 
cooling  produced  strains.  The  percentage  of  oxygen,  sul- 
phur and  calcium  was  found  to  be  somewhat  higher  than 
is  good  jn-actice  today  for  boiler  plates.  Notwithstanding, 
the  material,  according  to  the  other  tests,  couhl  not  be 
pronounced  unsuitable. 

E.  The  last  case  was  that  of  three  tnbes  in  a  water- 
tube  boiler  of  3229  sq.ft.  heating  surface,  built  iu  1911 
for  13  atmospheres  pressure.  It  had  been  in  service  for 
45^  shifts  when  a  water  tube  of  the  lowest  row  ruptured 
for  10  in.  The  ruptured  bulge  was  on  the  bottom  and 
the  tube  was  l)eiit  upward  by  the  reaction.  Several  other 
tubes  were  badly  bagged. 

Eight  after  the  accident,  it  was  determined  that  the 
metal  of  the  ru]>tured  tube  at  the  jilace  of  the  crack  was 
not  drav.ii  so  thin  as  elsewhere.  In  the  back  part  of  the 
tube  was  found  thin  .scale:  in  the  rear  header  of  the 
tubes  was  a  layer  of  scale  pieces  two  inches  deep. 

By  microscopic  investigation  it  was  found  that  at  the 
bagged  places  a  strong  decarbonization  and  coarsening 
of  the  structure  had  taken  place;  the  size  of  grain  was 
six  times  as  great  as  iu  the  immediately  neighboring  parts 
of  the  tube,  therefore,  a  sharp  local  overheating  had  oc- 
curred, and  this  had  caused  the  tube  to  burst. 

The  18  cases  of  accident  submitted  from  September, 
1907,  to  the  beginning  of  1912  occurred  in  16  instances 
with  stationary  steam  boilers,  in  one  with  a  locomobile 
boiler  and  in  another  with  a  steam  drum  or  tank.  In 
the  17  boiler  accidents  the  material  was  mild  steel  while 
the  drum  was  made  of  Avrought  iron. 

If  the  cases  be  classified  according  to  the  causes  of 
the  accidents,  as  they  appeared  upon  the  tests,  in  only 
two  cases  must  the  blame  be  charged  to  the  material 
alone,  while  in  a  third  case  other  conditions  were  super- 
added. In  three  more  cases  the  cause  of  the  disasters  was 
faulty  workman.ship ;  a  water  tube  called  .seamless  proved 
to  be  badly  welded  and  twice  old  welded  cracks  broke  open 
again.  In  six  cases  the  punching  of  the  rivet  holes  is  ac- 
cepted as  the  cau.se,  in  another  case  faulty  design — an 
inadequately  stayed  head.  Too  quick  shutting  down  and 
introducing  cold  water  into  the  insufliciently  cooled  lioiler 
led  to  two  disasters.  In  three  more  isstances  water  tubes 
were  burst  by  scale  and  overload. 
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Tests    on   Small  Gasoline  Engines 


TK.ST   DATA 


liV    V 


M.  Axi)  E.  A.  Wiiiii; 


Siiico  till'  coniiiu'rrial  (levelopnifut  of  tlic  intenial- 
Loiulnistion  engine,  many  experiments  ]iave  been  eon- 
ducted  on  the  lai-o-er  types  of  engines  for  various  pur- 
]joses.  The  small-farm  engine  is  a  more  recent  develop- 
ment, but  is  iHiw  attracting  the  attention  of  people  who 
fdnuerly  thought  this  a  too  elementary  field  for  their 
ciiileavors.  The  results  of  the  AVinnii)eg  motor  contest 
liaxc  brought  about  increasing  interest  in  the  application 
oT  |iuwer  to  the  large  farms  of  the  Western  states,  but 
licro  again  they  have  ignored  the  small  stationary  and 
semi-portable  engines.  As  yet  there  is  little  knoAvledge 
ill  ri'gard  to  the  performance  of  the  smaller  types.  This 
•\Mirk  was,  therefore,  undertaken  to  determine  the  fuel 
consumption  in  pounds  per  horsepower-hour  for  varying 
loads  of  the  small  (3-  to  10-hp. )  internal-combustion  en- 
gine using  gasoline  as  fuel. 

For  this  work  three  general  classes  were  selected,  rang- 
ing in  jHiwcr  from  3  to  41/2,  5  to  7,  and  8  to  10  hp. 
These,  for  convenience,  were  classified  as  3-,  6-  and  10-hp. 
sizes.  Twelve  engines  were  used,  four  representing  each 
of  the  three  general  classes.  With  one  exception,  one 
engine  of  each  class  was  obtained  from  the  same  manu- 
facturer, and  each  engine  was  tested  under  no  load,  one- 
i|iiarter,  one-half,  three-cjuarters  and  full  load. 

DEst'iiiPTioN  OF  Engines 
Table   1   gives  a  brief  description  of  the  engines  used 

in  the  tests  which  are  numbered  from  1  to  12. 

The   gasoline   used    had   a   specific   gravity    (if    O.'I.'WG 

(liaume,  50.55)    and  contained  30,800  B.t.u.  per  lb. 

illCTHOD.S    OF    C'OXDUCTIXG    TeSTS 

The  prony  brake  was  used  to  apply  the  various  loads 
and  in  order  to  obtain  the  quarter,  half  and  three-quarter 
loads,  preliminary  tests  were  first  conducted  in  order  to 
find  ihc  majiimum  capacities  of  the  engines.  As  the 
speed  111  an  engine  increa.ses,  with  the  same  setting  of 
the  governor,  under  the  lighter  loads  the  resulting  horse- 
power is  slightly  more  than  quarter,  half  or  three-quar- 
ters of  the  maximum  horsepower;  in  these  tests  the 
governor  was  not  changed  except  on  engines  Xos.  2  and 
3.  The  rated  horsepower  of  the  engine  was  not  considered 
ill  deterniining  the  maximum  load  the  engine  could  carry, 
as    all     com])aiiics     manufacturing     engines    allow    for 

TABLE  I-     ENGINE  DETAIL? 
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Ignitir)!!  source,  battery  (B),  magneto  (M) " 

Carburetor,  pump  feed  (P.F.)   gravity  feed  (GF.)  suc- 
tion feed  (SF.) 

All  the  engines  were  hit-and-miss  governed,  and  all 
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The  leugtli  of  time  required  for  the  iiulivichial  U'st.< 
varied,  with  oue  exeei^tioii,  from  two  to  three  liours. 
The  length  of  time  for  each  test  depended  upon  the  time 
required  to  bring  the  fuel  eonsnm]>tion  approximately 
constant,  this  time  varying  from  15  to  45  miu.  The 
tests  were,  therefore,  made  of  such  length  as  to  giye  two 
hours  of  consecutive  running  under  favorable  conditions. 

Table  2  gives  the  summaries  of  the  computations  of 
the  original  data.  In  securing  these  summaries,  only  the 
last  two  hours  of  the  individual  tests  were  used. 

The  cost  of  fuel  per  brake  horsepower-hour  is  esti- 
mated  on   the  basis   of  gasoline  costing   16c.   per  gal. 

lRlfEGULAl!rri]5S  IN  Data 

The  data  given  under  description  for  engine  Xo.  1 
show  that  the  spark  was  not  advanced  as  far  as  in  the 
other  engines.  This  engine  also  ran  above  the  rated 
revolutions  per  minute,  which  accounts  for  the  relatively 
large   horsepower    it    developed. 
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2.   .Showing   TniK   ]?i;QL'iiiED   fok  Jackht-'Water 

TEMPEKATriiE    TO    BeCOIFE    CONSTANT 


The  data  given  in  the  fifth  test  for  engine  ISTo.  1'? 
represents  a  one-liour  run.  In  all  maximum-load  tests, 
the  pounding  became  so  excessive  that  although  four 
trials  were  made  the  test  could  not  be  run  to  completion. 

Conclusions 

So  much  time  was  required  for  running  the  individual 
tests  that  it  is  important  to  find  out  at  what  point  the 
fuel  consumption  becomes  constant.  The  fuel  consump- 
tion is  plotted  against  time  in  minutes  and  is  shown  in 
Fig.  1  for  the  no-load  test.  This  shows  that  the  fuel 
consumption  became  ]iractieally  constant  in  90  min. 

The  fuel  consumption  for  the  quarter-load  tests  showed 
a  tendency  to  become  constant  after  75  min.,  and  for  one- 
half  load  after  60  min. ;  the  fuel  consumption  for  three- 
quarter  load  was  constant  after  45  miu.,  and  for  the 
maximum  load  after  15  min.  These  results  indicate  that 
the  lighter  the  load,  the  longer  it  takes  the  fuel  con- 
sumiition  to  become  constant. 


The  curves  plotted  in  Fig.  2  show  the  time  required 
for  the  temperature  of  the  jacket  water  for  the  various 
loads  to  become  constant.  The  average  temperatures  of 
the  jacket  water  for  all  the  engines  under  the  various 
loads    arc    taken    at    fifteen-minute    ])eriods. 

Table  3  gives  a  compari.son  of  the  time  required  for  the 
fuel  consumption  and  temperature  to  become  con.stant  for 
the  ditfereut  loads. 

This  shows  that  the  fuel  consumption  becomes  con- 
stant before  the  temperature  of  the  jacket  water,  which 
would    indicate   that    if   some    means   were    employed    to 


TABLE  HI 
le  :it   which  fuel 


Time  at  which  temi>- 
peraturo  of  jacket 
became  can.stant 


heat  the  water  in  the  jacket,  the  length  of  the  tests  could 
be  materially  shortened  without  atfecting  the  accuracy  of 
the  data. 

Fig.  3  shows  the  fuel  cousum|)tioii  in  pounds  ])cr  lior.^c- 
power-hcur  ])lotted  against  the  different  loads  for  the  three 
general  classes  of  engines.  These  values  were  found  by. 
taking  an  average  of  the  .separate  fuel  consumptions  for 
all  the  engines  in  the  class  at  llie  given  load. 
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(!lass 

The  curves  show  that  for  the  3-  and  5-  to  7-hp.  en- 
gines the  grreatest  fuel  economy  is  at  the  three-quarter 
load,  while  for  the  8-  to  10-hp.  engines  the  greatest  econ- 
omy was  secured  at  the  maximum  loads.  This  discrep- 
ancy may  be  explained  by  the  fact  that  the  true  maximum 
loads  of  the  larger  engines  were  not  reached  in  the  tests. 

It  is  reasonable  to  assume  tliat  it  takes  the  same 
amount  of  fuel  to  carry  the  friction  load  of  the  engine 
without  regard  to  the  horsepower  being  developed.  If 
this  is  the  chief  factor  in  determining  the  fuel  economy 
at  ditt'erent  loads  then  if  no  other  factors  enter,  the 
greater  the  load  carried  the  less  will  be  the  fuel  used 
]5er  brake  horsepower  hour.  In  order  to  study  this  the 
curves  in  Fig.  4  were  plotted.  Here  the  pounds  of 
fuel  per  horsepower-hour  are  obtained  for  each  class  of 
engines  by  subtracting  the  total  fuel  used  in  the  no-load 
tests  from  the  total  fuel  consumed  in  the  test  for  the  one- 
quarter,  one-half,  three-quarter  and  maximum  loads. 

These  curves  tend  to  show  that  up  to  three-quarter 
load  the  friction  load  of  the  engine  is  the  chief  factor 
in  determining  the  fuel  economy.  The  3-lip.  and  5-  to 
7-h]).  classes  show  that  from  three-quarter  to  maximum 
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load  otiier  factors  enter  which  cause  a  very  rapid  iucreat^e 
in  the  fuel  consumption  per  liorsepower-hour,  while  the 
10-hp.  class  shows  little  increase.  This  would  be  ex- 
pected as  these  larger  engines  did  not  reach  tlieir  maxi- 
mum horsepower.  The  smaller  engines  when  running 
at  maximum  loads  in  most  cases  developed  ])ounding  in 
the  cylinder  not  noticeable  at  other  loads,  which  point 
bears  out  the  general  conclusions  shown  from  the  curves 
that   at   ma.xiniurn    loads   new   factors    (probal)ly   due  to 
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The  curves  in  Fig.  5  indicate  the  proper  size  of  engine 
to  select  iu  so  far  as  fuel  consumption  is  concerned.  In 
these  curves,  the  fuel  consumed  per  horsepower-hour  is 
plotted  against  the  horsepower  developed  for  the  three 
classes  of  engines,  having  an. average  ijiston-displaccment 
of  55.7,  90.4  and  1 25. 4  ft.  per  min.,  Avliich  corresponds 
to  the  3-,  6-  and  10-hp.  clashes  as  previously  used.  The 
basis  of  division  according  to  piston  displacement  is 
somewhat  nearer  an  absolute  classification  than  the  rated 
horsepower.  These  curves  show  tliat  from  1.7  to  3  h]i. 
the  engines  having  a  piston  displacement  of  90.4  eu.ft. 
per  min.  are  just  as  economical  as  those  having  a  piston 
displacement  of  5.'). 7  cu.ft.  per  min.,  and  that  the  larger 
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i  displacement  is  more  economical  from  3  to  4  hp.  From 
j  4  to  6.75  hp.,  the  engines  having  an  average  displaee- 
i  ment  of  90.45  cu.ft.  per  min.  are  more  economical  than 
I  those  having  a  displacement  of  125.4  cu.ft.  per  min.,  and 
.  from  6.75  to  10  hp.     The  larger  displacement  gives  the 

most  economical  results. 
\      From   the   foregoing  it   may  he   concluded   that  from 
1  1  to  6.75  hp.  the  engine  having  a  displacement  of  90.4 
j  cu.ft.  per  min.  corresponding  to  a  rated  6-lip.  engine  is. 
I  in  so  far  as  economy  in  fuel  consumption  is  concerned. 


the  most  desirable  engine.  This  eliminates  those  engines 
having  an  averag'^  piston  displacement  of  55.7  cu.ft.  per 
min.,  corresponding  to  3  hp.  For  horsepowers  above  G.75, 
tlie  engines  having  a  piston  displacement  of  125.4  cu.ft., 
or  the  10-hp.  engine,  would  be  the  most  desirable. 

Explosion  in  Muffling  Chamber 

A  rather  unsual  accident  oceurred  recently  at  the  Seat- 
tle Engineering  School,  Seattle,  Wash.  In  their  gas- 
engineering  laboratory  seven  or  eight  gas  engines  arc 
piped  into  a  common  exhaust  line,  which  leads  into  a 
muffler  just  outside  the  building.  This  muffler  is  a  con- 
crete chamber  five  feet  wide,  nine  feet  long  and  four  feet 


Exhaust  I'ipk  afti:i;  Ivkplosign 

deep.  The  entire  chamber  is  uiidi'r  gioiiiid.  At  one  end 
of  this  muffling  chamber  is  a  10-in.  galvanized-iron  stack 
about  35  ft.  long  for  carrying  off  the  exhaust  gases;  thi^" 
extends  to  the  roof  of  the  laboratory. 

At  the  time  of  the  explosion  the  only  engine  running 
was  a  -IS-hp.  four-cylinder  Cadillac  automobile  engine. 
In  testing  out  the  ignition  system  students  tried  to  run 
the  engine  on  each  cylinder  alone,  holding  down  the 
induction-coil  vilirators  of  three  cylinders.  This  opera- 
tion was  continued  for  some  time  before  the  instructor 
knew  just  what  was  going  on,  being  busy  elsewhere.  All 
the  gas  which  was  not  being  burnt  was,  of  course,  being 
exhausted  into  the  muffling  chamber.  Finally  enough 
had  collected  there  to  cause  a  violent  explosion.  Al- 
though the  explosion  gave  no  violent  report,  it  split  the 
walls  of  the  muffling  chamber  in  a  number  of  places  and 
also  the  concrete  jiedestal  supporting  the  stack.  What 
hai>pencd  to  the  stack  is  shown  by  tlie  accompanying 
illustration. 

Geo.  W.  Muench. 
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Operating  Economics  in  Heating 
Large   Factory    Buildings 

lu  a  i)aper  read  Ijoiore  the  Xatioiial  Distriit  Heating 
Association  at  Indianapolis,  Edward  L.  Wilder  showed 
how  the  Eochester  Ky.  &  Light  Co.  had  heeu  aide  to 
effect  eeouomy  iu  the  operation  of  the  heating  systems 
of  two  of  its  large  customers.  In  these  particular  cases, 
intermittent  heating  gave  better  results  than  a  continuous 


perature  during  the  night  hours.  Upon  recommendation 
care  was  taken  to  see  that  at  the  end  of  the  working  day 
all  windows  were  closed  and  the  steam  entirely  shut  off, 
turning  the  steam  on  in  the  morning  in  time  to  make  the 
factory  eomfortahly  warm  at  7  o'clock. 

Fig.  1  shows  a  typical  week's  record  of  the  recording 
thermometer,  taken  after  the  recommendations  had  Ijeen 
put  into  effect.  It  may  be  noticed  that  the  temperature 
falls  off  gradually  during  the  night  hours  and  on  Sundav 


Fic.   1.    Typical  Wekks  Tem- 
rKiiATniE  Recokd 
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supply  of  steam,  but  the  conditions  were  not  equally 
favorable  for  both  methods.  The  discussion  following 
the  paper  favored  continuous  heating,  especially  when 
the  outside  temperature  was  below  30  deg.  F. 

The  first  case  was  that  of  a  factory  used  for  the  manu- 
facture of  automobiles.  It  is  a  well  constructed  brick 
building,  four  stories  high,  and  having  a  total  floor  area 
of  approximately  60,000  sq.ft.  All  the  heating  is  done 
by  direct  radiation.  The  installation  of  a  recording  ther- 
mometer showed  that  the  steam  was  left  on  tlie  build- 
ins  all  the  time,  and  there  was  a  decided  rise  in  tern- 


Mean    Outside   Temp..   Deg.  F 
Steaji  Used  for  Night  He.vting 

and  readily  responds  when  the  steam  is  turned  on  about 
6  o'clock  in  the  morning.  The  temperatures  of  TO  deg. 
and  over  shown  during  tiie  afternoons  were  unnecessarily 
high  for  a  machine  shop.  This  is  accounted  lor  by  the 
fact  that  the  thermometer  is  placed  iu  the  center  of  the 
room,  and  the  tem])eratures  near  the  windows  were  prob- 
ably somewhat  lower  than  recorded.  In  general,  the  pres- 
ent operation  of  the  system  is  satisfactory.  The  tem- 
perature record  is  for  the  week  commencing  Saturday, 
Jan.  IS,  1913,  and  the  outside  temperatures  as  recorded 
bv  the  weather  bureau,  are  as  follows: 
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Maximum        Minimum  Mean 

Saturday     .-  51  3"  40 

Sunday  35  29  32 

Monday 55  33  44 

Tuesday  33  23  2S 

Wednesdiiy.    ,  30  25  30 

Thursday 47  30  38 

Friday ,  - ,  3!1  31  33 

Td  sliiiw  till'  clVfit  (111  the  total  steam  used  for  lieat- 
iii.t;',  the  |iiiiiii(U  iif  strain  used  per  day  were  averaged  fur 
a  nuiuher  of  months,  and  plotted  against  the  average 
outside  temperature  for  the  same  months.  Tlie  results 
are  siiown  in  Fig.  3.  The  lower  curve  covers  a  period 
of  over  two  years  and  indicates  an  average  saving  of  .Vi 
per  cent. 

The  second  case  was  a  group  of  factory  buildings  witli 
a  ground  area  of  approximately  ?5,()00  sq.ft.  All  the 
buildings  are  of  good  brick  construction  varying  in  height 
from  five  to  seven  stories.  The  heating  is  mainly  by  the 
fan  system,  and  there  is  ])r(ivision  made  for  recirculating 
the  air  in  only  one  (if  tlie  hiiihliiigs,  which  forms  aj)proxi- 
mately  one-quarter  of  the  total  heating  load.  Preliminary 
investigation  showed  that  the  steam  was  left  on  the  heat- 
ing coils  all  the  time,  (hat  the  cold-air  openings  were 
not  closed  at  night,  anil  lliat.  if  the  weather  was  at  all 
severe,  the  fans  were  run  continuously.  The  installa- 
tion of  recording  thermometers  in  several  places  showed 
that  the  night  temperatures  often  ran  up  to  80  deg.  and 
over.  Several  tests  were  run  on  the  operation  of  the 
system  during  the  night  hours,  and  the  following  facts 
were  developed. 

With  the  cold-air  openings  closed  and  the  steam  entire- 
ly shut  off,  the  temperature  in  the  Iniildings  dropped  at  a 
rate  of  approximately  1  deg.  per  hour  in  severe  weather. 
When  the  steam  was  turned  on  the  coils  but  the  fan  not 
started,  the  ruitural  circulation  would  hold  the  tempera- 
ture approximately  constant.  AVhen  the  fans  were  started 
up,  the  temperature  of  the  buildings  rcsjiondcd  rather 
slowly. 

The  conditions  of  this  establishment  are  entirely  dif- 
ferent from  those  in  the  first  one  described.  In  the  first 
factory  the  work  requires  considerable  muscular  exertion, 
and  if  the  temperature  is  a  little  low  in  the  morning,  no 
particular  harm  is  done.  In  the  second  case,  a  great  deal 
of  the  labor  is  light  I)ench  work,  a  great  many  girls  are 
emi)loyed  in  certain  departments,  and  some  of  the  work 
in  progress  would  be  ruined  if  the  temperature  were  al- 
lowed to  get  too  low.  It  was  the  opinion  of  the  manage- 
ment that  the  temperature  shoiild  not  be  allowed  to  get 
much  below  65  deg.  at  any  time,  and  that  70  deg.  was  the 
desirable  temjierature  during  the  working  hours. 

Based  on  the  data  given  above,  the  following  schedule 
for  the  operation  of  the  heating  system  was  recommendcil. 

GENERAL  IN.STRUCTION.S 

5;30  p.m.  Close  cold-air  intake,  .stop  all  fiui.s.  turn  ofC 
steam   from  all  fan  coils. 

6  a.m.  Open  cold-air  intake.s.  Amount  of  opening"  to  Ije 
regulated  by  condition  of  temperature  and  wind  pressure 
outside.  If  temperature  in  any  building  gets  below  65  deg.. 
steam  must  be  turned  on  and  fans  stai'ted  in  such  Iiuildinff 
immediately. 

IP   OUTSIDE   TEMPERATURE    IS   ABOVE    JS    DECJ. 

4  a.m.      Turn   steam   on  fan  coils. 

6    a.m.      Start    fans    taking    air    from    basement,    except    in 
Building    7. 
IF  OUTSIDE  TEMPERATURE  IS  BETWEEN  3R   AND  45  DEG. 

3  a.m.     Turn  steam  on  coil  fans. 

4  a.m.      Start   fans. 

IP  OUTSIDE  TEMPERATURE  IS  BETWEEN  25  AND  35  DEG. 
6   p.m.      Turn   steam   on   coil   fans. 
3  a.m.      Start  fans. 


IF  temperature;  is  below  25  deg. 

6   p.m.      Turn   steam   on    coil    fans. 
1    a.m.      Start    fans. 

Fig.  o  shows  a  chart  from  the  recording  thermometer 
taken  before  this  schedule  was  ])ut  in  force,  and  Fig.  i 
shows  a  record  from  the  same  tliermometer  afterward. 
Fig.  ;!  shows  an  o]iei'ation  rather  licttcr  than  the  average 
and  Fig.  4  shows  in  a  les,ser  degree  the  same  "sawtooth" 
effect  secured  in  the  first  factory  described.  Following- 
are  the  outside  teiiijieratures  for  the  week  of  the  chart 
sluiwn   in   Fig.  4: 

Maximum        Mininmni  Mean 

Sunday 3.j  29  32 

Monday 55  33  44 

Tuesda\- 33  23  28 

Wedne.sday    ,  .  ,  36  25  30 

Thursday 47  30  38 

Friday 39  31  .35 

Saturday 51  30  40 

To  determine  what  eiunmny  luul  liceii  elVerteil.  the 
steam  used  during  the  night  hours  was  ]ilotleil  against 
the  corresponding  outside  temperature  in  Fig.  -■■).  The 
solid  dots  show  the  old  method  oT  operation,  and  the 
crosses  show  the  results  obtained  after  the  recommenda- 
tions were  in  force.  The  curves  drawn  give  the  average 
of  these  points.  The  total  steam  used  toi-  Inviting  showed 
an   average  decrease   of  :1".'   pel-   cent. 


Loss  C-aused   by  Elbows  in  Air 
Ducts* 

It  has  lieen  shown  liy  ditferenl  e\|icrimenlcrs  that  the 
loss  in  ])ressiire  in  healing  and  \entilating  systems 
through  a  sharp-turn  elhow  is  the  greatest,  and  that 
this  lof-s  gradually  decreases  as  tlic  I'adius  ol'  curvature 
of  the  elbow  is  increased.  In  tht-  ]ircsent  paper  the 
results  of  a  series  of  experiments  caiiied  on  at  the  testing 
plant  of  the  Buffalo  Forge  t'o.  are  given.  Two  sets  of 
experiments  were  carried  on :  the  first  to  determine  the 
effect  obtained  by  changing  the  radius  of  the  elbow;  the 
second  to  study  tlie  effect  of  reducing  the  throat  of  the 
elbow  to  the  theoretical  or  blast  area. 

The  general  arrangement  of  the  apparatus  used  in 
making  these  experiments  is  shown  in  Fig.  1.  It  com- 
prised a  blower  equipped  with  an  arrangeinent  for  vary- 
ing the  air  quantity — an  air-tight  lio.x  into  which  the  air 


Fig.    1.       AliUANGF.lIEM'  01' 

Tks'itxg  Api'AitATrs 


Fig. 


2.    Types  of  Elbow 
ITsED  in  Tests 


is  biowij — and  an  outlet  riom  llic  box  so  arranged  that 
the  different  elbows  or  littings  may  he  attached  and  theii' 
effect  studied.  The  disi'harge  outlet  was  fitted  with  a 
short  length  of  pipe  tlirce  diameters  long,  and  a  pilol 
tulie  mounted  in  the  center  of  the  pipe  one  diameter 
from  the  outlet.  The  elbows  were  attached  to  the  outlet 
end  of  this  short  pipe  and  another  piece  of  pipe  three 
diameters  in  length  placed  on  the  outlet  end  of  the  elbow. 

•Prom  a  paper  read  by  Prank  L.  Busey  before  the  .Ameri- 
can Society  of  Heating  and  Ventilating  Engineers,  July  17-19, 
Buffalo,    N.    Y. 
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In  making  these  txporiiiieuts  the  static  pressure  in  tiie 
box  was  accurately  measured  and  l)y  means  of  a  sensitive 
dill'erential  gage  attached  to  a  pitot  tube  in  the  short 
outlet  pipe  the  velocity  ])ressure  of  the  air  in  the  outlet 
was  also  noted.  As  different  elbows  were  attaclied  to  tiie 
outlet  pipe,  the  speed  of  the  fan  was  increased  so  as  to 
maintain  a  constant-pressure  reading  at  the  pitot  tube. 
The  static  pressure  in  the  box  increased  and  the  increase 
noted  as  a  measure  of  the  resistance  or  ])ressure  loss  of 
the  elbows  used. 

Careful  tests  were  made  to  determine  the  coetficient  of 
the  short  length  of  pipe  attached  to  the  outlet  of  the 
box,  and  0.825  selected.  That  is.  the  actual  velocity 
through  the  pipe  or  the  effective  area  of  the  pipe  will 
be  only  82.5  per  cent,  of  that  indicated.  The  velocity  head 
producing  the  discharge  will  then  be  the  static  pressure 
reading  in  the  box  multiplied  by  the  square  of  0.825. 
Any  increase  in  static  pressure  due  to  the  addition  of 
an  elbow  to  the  outlet  expressed  as  a  percentage  of  the 
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Fig.  ,3.    Pressure  Loss  ix  Rorxn  EEiiows 

velocity  head  as  determined  in  the  foregoing  gives  a  direct 
measure  of  the  pressure  loss  due  to  this  especial  elbow 
as  a  percentage  of  the  velocity  head.  Quite  an  extensive 
series  of  experiments  were  made  with  various  static  pres- 
sures and  rates  of  discharge. 

Pressure  Losses  Due.  to  Elbows 

The  character  of  the  elbows  used  in  these  experiments 
is  shown  in  Fig.  2.  They  were  either  round,  12  in.  in 
diameter,  or  square,  12x12  in.  in  section,  elbows  of  sim- 
ilar radius  of  curvature  being  tested  in  both  the  round 
and  square  sections.  AVhat  is  here  termed  a  square-turn 
elbow  is  shown  in  Fig.  2  as  being  actually  of  a  sqiiare 
or  two-piece  type.  The  term  short-bend  elbows  is  used 
to  designate  those  elbows  having  the  outer  surface  rounded 
off  and  the  inner  angle  either  square  or  sprung  to  a  very 
short  radius.  The  ea.«y-bend  elbows  were  those  having  a 
center-line  radius  of  from  one  to  three  times  the  jiipe 
width  or  diameter.  Nine  elbows,  each  of  the  round  and 
square  section,  were  used,  as  follows: 

R  =  Center-Line  Radius  r  =  Throat  Radius 
In  Diameters                            In  Inches  Inches 

0  50  6  0 

0  7.i  9  3 

1  00  12  6 
1.2.5                                           15                                                 9 

1  .50  18  12 

2  00  24  18 


The  curves  in  Pigs.  3  and  4.  based  on  actual  test  re- 


sults, .show  respectively  the  loss  Ijy  friction  through  elbows 
of  either  round  or  .square  section.  The  loss  in  per  cent, 
of  velocity  head  is  given  for  elbows  of  different  radii, 
the  center-line  radius  being  expressed  as  a  percentage 
of  the  pipe  diameter  or  width. 

It  may  be  seen  from  these  diagrams  that  with  R  = 
11/^  D,  or  an  inside  radius  of  one  diameter,  fairly  good 
results  may  be  obtained,  without  making  the  elbow  unduly 
long.  Practically  nothing  is  gained  by  making  the  radius 
R  greater  than  3  D. 

It  is  also  evident  fnini  an  insperiion  of  these  diagranu 
that  if  it  can  possibly  be  avoided   an  elbow   with  R  lest 
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Cen-ter  Line  Rod.  in  PerCen+.  of  Pipe  Width  p...^.. 

Fin.  4.     Pre.ssurk  Loss  in  Square  Elbows 

than  one  D  should  not  be  used.  Even  with  R  =  J>  aii 
elbow  in  a  square  duct  will  cause  a  loss  of  17.5  per  cent., 
and  in  a  reund  duct  25.5  per  cent,  of  the  velocity  head.  In 
case  R  =  Yo  D  (throat  of  elbow  square,  but  outer  side 
rounded  to  a  radius  of  one  diameter)  the  loss  in  a  square 
duct  will  be  approximately  one,  and  in  a  round  duct 
three-quarters  of  the  velocity  head.  The  loss  indicated 
on  the  diagram  for  R  =  (J.  represents  tests  on  elbows  of 
two-piece  construction,  or  with  both  inside  and  outside 
made  square. 

From  the  curve  for  the  round  ducts  it  will  be  seen 
that  with  an  elbow  having  /?  =  i^  7)  the  loss  will  be 
17  per  cent,  of  the  velocity  head.  If  it  is  considered  that 
one  velocity  head  is  lost  in  50  diameters  of  straight  pipe, 
this  means  that  this  elbow  is  equivalent  in  friction  effect 
to  8.5  diameters  of  pi]ie.  If  the  elbow  were  in  a  square 
duct  the  loss  would  be  equal  to  4.5  diameters  (or  widths) 
of  pipe  with  a  velocity  of  2000  ft.  per  min.  through  the 
duct,  corresponding  to  0.25-in.  pressure,  or  a  velocity 
head  of  0.25  in.,  the  foregoing  elbow  in  the  round  pipe 
would  cause  a  loss  of  0.0425  in.  and  in  the  .square  ducts 
of  0.0225  in. 

For  ordinary  calculations  one  easy  long-radius  eblow 
in  a  circular  pipe  may  be  considered  as  equal  in  friction 
loss  to  10  diameters  of  straight  pipe.  The  results  of  the 
tests  to  determine  the  effect  of  reducing  the  throat  of  the 
elbow  to  the  theoretical  or  blast  area  vnY[  be  given  in  a 
later  issue. 


AiiffVist.  26.  1913 
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The  Hall  of  Records  Test 

The  test  now  lioiiig  i-oiuhictcd  at  tlu'  Hull  uf  Roeords 
is  attracting  wide  attention,  nut  mdy  liecause  it  is  ]ji'ol)a- 
bly  the  most  compreliensivu  ever  undertaken,  but  also 
because  of  the  bearing  the  results  are  likely  to  have  upon 
the  future  policy  of  the  city  relating  to  operation  of 
])iiwer  plants  in  public  buildings. 

^Many  have  criticized  the  city  for  entering  into  partner- 
ship with  the  New  York  Edison  Company  in  the  solution 
of  a  problem  of  this  character.  \Yhile  there  may  have 
been  mitigating  circumstances  to  excuse  such  a  course, 
from  the  viewpoint  of  an  outsider  the  criticisms  seem 
justified.  Certainly  Xew  York  City  could  afford  the  costs 
of  such  a  test  and  has  enough  engineering  talent  in  its 
employ,  without  takijig  into  its  counsels  a  private  party 
whose  interests  are  decidedly  partisan  and  whose  actions 
are  bound  to  be  governed  accordingly. 

AVe  do  not  mean  to  infer  that  this  is  likely  to  have 
any  influence  upon  the  actual  test,  which,  we  are  satis- 
fied, is  being  conducted  along  strictly  impartial  lines; 
but  it  does  give  the  Xew  York  Edison  Company  a  large 
representation  in  the  advisory  board  which  will  deter- 
jnine  the  overhead  charges.  Judging  from  past  experi- 
ences, the  representatives  of  the  Edison  Company  will 
undoubtedly  try  very  hard  to  burden  the  plant  with  all 
sorts  of  fictitious  fixed  charges,  and  it  behooves  the  other 
members  of  the  l)oard  to  take  a  drterniiiied  stand  against 
any  such  attempts. 

If  it  were  a  question  of  shutting  down  the  plant  and 
substituting  central-station  service,  then  only  fixed 
charges  upon  its  scrap  value  should  be  considered.  But 
where  it  is  desired  to  arrive  at  the  total  cost  of  producing 
electrical  energy  then  all  the  proper  charges  should  be 
included,  but  no  more. 

In  the  first  place  the  Hall  of  Records  plant  cost  much 
more  tlian  it  shoidd,  as  a  result  of  which  the  legitimate 
fixed  charges  will  necessarily  be  high.  Moreover,  the 
plant  is  underloaded.  In  apportioning  the  fixed  charges 
the  electrical  load  should  he  charged  with  only  its  share 
of  the  steam-making  equipment  in  the  ]ii'ii])(irtinn  of  its 
load  to  the  total  load  on  the  plant. 

Xo  doubt  an  attem]3t  will  he  made  to  charge  rent  for 
the  floor  space  occupied  by  the  plant.  We  do  not  be- 
lieve, under  the  circttmstances,  such  an  item  should  be 
allowed,  but  if  it  is,  the  rate  should  be  ba.sed  solely  uiion 
what  the  city  could  get  for  this  space  in  the  sub-base- 
ment were  it  to  rent  for  storage  purposes. 

The  policy  of  making  pitblic  no  figures  until  the  test 
is  completed,  is  commendable.  Of  course,  this  does  not 
apply  to  the  Xew  York  Edison  Company  which  receives 
duplicate  copies  of  all  data — a  privilege  to  be  expected 
in  return  for  its  contribution  toward  defraying  the  ex- 
penses of  tlie  test;  but  even  though  the  final  outcome  be 
unfavorable  to  its  interests,  the  money  will  have  been 
well  spent  in  securing  complete  data  which  the  company 
may  use  for  reference  in  other  cases  that  may  come  up 
from  time  to  time. 


The    Smoke     Inspector's    Tribulations 

•Vs  noted  on  another  page  a  line  mess  of  petty  crime 
has  been  uiieartlied  in  the  smoke-iiisjiection  department 
of  the  City  of  Chicago  through  the  suspension  of  nine 
deputy  inspectors  and  (heir  trial  before  the  city  Civil 
Service  Commission. 

Chicago's  smoke-inspc<  tinii  dciiartment  is  probably 
more  widely  and  favorably  kiuiwn  than  any  other  in  the 
United  States.  The  reasons  for  this  are  because  it  was 
among  the  first  to  lie  instituted  and,  principally,  because 
it  has  accomplished  much,  both  along  the  line  of  actual 
smoke  abatement  in  that  city  and  in  solving  the  engi- 
neering problems  cncounteiTd  in  attempts  to  secure 
smokeless  combustion.  Alniosl  all  cities  of  any  size  now 
have  their  smoke-abatcmcm  dcparlments  and  the  work 
of  educating  the  plant  ouiici-  and  operator  to  an  appre- 
ciation of  the  advantages,  both  direct  and  indirect,  of 
smokeless  operation   has  now  piogrcsscd   verv  materiallv. 

The  present  troulilc  in  Chicago,  however,  .serves  as  a 
reminder  of  the  gencvally  unpleasant  nature  of  the  chief 
inspector's  task. 

The  tendency  oT  the  general  public  is  to  fasten  the 
eye  of  suspit-ion  upmi  liiiii  unless  he  succeeds,  instantly 
upon  appointniciii  lo  oHicc,  in  eliminating  all  smoke 
within  the  city  gales.  The  public  seldom  considers  that 
he  has  a  thousand  and  one  olislacles  confronting  him, 
many  of  which  are  alniosl  insuinKiuntiihle.  Often,  the 
money  appropriated  for  the  nsc  of  his  departmenl  is  in- 
adequate and  he  cannot  ein|iloy  tlie  amount  and  grade  of 
as.sistance  needed  for  b(>st  rcsulis.  The  secret  corruption 
of  his  subordinates  is  anolber  racioi-  that  is  ever  immi- 
nent. Imminent  hecause.  as  yei.  it  is  only  the  strength 
of  the  individual  that  pi-evcnts  lis  development.  If  the 
present  situation  in  Chicago  is  any  criterion,  the  jdant 
owner  and  operator,  principally  the  owner,  we  are  inclined 
to  believe,  from  the  c\idence  in  band,  consider  that 
bribery  is  more  econnmical  than  reasonable  effort  toward 
smoke  prevention.  In  reality,  it  is  (hmhly  ex]ieusive,  be- 
cause the  inefficiency  nianiresled  hv  ihe  presence  of  smoke 
endures  while  llie  value  of  the  bribe  i-onstituti's  an  added 
loss. 

On  the  other  hand,  the  ]ilant  owiii'r  or  o]ierator,  if  ho 
be  too  shrewd  or  virtuous  1o  sloop  to  bril)ery,  is  ever 
ready  to  believe  that  the  head  of  ihe  smoke  department 
is  a  rogue,  if  he  is  ]irosecutcil  for  smoke-ordinance  viola- 
tion. He  is  convinced  thai  his  olVcnce  is  no  more  flagrant 
than  that  of  his  neighbor,  who  has  offended  unmolested. 
Occasionally  he  is  correct,  il'  his  neighbor  happens  to  be 
one  of  the  bribe  givers.  T\Iore  nt'ti'ii,  he  is  mistaken — the 
offenses  of  our  neighbors  loom  large  compared  with  our 
own. 

Finally,  the  head  of  Ihe  smoke  department  is  often 
the  victim  of  ]iolitical  conspiracy.  If  the  party  in  power 
changes  he  has  the  prospect  of  being  required  to  look 
elsewhere  for  occupation.  Always,  he  may  expect  to  enjoy 
the  efforts  of  detractors  in  the  form  of  disappointed 
aspirants  to  liis  position. 
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The  Penalties  of  Boiler  Mismanage- 
ment 

Tlie  importance  of  good  firing  can  never  be  exaggerated 
n  studying  steam-plant  economy.  Tiie  evil  results  of 
niprojier  fuel  handling,  of  j)oor  water  tending  and  of  a 
larsimonions  policy  in  the  boiler-room  wage  account 
iring  so  much  discredit  upon  executive  otficers  responsi- 
ile  for  such  conditions  that  a  larger  knowledge  of  just 
vhat  happens  when  the  steam  generating  end  of  an  in- 
tallation  is  neglected  is  most  desirable. 

Xot  many  weeks  ago  a  series  of  tests  was  made  of  a 
.0,000-tou  steam  turbine  passenger  vessel  guaranteed  by 
he  builders  to  make  sixteen  knots  per  hour  when  oper- 
ited  intelligently  on  CHnnberland  coal  or  its  equivalent, 
vith  a  maximum  fuel  consumption  of  seven  tons  per 
'.our.  The  boat  was  equipjied  with  ten  water-tube  boilers 
lud  was  propelled  by  two  marine  turbines  rated 
it  about  4000  horsepower  each.  She  was  the  product 
)f  one  of  the  best  American  shipyards,  and  yet  she 
ailed  to  meet  the  above  guarantee  on  the  service  trials, 
dthough  on  preliminary  trials  by  her  builders  she  met 
he  requirements  in  first-class  fashion.  What  was  the 
•eason  for  the  troul)lc  ? 

A  careful  study  of  the  conditions  obtaining  on  the 
;ervice  trials  brought  to  light  an  amazing  neglect  on  the 
3art  of  the  vessel's  purchasers  of  the  methods  of  proper 
;team  engineering  in  the  operation  of  the  boat,  and  in  a 
vord,  almost  every  trouble  encountered  was  found  to  be 
lue  to  poor  firing  and  associated  difficulties.  The  vessel's 
)uilders  warned  the  purchasers  that  water-tube  boilers 
■ailed  for  much  more  skilful  firing  than  the  usual  Scotch 
nariue  boilers,  including  a  more  even  distribution  of  coal 
)ver  a  larger  grate  area  and  particularly  a  close  control 
)f  the  water  level.  The  boilers  used  contained  only  about 
me-fourth  as  much  water  as  the  Scotch  marine  units 
irst  suggested.  By  the  use  of  water-tube  outfits  about 
:wenty  thousand  dollars  was  saved  in  the»constructiou  of 
:he  ship,  and  better  deck  arrangements  and  coal  distri- 
jution  cf  an  improved  character  were  secured.  The  pur- 
chasers contended  that  their  engineers  were  thoroughly 
dive  to  the  situation  and  at  once  set  about  the  .service 
:ests. 

On  the  vessel  there  were  three  sets  of  firemen  required, 
rtith  three  shifts  of  water  tenders,  the  watches  being  four 
lOurs  in  length.  The  purchasers  desired  to  operate  the 
ressel  with  a  total  of  twenty-four  firemen,  or  eight  per 
pratch,  and  with  one  water  tender  per  watch ;  while  the 
niilders  maintained  that  thirty  firemen  were  necessary 
to  operate  the  ship  at  its  contract  speed,  and  that  two 
prater  tenders  per  watch  should  be  provided  in  view  of 
the  type  of  boilers  used  and  the  fact  that  half  the  boilers 
(vere  in  one  boiler  room  and  half  in  another.  The  latter 
arrangement  was  utilized  on  the  builder.*'  preliminary 
trials,  when  the  ves.sel  met  her  contract  requirements, 
nit  on  the  service  test  only  twenty-iour  firemen  and  three 
ffater  tenders  were  used,  with  the  additional  disadvan- 
tage that  none  of  the  former  had  had  experience  in  firing 
svater-tube  units.  This  arrangement,  instead  of  provid- 
ing one  fireman  per  boiler  and  making  four  fire  doors 
the  number  to  be  cared  for  by  each  man,  made  it  neces-' 
»ary  for  each  fireman  to  serve  five  doors.  The  firing  in 
adjacent  boilers  was  thus  overlapped,  and  there  was 
established  a  sort  of  dead  line  in  the  fire  between  each 


man's  assigned  grate  areas  which  resulted  in  serious  in- 
efficiency of  combustion  and  reduced  capacity  in  steam 
raising. 

The  inexperience  of  the  force  and  its  inadequacy  in 
point  of  numbers  led  to  excessive  coal  consumption,  water 
going  over  into  the  turbines,  and  to  priming.  On  the 
builders'  tests,  when  the  equipment  was  given  a  fair  show, 
the  fuel  consumption  per  brake  horsepower-hour  was  about 
2.2  pounds,  the  .speed  of  the  vessel  being  16.7  knots. 
On  the  service  trials,  when  the  reduced  number  of  firemen 
and  water  tenders  was  employed,  the  coal  consumption 
rose  to  4.14  pounds  per  brake  horsepower-hour,  and  the 
speed  of  the  ship  seldom  exceeded  14  knots.  Instead  of 
maintaining  an  even  water  level,  there  were  observed 
the  most  serious  fluctuations  in  the  height  of  the  water 
in  individual  boilers,  both  above  and  below  normal.  No 
automatic  regulators  controlling  the  feed-water  supply 
were  installed  until  a  later  period.  The  steam  pressure 
varied  all  the  way  from  a  normal  of  2.50  pounds  at  the 
boilers  to  180  pounds;  the  firing  was  extremely  irregu- 
lar, holes  were  allowed  to  accumulate  at  various  points 
on  the  grates  and  the  draft  was  poor  as  a  result.  The 
coal  was  laid  on  the  fire  in  lumps  and  hollows,  dead  areas 
were  permitted  to  accumulate  on  the  rear  of  the  grates, 
and  the  fuel  was  not  spread  as  it  was  fired,  but  was 
thrown  into  the  furnaces  in  bulk.  As  the  steam  pressure 
dropped,  strenuous  efforts  were  made  to  choke  the  fur- 
naces with  enough  fuel  to  overcome  the  fall. 

On  account  of  overfilling  the  boilers  with  water,  it 
became  necessary  many  times  in  the  early  runs  to  blow 
them  off,  so  that  more  than  300  tons  of  the  fresh  water 
feed  supply  used  in  the  clo.sed  condensing  .system  and 
boiler  tubes  was  lost  in  the  first  run,  necessitating  pump- 
ing salt  water  into  the  feed  tanks  near  the  end  of  the 
test  voyage  and  later  requiring  the  introduction  of  muddy 
river  water  for  the  same  service. 

The  going  over  of  water  to  the  turbines  due  to  ex- 
cessive water  level  slowed  down  their  speed  from  10 
to  20  revolutions  per  minute,  the  water  lowering  the 
steam  temperature  and  acting  as  a  mechanical  brake  in 
the  spaces  between  the  blading.  With  the  introduction 
of  the  salt  feed  and  of  the  muddy  river  water  into  the 
boilers  excessive  wear  almost  immediately  developed  in 
the  turbines  and  their  auxiliary  pumps.  Priming  also 
occurred  at  the  boilers,  and  trouble  occurred  through  the 
seizing  of  the  air  pumps,  with  consequent  loss  of  vacuum 
and  of  efficiency.  The  turbine  blades  were  built  of  ex- 
truded bronze,  but  were  eroded  as  though  they  had  been 
subjected  to  a  sand  blast.  The  use  of  water  charged  with 
mud  fouled  the  air-pump  buckets  and  resulted  in  serious 
scoring  and  marring  of  pi.sfons,  rods  and  valves.  Water 
entering  the  steam  cylinders  of  the  pumps  short-stroked 
these,  and  the  equipment  as  a  whole  was  damaged  to  an 
extent  requiring  the  expenditure  of  many  thousands  of 
dollars  in  repairs. 

Taken  as  a  whole  the  tests  bear  eloquent  testimony  to 
the  need  of  adequate  supervision  and  discipline  in  the 
boiler  room,  to  the  importance  of  maintaining  regular 
conditions  in  firing  and  water  tending,  particularly  in 
the  number  of  men  employed,  and  above  all  they  empha- 
size the  penny-wise-and-]iourid-foolish  economies  of  cut- 
ting down  the  boiler-room  payroll  to  a  point  where  skilled 
men  cannot  be  obtained  for  the  difficult  and  res]ionsible 
work  of  firing. 
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Corliss  Valve  Trouble 

Our  lOOO-hp.  Corliss  engine,  slowed  down,  refusing  to 
Ciiirv  the  load.  The  eccentries  are  marked  and  inspection 
proved  them  to  be  proper!)-  adjusted.  On  again  starting, 
the  receiver  pressure  went  considerably  above  normal, 
and  in  turning  the  regulating  rod  to  reduce  ii  we  found 
it  further  increased.  To  reduce  il  m'c  had  to  turn  the  rod 
in  the  opposite  direction. 

This  directed  our  attention  to  the  admission  valves  of 
the  low-pressure  cylinder.  The  valves  are  in  a  vertical 
position.  The  setscrew,  ■vrhich  prevents  the  valve  stem 
from  turning,  was  found  loose,  allowing  the  rod  to  turn, 
which  lowered  the  valve  until  it  took  steam  over  the  top. 
Wiien  the  valve  was  raised  it  closed  the  ports,  shutting 
ofi'  the  steam. 

The  valve  was  raised  and  jiroperly  set  by  use  of  the 
indicator. 

North  iVdams,  Mass.  Jamv;s  Mitch  kll. 


A  Few  Interesting  Kinks 

Every  engineer  knows  how  Ixithersome  it  is  to  protect 
lilowotl'  |iii)es  inside  the  boiler  setting.  T  have  found  a 
new  way  to  protect  mine.  Instead  of  bothering  with  cast- 
iron  sleeves  that  seldom  fit  or  brick  covers  that  split  and 
fall  down,  to  say  nothing  of  filling  the  space  in  the 
combustion  chamber,  I  simply  cover  the  blowofP  pipe 
from  the  boiler  to  the  wall  with  %-in.  asbestos  rope. 
Then  I  make  a  plaster  of  equal  parts  of  asbestos  meal 
and  fire  clay  and  add  one  pint  of  fine  salt  to  a  16-quart 
l)ail  full  of  the  ])bister,  and  add  just  enough  water  to 
make  a  stilf  mass.  This  is  plastered  on  over  tlie  rope 
with  the  hands  and  crowded  between  the  turns  of  roiie. 

Perhaps  some  of  the  readers  of  PowEit  have  had  occa- 
sion to  temporarily  connect  a  fire  hose  to  a  steam-pipe 
line  at  some  time  or  other  and  found  trouble  in  getting 
a  fitting  that  would  make  the  connection.  I  used  to 
have  a  lot  of  trouble  myself  until  I  found  this  kink: 
Take  the  male-thread  end  of  a  discarded  length  of  31/2- 
in.  fire  hose  and  cut  or  burn  ofi'  the  canvas  and  rubber. 
Then  find  a  i)icce  of  2-in.  pipe  with  a  thread  on  one 
end  and  file  tlie  other  up  brightly  for  about  21/2  in.  of 
its  length  and  either  insert  the  pi]ie  into  the  hose  cou- 
pling and  solder  it  there  or  do  a  real  good  job  by  tinning 
the  pipe  and  sweating  or  lirazing  it  into  llie  iiose  fitting. 


A  few  weeks  ago  I  had  a  night  fireman  who  was  care- 
less about  blowing  down  the  boilers  and  as  a  result  I 
found  a  plugged  blowofE  pipe,  so  instead  of  taking  all 
the  joints  apart  clear  back  to  the  boiler,  I  simply  dis- 
I'onnected  the  pipe  back  to  the  blowoft'  cock,  and  then, 
taking  the  fitting  described  aljove,  screwed  it  into  the 
cock  and  connected  a  length  of  hose  from  it  to  the  fire 
r>ump.  J  then  started  the  fire  pump  slowly  and  opened 
the  cock.    This  (piickly  removed  the  scale  from  the  boiler. 

Auburn,  Mass.  W.  E.  Chandlkh. 


Corrosion  and  Erosion 

The  writer  has,  on  .-several  occasions,  seen  articles  de- 
scribing, and  illustrations  showing,  various  pump  parts 
badly  eaten  by  the  action  of  the  water,  the  cause  of 
whicli  was  almost  always  attributed  to  electrolysis. 

In  a  recent  article  pictures  were  shown  of  a  pump 
runner  and  diffusion  vanes  which  had  been  badly  eaten  by 
the  water.  It  was  noted  that  the  motor  current  con- 
sumption increased  as  the  wearing  increased,  and  the 
sup}iosition  was  that  some  of  the  current  leaked  out  and 
set  up  an  electrolytic  action  and  so  damaged  the  pump. 
The  water  handled  by  the  pump  contained  some  salt  and 
sulphur. 

The  writei'  has  had  some  experience  with  pump  fail- 
ures of  this  nature  and  helieves  that  the  cause  of  the 
damage  in  this  case  was  not  due  to  electrolysis,  but  to  the 
combined  action  of  corrosion  and  erosion,  mostly  the  latter. 

Erosion  is  due  to  the  mechanical  action  of  tiie  water 
striking  continually  on  a  metal  surface  and  its  efl:ect  is 
sometimes  very  rapid.  This  action  must  be  distinguished 
from  corrosion,  which  is  a  purely  chemical  action.  The 
effects  are  most  marked  when  oiieratiug  under  high  speed 
or  with  water  containing  harmful  chemicals  or  grit. 

Experiments  have  hren  made  with  various  metals  at 
the  concern  where  I  am  employed,  and  the  action  of 
water  on  them  has  bren  studied.  Cast  iron  was  origi- 
nally used  for  making  pump  runners,  but  when  turbine- 
driven  the  pum]is  ])roved  short-lived  when  handling  even 
the  purest  watei-.  Koi-  slow-spet'd,  motor-driven  pumps, 
running  from  ISd  to  T-.'O  r.p.iii.,  the  erosive  eifect  was 
not  nearly  so  bad. 

The  practical  metals  best  suited  to  resist  the  action  of 
erosion  may  be  listed  in  the  following:  Monel  metal, 
hydraulic  bronze,  acid-resisting  bronze,  ])lios]ihor  bronze, 
chilled  east  iron,  cast  iron  and  lead. 

The  action  of  the  water  on  the  metal  is  lioth  mechanical 
and  chemical.  Most  of  the  -wear  is  caused  by  the  action 
of  continuous  hammering  of  the  water  on  the  metal. 
This  is  also  accomplished  by  more  or  less  chemical 
action,  depending  on  the  character  of  the  water. 

Water  in  striking  the  metal  makes  innumerable  small 
holes,  giving  the  metal  the  appearance  of  worm-eaten 
wood.  In  some  cases  the  erosion  was  so  bad  that  the 
metal  was  similar  to  chalk  or  paste  in  character.  The 
rai)idity  with  wiiich  this  cliange  takes  place  is  almost 
unbelievable. 

A  brass  dittusion  vane,  by  mistake,  was  placed  in  a 
pump  backwards.  The  metal  in  the  vane  was  about  y-> 
in.  thick.  This  was  worn  through  by  the  action  of  the 
water  in  about  60  hr.  This  is,  of  course,  much  faster 
than  could  be  produced  by  chemical  action  alone.  The 
water  velocity  leaving  the  wheel  in  this  case  was  some- 
thing like  90  ft.  per  sec. 

Lead  is  one  of  the  very  best  metals  to  resist  corrosion, 
but  it  is  very  poor  in  resisting  erosion.  One  of  tlie  neces- 
sary qualities  to  resist  erosion  is  tliat  the  metal  have  a 
verv  hard,  smooth  surface. 
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Copper  is  imich  too  soft  to  resist  tlie  eroding  action  of 
water  traveling  at  high  velocity,  but  it  is  very  well  suited 
to  withstand  the  eroiling  action  of  steam,  unless  ihe  steam 
is  highly  superheated. 

When  a  pump  runner  or  diffusion  vanes  become  seri- 
ously eroded  the  pump  efficiency  becomes  low  and  requires 
more  than  the  normal  power  to  operate  it.  This  would 
account  for  an  increase  in  power  required  ami  is  a  more 
reasonable  explanation  for  the  increased  power  c()iisuni|)- 
tion.  mentioned,  tlian  tlie  supposition  that  some  of  Ihe 
current  leaked  out  and  set  u])  an  electrolytic  aclion. 

1T.\I!0L1)  ,M.   OlIAHAM. 

Wilkinsluirg.   Pciin. 

Stopping  a  Bad  Leak 

The  f-in.  suction  pipe  leading  from  a  pond  to  a  cir- 
culating pump  froze  and  burst.  As  there  was  no  union 
3iear  the  fracture,  to  put  in  a  new  length  of  pipe  would 
mean  to  take  up  the  pi]ie  from  the  pond  to  the  fracture. 


C         A  A  A  A    Po-^ 

Ifow  THE  Lkak  Was  Stoi-pko 

The  illustration  sliows  how  it  was  repaired.  .4.4,4A 
are  U-bolts,  i?  is  a  gasket  and  C  is  a  piece  cut  from  a 
pipe  of  slightly  larger  diameter  than  the  pipe  to  be  re- 
jiaired. 

EakI.    PAfiKTT. 

('oll'cy\  ille.   Kaji. 

More  about  Graphite  for  Boilers 

For  :i  |ieriod  of  ten  weeks  I  lune  been  experimenting 
with  graphite  as  a  scale  remover,  and  find  that  it  ])rove.s 
satisfactory  in  our  boilers.  As  the  action  of  the  graphite 
is  very  slow,  various  boiler  compounds  have  been  mixed 
with  it,  the  idea  being  to  soften  the  scale  a  little  quicker 
and  allow  the  graphite  to  get  to  the  plates  sooner.  After 
three  trials  in  which  careful  observations  were  made,  the 
best  results  were  found  to  be  obtained  when  using  a  mix- 
ture composed  of  half  a  pound  of  graphite  mixed  with 
(Hie  pound  of  soda  ash  and  feeding  the  mixture  at  the 
rate  of  one  pound  of  mixture  to  each  20,000  lb.  of  water. 
This  mixture  should,  undoubtedly,  vary  with  the  nature 
of  the  feed  water  and  working  conditious,  the  mixture 
is  fed  in  along  with  the  feed  water  and  feeds  constantly 
through  an  ordinary  composition  feeder,  the  ash  and 
graphite  being  first  mixed  dry  apd  put  into  the  feeder. 

On  closely  examining  scale  which  has  come  away  of 
its  own  accord,  the  surface  which  has  been  next  to  the 
shell  will  be  seen  to  be  dotted  with  graphite  specks,  these 
Avill  be  quite  clear  under  a  good  glass.  It  has  been  our 
experience  that  practically  no  scale  forms  where  the  old 
has  come  off  when  graphite  has  been  used. 

The  action  of  graphite  in  removing  scale  is  not  clear, 
but  it  certainly  removes  the  scale,  and  I  am  under  the 
impression  that  if  one  were  to  well  rub  the  plates  of  a 


new  boiler  with  graphite  and  water  or  some  other  moisten, 
ing  medium,  no  trouble  would  be  experienced  from  scale, 
ft  would  be  interesting  to  all  engineers  if  someone  who 
has  a  new  boiler  going  in  service  would  try  the  experi- 
ment and  publish  the  results  in  Poweu. 

The  w-riter  is  shortly  going  to  try  graphite  in  one  plant 
that  is  badly  scaled,  and  as  many  chemical  works  and 
other  factories  use  the  water  before  it  comes  to  this  mill, 
com]30unds  have  all  failed,  the  feed  not  being  of  the  same 
composition  three  hours  a  day.  The  only  way  to  use  this 
water  is  to  allow  the  boilers  to  scale  so  as  to  protect  the 
plate  from  the  corrosive  water.  The  scale  is  now  so 
heavy  as  to  subject  the  boiler  to  bagging  at  high  pres- 
sures and  temperatures. 

Rochdale.  Eng.  E.  li.  PEAitrE. 

Steam-Expanded  Piston  Rings 

The  accompanying  illustration  shows  a  piston  with 
steam-expanded  rings  which  has  recently  been  patented 
by  H.  Gulbranson.  of  Mason  City.  Iowa.  As  will  be 
seen,  there  are  twc)  piston  rings  A  which  fit  snugly  over 


Piston  with  Stka.m-1-1x- 
PAN'DED  Ring 

an  ex])ansion  ring  and  two  of  these  combinations  are 
slipped  over  a  luill  ring  which  is  ^jj  iu.  smaller  than 
the  bore  of  the  ring,  thereby  leaving  /jj  in.  space  B  be- 
tween these  two  parts.  This  space  is  left  for  the  steam 
to  press  or  expand  the  piston  rings.  The  steam  for  this 
purpose  is  admitted  through  a  dozen  small  holes  drilled 
in  the  follower  plate  on  a  circle  the  same  size  as  the  in- 
side of  the  piston  ring. 

The  question  arises  as  to  whether  or  not  these  rings 
will  not  bind  so  tightly  as  to  score  the  cylinder,  or  to 
produce  so  much  friction  as  to  cause  an  excessive  amount 
of  oil  to  be  used. 

Mason  Citv.  Iowa.  R.  E.  Skox. 


August  26,  1013  r  0  W  E  R  309 

giuiiiiiiiiiiiiiniiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiniiiiiiiniiiniiiiiiiiiiiiiiiinniiiiiiiiiiiiiiifliiiiin^ 

QUESTIONS     BEFORE    THE     HOUSE       I 


imnillllllllllllllliilllilillllllilllilllllllllllllliiliiuiiiiiiiiiiiiiiiniiiiiiiiiiiniiiiiiiiiiiiiiin iiiiiiiiiiiiiiiiiiiiiiiiiiinii iiiiniiiiiiiiiiiiiiniiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiii^ 


Worthington   Rotary  Air  Pump 

Keferring  to  the  article  liy  \V.  Vincent  Treeljy  in 
rour  issue  of  July  32,  1913,  we  desire  t(i  emphasize  must 
emphatically  that  this  hydraulic  vacuum  pump  is  not 
in  ejector,  although  sometime^:  carelessly  so  described — 
loubtless  on  account  of  confusion  in  the  writer's  mind 
)ecause  of  the  similarity  in  form  to  the  ejector.  The 
jatent  application  was  made  and  the  patent  granted 
ipon  this  apparatus  as  a  "vacuum  pump,"  and  its  opera- 
ion  is  clearly  that  of  a  pump. 

While  it  is  impossible  for  any  obstruction  to  enter 
he  rotor  in  such  a  way  as  to  stop  its  rotation,  it  is  pos- 
lilile  by  removing  the  oil  cup  mounted  upon  the  nozzle 
lead,  to  secure  this  shaft  and  to  prevent  its  rotation,  and 
)y  doing  so,  convert  the  apparatus  into  a  type  of  ejector, 
vhicli,  however,  becomes  very  inefficient. 

It  goes  without  saying  that  an  ejector  with  tixed 
:hroat  could  be  designed  which  would  replace  the  jet- 
'ransforming  wheel,  but  this  would  be  a  very  different 
ipparatus  and  would  be  lacking  in  the  important  features 
)i  the  Worthington  hydraulic  vacuum  pump. 

This  form  of  pump  is  superior  in  that  it  uses  a  simple 
;eiitrifugal  pump  and  a  simple  vacuum  jnimp,  instead  of 
:he  complicated  pump  with  many  passages  ordinarily 
.ised  for  this  work.  It  is  possible  to  place  the  vacuum 
ninip  right  at  the  condenser  if  so  desired.  None  of  the 
•otors  has  shown  any  wear  whatever,  where  the  usual 
:ype  requires  constant  oversight  and  replacement.  The 
kVorthingiou  pump  has  a  fair  range  in  capacity  and  is  less 
ifi'ected  in  its  operation  by  air  than  any  of  the  other  types, 
ivhile  its  thermal  efficiency  and  its  efficiency  as  an  air 
•ompressor  based  upon  isothermal  compression,  practically 
igree  with  the  best  pumps  of  this  type. 

Geo.  J.  FoRAx. 

HeXRY  R.  WoKTHINHiroX. 

New  York  C'itv. 


Algae  in  Water 

In  the  July  1  issue,  1).  M.  Lidclcll  refers  to  the  use  of 
:oppcr  sulphate  to  kill  alg.v  in  water  and  to  the  prub- 
sble  damage  to  boilers  by  copper -sulphate-treated  water. 

I  have  had  considerable  experience  with  the  copper-sul- 
phate treatment  of  water  for  eradicating  alg«  for  the  past 
10  years.  We  have  a  private  reservoir  of  about  4,000,000 
gallons  capacity  and  have  considerable  trouble  with  algaj 
nt  times.  It  used  to  be  so  bad  that  the  water  stained  iiii- 
ished  cloth  and  gave  it  a  rotten-fish  smell ;  for  drinking 
purposes  it  was  no  use  at  all  a.s  the  smell  would  make  one 
sick ;  in  the  boilers,  the  organic  matter  present  would 
cause  bad  foaming.  In  1904,  having  learned  that  a  de- 
partment of  the  Federal  Government  was  experimenting 
with  the  use  of  bluestone  as  a  purifier  of  water,  we  ob- 
tained all  the  information  necessary  for  this  treatment 
i^iven  in  Bulletin  Xo.  (U  uf  the  Bureau  of  Plant  Industry, 


U.  S.  Department  of  Agriculture,  issued  May,  1904,  and 
have  used  this  method  with  success  every  year  since. 

The  quantity  of  copper  sulphate  required  depends  on 
the  germs  of  algse  present  in  the  water,  as  some  germs  sne- 
^•umb  quicker  than  others.  The  most  common  blue-green 
algai,  Anabfena  cirr.  will  all  be  killed  by  a  solution  of  I 
in  1,000,000.  Anaba'iia  flos-tupia  succumbs  to  1  in  3,000,- 
000.  Uroglena,  another  common  type,  take  1  in  2,500,- 
000,  and  the  Spirogyra  take  a  solittion  of  1  in  75,000  to 
kill  them  all ;  the  Diatoms  generally  require  a  concentra- 
tion of  about  1   in  200,000. 

However,  it  is  not  necessary  to  kill  all  the  alga;,  and  a 
solution  of  1  in  l,O(i(l,(l0o  is  strong  enough  to  kill  all 
the  commoner  types  and  prevent  the  growth  of  some  ol' 
the  other  types. 

For  the  success  of  the  treatment  the  copper  should  be 
]irecipitated  in  the  colloidal  form,  and  if  the  water  con- 
tains nil  alkaline  salts,  or  is  on  the  acid  side,  it  will  be 
necessary  to  add  some  lime  to  the  water  after  the  co1)]k'|- 
treatment  to  cause  precipitation  of  the  copper.  As  a 
general  thing,  however,  natural  waters  contain  enough 
lime  or  magnesia  in  solution  to  slowly  precipitate  the 
copper  and  neutrfilize  the  sulphuric  acid. 

The  strength  of  the  solution  is  not  anywhere  near  the 
danger  point  of  potability,  as  a  man  would  have  to  get 
away  with  50  quarts  of  water  a  day  to  produce  any  ill 
etfects  from  the  chemicals  used. 

As  to  the  effect  on  boilers;  a  100-hp.  boiler  working 
12  hours  a  day  and  using  42,000  lb.  of  water  in  that  time 
with  a  solution  of  co]iper  sulphate  of  1  in  1,000,000  would 
get  0.042  lb.  of  copjier  sulphate  into  the  boiler,  or  19 
grams;  this  quantity  of  copper  sulphate  would  do  very 
little  harm,  especially  as  it  can  easily  be  neutralized  by 
an  equal  quantity  nF  soda  ash  which  would  precipitate  the 
cojjper  as  a  mixture  of  copper  carbonate  and  copper  hy- 
drate and  the  acid  would  combine  with  the  sodium,  form- 
ing sodium  sulphate,  a  neutral  salt. 

However,  even  if  the  solution  in  the  reservoir  is  as 
strong  as  1  in  1,000,000,  the  water  delivered  by  the  piping 
system  will  not  carry  anywhere  near  that  amount  of  co|)- 
lier  sulphate  as  the  greater  part  of  the  salt  is  neutralizt'd 
:ind   precipitated   in   the   reservoir  itself. 

When  the  alga-  are  killed  by  the  copper,  the  vegetalile 
matter  coagulates  and  falls  to  the  liottora,  carrying  most 
of  the  copper  with  it,  and  three  or  four  days  after  the 
treatment,  a  vciy  delicate  chemical  test  is  necessary  to 
find  even  a  trace  of  <-u]ijicr  in  the  service  water. 

In  our  reserxoir  we  used  60  lb.  of  copper  sulphate  the 
first  year  in  one  dose  and  150  lb.  the  second  year  in  two 
treatments.  AVc  have  used  about  100  lb.  each  year  since, 
Init  have  not  found  it  to  be  needed  this  year  so  far.  We 
have  never  had  any  trouble  from  copper  poisoning  or 
any  complaints  of  ill  effects  and  not  the  slightest  sign 
of  copper  deposits  or  corrosion  in  the  boilers  or  piping. 
We  have  always  used  some  form  of  .soda  in  oxir  boiler 
feed:  usually  Tri-Sodium  Phosphate,  purchased  in  the 
open   nnirket. 
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This  treatment  generally  kills  most  of  the  bottom-feed- 
ing fish,  .such  as  sucker.s,  bull  heads  and  ells,  and  it  is 
necessary  to  keep  a  man  at  the  reservoir  cleaning  up  for 
a  few  days  after  a  treatment.  Those  iisli  cat  the  dead 
algiP  that  falls  to  the  bottom  and  thus  get  the  most  of  the 
copper.  No  trout,  pickerel  or  bass  will  be  killed  with  a 
solution  as  weak  as  1  in  1.0()0,0t)0  and  game  iish  .seem  to 
be  immune  to  this  quantity.  Mr.  Liddell  .says  that  the 
copper  will  be  injurious  lo  \egctation  if  the  water  is  used 
for  irrigation,  but  this  depends  on  the  strength  of  the 
.■solution  and  the  state  of  plant  growth.  Copper  sulphate 
was  first  used  to  kill  alg;e  in  watcr-eress  beds  and  thus 
save  the  young  plants  from  suffocation  by  the  alga?.  Chop- 
per solutions  will,  however,  jirevent  the  germination  nr 
seeds  and  the  growth  of  young  seedlings  in  as  small  a 
concentration  as  1  in  2(>,()(')(),0()(). 

Bkn.ta.aiix  S.  Hax.sox. 

Broad   Brook.  Conn. 


Uplift  the  Boiler  Room 

The  editorial  u])ou  the  above  subject  in  the  .Tune  21 
i.«sue  was  timely,  fn  many  boiler  rooms  of  moderate  .size 
the  firemen  are  practically  doomed  to  continue  the  dis- 
agreeable job  of  wheeling  out  hot  ashes,  owing  to  the 
cost  involved  in  the  installation  of  an  ash-handling  sy.5- 
tem. 

Possibly  an  account  of  how  the  difficulty  was  overcome 
at  one  idant  may  help  out  some  brother  engineer,  who  has 


rJ^S  io  drop  ashes  in 
ndenserpump  '         Splij- lO" pipe  with  2%  fallio  ash  dump 

Sinvi:i;  KOR  CoxvjcYiNG  Ashks 

similar  conditions  to  contciul  with.  An  ash-handling 
system  was  proposed  for  the  plant  in  question,  but  wheu 
the  management  heard  \\hat  the  equipment  would  cost, 
there  was  a  prompt  command  for  all  hands  to  forget  it. 

The  chief  engineer,  however,  was  not  easily  discouraged, 
and  he  began  to  look  around  to  see  if  there  was  not 
some  kind  of  home-made  system  that  could  be  installed 
without  the  management  being  any  the  wiser.  Plenty 
of  water  was  available,  and  the  boiler  room  was  so 
located  that  there  was  a  low,  swampy  place  on  one  side, 
into  which  the  ashes  were  dumped.  The  chief  got  a 
few  lengths  of  cast-iron  pipe,  about  10  in.  in  diameter, 
that  had  been  left  over  from  another  job.  He  had  these 
pieces  .split  open  lengthwise,  and  used  them  to  form  the 
bottom  of  a  trough,  which  was  laid  in  front  of  the  boilers, 
as  shown  in  sectional  view.  The  sides  of  this  trough 
were  made  of  brick  and  iron  floor  plates  were  used  to 
cover  the  top  of  the  trough.  These  floor  plates  had 
rectangular  openings  in  them,  opposite  the  ashpit  doors, 
and  light  covers  were  used  to  close  the  openings  in  the 
floor  plates  when  the  system  was  not  in  use.  The  covers 
were  provided  with  rings  so  that  they  could  be  easily 
removed  with  a  poker. 

The   bottom    of   the    troua'li    was   laid   with    a   fall    of 


about  2  feet  in  100  ft.  and  the  discharge  end  of  the 
trough  was  located  at  the  ash  dump.  At  the  upper  end 
of  the  trough,  there  was  placed  a  2-in.  pipe  connection 
from  the  condenser  pump,  and  when  it  was  desired  to 
clean  fires,  the  valve  on  this  pipe  was  opened  and  a 
stream  of  water  was  allowed  to  flow  through  the  trough, 
while  the  ashes  and  clinker  were  being  raked  into  it. 

The  ability  of  a  2-in.  stream  of  water  to  move  object  > 
in  a  trough  of  the  size  given,  and  with  the  fall  statrd 
above,  is  remarkable.  No  clinker  that  could  easily  lii  ; 
through  the  ojienings  in  the  floor  plates  (which  were 
6.xl8  in.  in  size)  seemed  to  have  the  least  trouble  about 
being  carried  out,  and  pieces  of  brick  could  be  dropped 
in  while  ashes  were  being  drawn,  and  they  would  be 
carried  along  the  same  as  the  clinker. 

The  accompanying  figure  will  show  how  the  trough 
was  arranged,  and  anyone  who  has  similar  conditions  in 
regard  to  a  place  to  deposit  ashes  will  do  well  to  install 
this  system.  The  water  used  during  operation  is  con- 
siderable, but  it  is  used  only  at  infrequent  intervals  ami 
during  short  periods  of  time,  and  the  amount  used  pi-i 
day  is  really  small.  The  ashes  do  not  tend  to  collect  ni 
the  discharge  end  of  the  trough,  as  might  be  e-xpectnl, 
but  will  spread  over  a  wide  area,  particularly  if  ilic 
ground  slopes  down  from  the  discharge  end  of  the  trough. 

J.  E.  Teeji.\x. 

Hartf(u-(l,  Conn. 


Making  a  Flue-Gas  Analysis 

After  reading  over  the  Engineers'  .Study  Course  artirJe 
on  ''Making  a  Flue-Gas  Analysis"  in  the  July  8  uumlicr 
I  would  like  to  suggest  a  second  method  of  obtaiuiiij: 
the  zero  reading  in  the  burette. 

Pump  in  a  sample  of  ga.s,  close  the  three-way  cock 
and  remove  the  pump  in  the  usual  way.  Raise  the  level- 
ing bottle  until  the  gas  in  the  burette  is  under  a  slight 
])ressuio  and  open  the  three-way  cock  to  the  air.  Close 
the  three-way  cock  when  the  water  is  within  a  half  inch 
or  so  of  the  zero  line.  This  may  be  done  quickly  as 
long  as  care  is  taken  that  the  water  does  not  rise  abo\e 
the  zero  line. 

Now  raise  the  leveling  liottle  and  compress  the  .uas 
until  the  water  level  is  exactly  on  the  zero  line  ami 
pinch  the  rubljer-hose  connection  either  with  the  pinch 
cock,  or,  as  will  be  found  easier,  with  the  fingers.  Place 
the  leveling  bottle  on  top  of  the  apparatus  or  any  place, 
as  its  position  will  have  no  effect  on  the  water  level  as 
long  as  the  hose  connection  is  pinched.  Open  the  three- 
way  cock  to  the  air  for  an  instant  and  close  it  again. 

Finally  release  the  pinch  cock  and  check  up  the  zcn> 
reading  by  holding  the  water  level  in  the  leveling  bottle 
opposite  the  water  level  in  the  burette. 

I  have  used  this  method  for  a  long  time  and  it  is 
■seldom  that  the  zero  reading  will  vary  more  than  0.1 
of  1  per  cent.  Such  a  variation  may  be  .subtracted  nr 
added  to  the  per  cent,  of  CO.^  obtained  in  the  subsequent 
absorption  and  the  error  will  become  negligible.  I  can 
strongly  recommend  the  above  method,  not  only  fi"' 
accuracy  and  relialjility  but  also  for  ease  and  speecl  el 
performance. 

LORKX   L.    llKBBEHn. 

Milwaukee.  Wis. 
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Conical    Pistons — Why    are     the     pistons    in    some    engines 
lade  conical   in   shape? 


To  reduce   the  weight  for  a  given   requi 


Boiler  Joint — In  a  double-strap  butt  joint  why  is  the  wide 
strap    inside    and    the    narrow    strap    outside? 

W.   C. 

The  narrow  strap  is  placed  on  the  outside  of  the  boiler  as 
the  pitch  of  the  rivets  along  the  edge  of  the  narrow  strap  is 
small  enough  for  the   calking  pitch. 

Boiler  Safety  Factors — Why  should  a  larger  factor  of 
safety  be  allowed  for  stays  and  staybolts  than  for  the  shell 
of  a  tubular  boiler? 

W.    C. 

Because  they  cannot  be  inspected  so  minutely  and  the 
material    is    more    likely    to    contain    hidden    flaws. 


Metal    Meltinii;     Points 

babbit  and  zinc? 


lelting    points 


A.  C.  H. 


Zinc  melts  at  786  deg.  F.  Commercial  babbit  metal  is 
made  in  a  variety  of  proportioi'.s  of  copper,  antimony,  zinc 
and  frequently  lead  with  an  average  melting  point  of  about 
1000    deg.    F. 


Rate   of   Sprint;-    Flo» 

approximately    at    least, 
spring? 


best   way   to    measure 
low    of    water    from 


W.   K.  G. 


The  best  and  most  convenient  way  is  to  measure  the 
discharge  by  a  weir.  A  complete  description  of  the  construc- 
tion and  use  of  weirs  is  given  in  "Power."  Dec.  2S,  1909, 
pages  1090-1094. 

Space  Over  Bridge  Wall — How  large  should  be  the  cross- 
sectional  area  of  the  space  between  the  under  side  of  a  hori- 
zontal  tubular   boiler   and    the    bridge    wall? 

■w.  C. 

Never  less  than  the  cross-sectional  area  of  the  tubes  to 
insure  full  draft  area,  but  it  may  be  anything  larger  if  the 
bridge  wall  is  high  enough  to  prevent  the  flre  from  being 
pushed  off  the   grate. 


Safer  Boiler — For  the  same  size  and  caj 
the  same  pressure,  which  is  the  safer  a  vert 
fire-tube   boiler? 

Vertical  boilers  are  more  likely  to  fail 
than  horizontal  tubular  boilers  and  are 
clogged  and  to  burn  in  their  water  legs, 
spects  the   hoiizontal   boiler   is  safer. 


id   to   carry 
I  horizontal 


in  the  tube  sheets 
likely  to  become 
In    these    two   re- 


Boiler    Horsepi 

etermined    by    tei 


is    the    horsepov 


t? 


of    a    boiler 


W. 


The  quantity  of  water  fed  per  hour  and  the  pressure  at 
which  it  is  generated  into  dry  steam  are  ascertained.  The 
feed  water  should  be  weighed,  and  the  equivalent  evapora- 
tion in  pounds  from  and  at  212  deg.  F.  per  hour  divided  by 
34 V4  would  be  the  performance  in  boiler  horsepower. 


Bearlngr  Boxes — Why  do  some 
in  the  crosshead  end  and  babbitt 
of  the  connecting  rod?  Is  it  n 
boxes  in  both  ends? 


bronze  boxes 
crankpin  end 
have    babbitt 


Crosshead  boxes  are  not  so  frequently  babbitted  as  crank- 
pin  boxes  as  the  former  do  not  require  renewing  as  frequently 
as  the  latter,   the   wear   being  less   on    the   crosshead   pin. 


Expandini;  Boiler  Tubes — ^'hen  expanding  tubes  in  return- 
tubular   boilers,   how   much   pressure,   if  any,   should   there   be 


on    the    boiler    and    should    the    plate    be    hot    or    <-old    for    best 
results? 

M.   W.    C. 
The    tubes    of    return    tubular    boilers    should    be    expanded 
with  boiler  empty  and  cold,  otherwise   the  tubes  will  contract 
uway  from  the  tube  sheets  and  leak  when  they  become  cooled 
down. 


Four  Valve  vs.   D-Slide  Valv« 

what  advantage  has  a  four-valv 
engine? 


-In  resp 
engine 


to  valve  setting, 
r  a  D-slide   valve 


G.  A.   JW. 


A  four-valve  engine  has  the  advantage  that  admission  and 
exhaust  are  controlled  independently  for  each  end  of  the  steam 
cylinder,  whereas,  in  a  D-slide  valve  engine,  the  valve  being 
in  one  piece  or  assemblage  of  pieces  whose  relative  position 
is  fl.xed.  setting  the  valve  for  regulating  either  admission  or 
exhaust  on  either  end  of  the  cylinder,  affects  I'll  other  dis- 
tribution. 


rabolic   and    an 


jrdi 


W. 


In  the  ordinary  governor  the  balls  swing  on  circular  arcs: 
in  the  parabolic  governor  they  are  constrained  to  follow 
parabolic  arcs.  The  former  governor  is  not  isochronous,  i.e., 
does  not  give  absolutely  uniform  speed  at  all  loads.  The 
parabolic  governor,  by  virtue  of  its  construction,  is  satisfied 
at  only  one  certain  speed,  and,  regardless  of  load,  assumes 
a  position  which  maintains  that  speed.  The  parabolic  gov- 
ernor is  not  built  because  its  refinement  of  regulation  over 
the    ordinary    .governor    is    not    commercially    warranted. 


Laying'  Out  Steam  I»ipe — Wha 

n    running  a  steam   main    from 
ind   hO"w   should    the   main   stop 


batte 


ions  should  be  taken 
of  boilers?  Where 
placed? 

W.  C. 
Precautions  should  be  taken  to  avoid  strains  on  the  pipe 
and  fittings  from  expansion  and  contraction,  to  hang  and 
support  the  pipe  so  that  it  may  have  perfect  freedom  in  ex- 
panding and  contracting,  and  to  provide  proper  pitch  and 
facilities  for  draining  the  pipe  of  water  of  condensation. 
The  main  stop  valve  should  be  as  near  as  possible  to  the  main 
boiler  header,  and.  if  a  globe  valve,  should  be  placed  with 
the    spindle    horizontal    with    the    valve    closing    against    the 


sour 


prt 


.ire. 


Cause   of  Leaky    T 

stack  cause  the  tube 
tired  with  kiln-dried 
feeding    spouts    from 


in    the 


le.s — Would    closing    the    d; 
in    a   boiler    to   leak?      The    boileis    are 
sawdust    and    shavings    through     self- 
blower    system. 

II.   W.   C. 

Boiler  tubes  leak  from  expanding  and  contracting  un- 
equally with  the  tube  sheet  and  the  more  frequently  the 
temperature  is  raised  and  lowered  the  sooner  will  the  tubes 
leak  at  their  Joint  with  the  tube  sheet.  In  so  far  as  the  use 
of  a  damper  may  be  the  cause  of  fluctuations  in  the  temper- 
ature of  gases  which  come  in  contact  witli  the  tube  ends,  tlie 
presence  of  the  damper  may  be  charged  with  causing  leakage 
of  the  tubes. 


Boiler     Kiiual 

on  each   side   of 
used?     ^^'hat  is 


ITS — Where  threi 
liorizontal  boiler, 
equalizer? 


supports     a 
hy   should 


■e     necessary 
•qualizei-s   be 


A\'.   C. 


Equalizers  prevent  an  undue  portion  of  the  load  from 
coming  on  any  one  or  two  of  the  supports.  Three  supporting 
brackets  on  a  side  would  not  be  equally  loaded  if  one  bracket 
support  settled  down  lower,  or,  from  expansion  of  the  sup- 
porting "walls,  was  raised  higher  than  the  relative  heights  of 
the  brackets  on  the  boiler.  An  equalizer  is  like  a  whiffle 
tree  supported  at  its  center  of  length  and  having  suspending 
rods  (like  traces)  for  suspending  a  boiler  bracket  from  each 
end  in  the  same  manner  that  equalizers  are  used  on  the  sides 
of  a  locomotive  for  suspending  the  side  frame  by  levers,  which 
are  supported  on  the  axle   boxes. 
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Evaporation 


Soi.lTlOX    111-    ('lll_\l\i:V    PliOKLEM 

Till'  draft  riH|uiri'il  fur  llie  lircui-hiug  is, 

(50  X  "•'""  )  +   (■'  X  ••••'•5)  =  0.15  in. 
iliicli,  iiddcd   to  Ilic  driil'l    n'(|uiivd  by  tlic  lioilers.  7iiMkes 
,    InlMl    of 

ll.l."i    +   D.I    =   (1.5."i   ill. 
or   liici'iliiii^u    and    ImiJIcv.-.      Tlu'    ruled    lioiliT   hors('])o\ver 
i|'  llu'   iiislalhilioii    i> 

S  \   50(1  =    lOdll 
iiid    US   this   will    hf  .sulijcct   lo   a    'i'>   ])vv   mil.   ovuiioiul 
w  iiiusi   prox  idc  a  cliiiiuicv  for 

KtOO  X    l."<i5  =  5000  hp. 
'\.s  it  is  estinuili'd  that  -f  lb.  of  coal  will  be  required  to 
levelop  one  boiler  iiorse]io\ver,  tbe  total   inaxiiiuun  eon- 
iiii)))1ioii  will  be 

,-,000  X  ^  =  ••^0.110(1  ///.  jirr  III-. 
I'lie  total  lirate  ai'ea  is 

s:i  X  ''^  =  <><>'  >"l-fl- 
leiiie.    the    |iouiids    of    eoal    hiiruud    Jfer    sijuare    loot    of 
;'rat(^  I'ov  hour  are 

•,>0. 0(1(1  -I-  (i(U  =  30.1;' 
^nd  the  draft  re<|iiired  for  the  eoiiibiustion  of  hiluiiiiiious 
lack  at  the  rate  of  oO   lb.   per  square  fwt  of  ij'rate  per 
lour  is,  aeicncliii.u'  to  the  table  yiNen  la.'^t  week,  0,1  in,  of 
vati'r.      'riieii.    llie    total    available   draft    neeessary    is 

i>.55  -f   0.4   =  0.!>5 
Vpjdyiiii;    this    liiiure    in    the   torinula    lor   e>liiiiatiiiij   the 
leiffht  of  ehiniiiey   we  have 

l.-lh   X  tl.;i5 


// 


0.5-.2  X  i:!.51 


1 


1 


5->()        1(1  It") 


=  t8(:t.4';  ft- 


IS  the  required  heiglit  of  rhininey  above  the  grates. 

Kniiiloying  the  fornnda  for  tiguring  tlie  necessary  cross- 
leetioiial   area  of  the  rliiiiiiiey   we  have 
■i(  (,(•(»(» 

A      =         -_:;::^  =    S!l,ll   .VY/./7. 

Ki.GS  V  180.47 

vbich  wiuild  mean  a  ehiinney  10  ft.  S  in.  in  diameter. 
\Vati;i; 

W'ati'i-  is  an  indispensable  eoinmoility  in  almost  every 
Jha.NC  of  life  and  industry.  Agrieiilturc  would  be  an 
nipossibility  without  it.  The  hunum  being  himself 
vould  not  amount  to  much  if  it  were  not  for  water,  for 
lis  substance  is  more  than  half  made  up  of  that  common- 
place fluid.  A  modern  power  plant,  no  matter  of  what 
ype,  could  not  be  ojierated  if  water  were  not  available. 

Then,  in  view  of  the  all-importauce  of  this  fluid,  it 
vould  seem  desirable  for  everyone  to  know  something 
ibout  its  character  and  habits.  As  a  complete  treatment 
)f  the  subject  would  be  too  extensiv-e  for  the  limited 
space  permitted  for  its  discussion  here,  aud  as  the  great 
najority  of  the  readers  of  this  de])artment  are  concerned 
iiaiuly  with   the  o]ieiatioii  of  steam  plants,  only  those 


eliaracleristics  of  water  will  be  taken  up  that  are  promi- 
Jieut  in  the  steam  plant. 

Water  is  compo.sed  of  the  two  gases,  hydrogen  and 
oxygen  eond)ined  chemically  in  the  proportion  ])y  volume 
of  two  parts  of  hydrogen  and  one  part  of  oxygen.  The 
chemical  formula  is  H.^O,  which  should  be  familiai-  to 
all  who  have  followed  this  .-series  from  the  start,  as  water 
is  the  product  formed  by  the  combustion  of  the  hydro- 
^I'li  found  in  such  fuels  as  eoal,  oil,  gas,  etc.  The  re- 
action which  takes  place  was  explained  in  the  first  and 
third  lectures  on  combustion,  April  'I'l  and  May  6  is- 
sues, respectively. 

Water  in  the  liquid  state  and  at  Vi'l  deg.  F.  weighs 
Gv;.;555  lb.  per  cu.ft.  Its  weight  or  volume  varies  with 
changes  in  temperature.  At  212  deg.  F.  the  weight  per 
cubic  foot  is  59.76  lb.  and  at  32  deg.,  62.418  lb.  Be- 
cause of  this  ditference  in  weight  at  different  tempera- 
tures, circulation  can  be  established  by  ajjplying  heat. 
The  water  in  the  bottom  of  a  .system  expands  or  beeomeH 
lighter  when  heated  and  rises  or  is  forced  up  by  the 
heavier  cold  water  above,  wliiili  flows  down  and  takes  Il^ 
place  and   in   turn    is  heated   and   rises. 

Hoti.iNd  'i'i:.\i  i'::i;A-rciiK 

If  sutiicient  heat  is  a])plied  to  water  in  its  liquid  state 
it  will  commence  to  boil.  This  boiling  results  in  some 
of  the  water  being  converted  iuto  a  vapor  which  is  called 
steam,  and  if  the  boiling  is  continued  all  the  liquid  will 
be  changed  into  steam.  The  temperature  at  which  water 
will  boil  depends  upon  its  purity  and  the  pressure  t( 
which  it  is  subjected.  Pure  water  in  an  open  vessel 
subjected  to  the  normal  atmospheric  jiressure  at  sea  level 
of  14.7  lb.  per  sq.in.  boils  at  212  deg.  F.  The  common 
impurities  found  in  water  in  its  natural  states  tend  to 
raise  the  boiling  temperature.  Thus,  sea  water  which 
contains  salt  as  its  principal  impurity  will  not  boil  uudei 
atmospheric  pressure  until  the  temperature  reaches  21;! 
deg.  or  a  little  higher,  depending  on  the  exact  percentage 
of  the  impurities  contained.  The  influence  of  impurities 
on  the  boiling  temperature  is  very  slight  (compared  with 
the  influence  of  pressure),  and  as  the  water  used  m 
steam  boilers  never  contains  but  a  comparatively  small 
quantity  of  impurities,  tliis  influence  is  customarily  ueg- 
lected  in  steam-plant  work. 

For  every  pressure  there  is  a  fixed  temperature  at 
which  water  boils.  The  higher  the  ])ressure  the  higher 
the  boiling  point.  If  the  temperature  of  boiling  water 
or  of  the  steam  being  formed  therefrom  is  known,  the 
pressure  can  be  ascertained  without  a  gage,  simply  by 
referring  to  a  table  of  temjieratures  and  pressures,  a^ 
these  always  correspond.  In  a  like  manner,  if  the  pro- 
sure  is  known  the  temperature  can  be  determined  withoiii 
a  thermometer. 

The  same  principles  apply  when  water  freezes  to  form 
ice.  Pure  water  at  the  normal  atmospheric  pressure  at 
sea  level  (14.7  lb.  per  sq.in.)  freezes  at  32  deg.  F.  Im- 
purities  tend   to  lower  the  freezing  point.     Thus,   ordi- 
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lary  sea  water  freezes  at  about  27  (leg.  Tlic  liiijlii'r  iIk' 
pressure  the  lower  the  freezing  point. 

When  water  is  undergoing  the  process  of  boiling  the 
iteam  formed  has  the  same  pressure  and  temperature  as 
;he  boiling  water  from  which  it  is  being  formed  nr 
ivaporated.     Such  steam  is  known  as  saturated  steam. 

Xow,  if  heat  is  applied  to  the  steam  itself  and  the 
;ontaining  apparatus  is  arranged  in  such  a  manner  that 
:he  steam  is  not  in  close  contact  with  water  and  hence 
;annot  impart  this  extra  heat  to  the  water  to  form  more 
iteam,  the  temperature  and  pressure  will  both  tend  t'> 
■ise.  But  the  new  temperature  of  the  steam  will  not 
correspond  with  the  boiling  temperature  of  water  at  .i 
Pressure  equal  lo  the  new  pressure  of  the  steam.  Tli" 
emperature  will  lie  higher.  Such  steam  is  called  sii|iei- 
leated  steam. 

To  sum  u]i,  then,  the  liciiling  jiuint  of  water  depends 
ipon  the  ])ressure;  the  boiling  temperature  is  ti.xed  and 
mcliangeable  for  any  given  pressure.  Saturated  steam  is 
team  that  has  the  same  temperature  as  boiling  water 
uidei'  equal  pressure.  Superheated  steam  is  steam  that 
las  a  higher  temperature  than  boiling  water  under  the 
lame  pressure. 

Saturated  steam  may  he  dry  or  wet.  Dry  saturated 
iteam  is  steam  that  has  been  thoroughly  evaporated  and 
loes  not  carry  any  drops,  globules,  or  particles  whatsoever 
)f  liquid  water  in  the  form  of  a  spray  or  mist.  A 
clearer  and  more  definite  explanation  of  the  difference 
jetween  ilry  and  wet  steam  will  he  given  further  on. 

Kv.vroiLiTiON 

Ebullition  is  the  name  sometimes  given  to  the  process 
)f  boiling  or  steam  generation ;  a  commoner  name  is 
ivaporation.  We  speak  of  the  evaporation  per  pound  of 
■oal,  equivalent  evaporation,  etc.  Then,  there  is  another 
erm  often  used :  vaporization,  the  jn-ocess  of  changing 
rom  a  liquid  to  a  vapor,  that  is,  of  changing  from  liquid 
vater  to  steam.  Although  the  last  two  terms  really  mean 
he  same  thing,  custom  has  established  a  slight  distine- 
ion.  Evaporation  has  come  to  mean  the  whole  process 
if  making  steam,  starting  with  the  warming  up  of  the 
eed  water  to  the  boiling  temperature  and  including  the 
ictual  conversion  of  the  water  into  steam,  while  va])oriza- 
ion  has  come  to  be  considered  sim])ly  the  actual  con- 
ersiou  from  water  at  the  boiling  point  into  steam  at 
he  same   temperature   and    pressure. 

Latent  TIi:ai' 

When  we  apply  heat  to  a  body  we  instinctively  think  of 
m  accompanying  rise  in  temperature.  For  instance,  if 
ve  apply  heat  to  a  piece  of  iron  we  know  that  the  teni- 
terature  of  the  iron  quickly  goes  up.  When  we  apply 
leat  to  water,  say,  at  60  deg.,  the  water  grows  warmer — 
ts  temperature  rises.  The  water  will  continue  to  get 
lotter,  the  more  heat  we  add,  until  the  boiling  point  is 
eached.  If  the  water  is  in  an  open  vessel  and  at  sea 
evel  this  i>oint  will  be  at  the  213  deg.  mark.  Xow, 
ight  here  a  strange  thing  will  occur.  The  water  will  fail 
o  get  any  hotter.  Xo  matter  how  much  heat  we  ap]ily. 
10  matter  how  hard  we  force  the  fire  or  how  high  we 
um  the  gap  burner,  whichever  it  happens  to  be.  the 
hermometer  will  stick  at  212  deg.  If  you  doubt  this, 
ry  the  experiment  with  a  pan  of  water  and  thermometer 
nd  convince  yourself. 

The  water  will   cease  srcttiiit;-  hotter,   but  at   the  >Mm: 


time  something  else  will  happen.  The  instant  the  boiling 
point  is  reached  ebullition — the  process  of  steam  genera- 
tion— will  set  in.  The  question  naturally  arises:  If  the 
temperature  cannot  be  increased  by  applying  more  heat, 
wliat  becomes  of  this  extra  heat?  It  is  used  in  converting 
the  liquid  water  into  steam.  As  soon  as  the  heat  is  shut 
off  the  boiling  or  steam-making  will  cease,  proving  that 
heat  is  required  to  convert  the  water  from  the  liquid  into 
the  vaporous  state.  The  more  heat  we  apply  the  more 
rapid  will  be  the  rate  of  steam  generation. 

It  requires  970.4  B.t.u.  to  change  1  lb.  of  water  at 
atinospherie  pressure  and  a  temperature  of  212  deg. 
into  steam  at  the  same  temperature.  Just  why  so  much 
heat  is  used  up  or  absorbed  without  causing  a  rise  in 
temperature  when  water  is  broken  up  into  steam  I  will 
not  attempt  to  explain  here.  The  only  really  important 
tiling  to  know  is  that  such  is  the  case.  The  heat  thus 
absorbed  is  called  latent  heat  of  vaporization  or  the  latent 
heat  of  steam.  The  term  latent  means  hidden  or  secret. 
Hence,  the  latent  heat  of  steam  is  the  heat  that  is  taken 
up  and  hidden  by  the  water  when  it  changes  from  its 
liquid  to  its  vaporous  state.  We  consider  the  heat  as 
being  latent  or  hidden  because  we  can  see  no  evidence 
of  its  having  gone  into  the  steam  as  far  as  the  thermome- 
ter can  tell  us. 

When  steam  condenses  the  heat  transfer  is  the  other 
way.  If  a  pound  of  steam  at  atmospheric  pressure  were 
injected  into  a  tank  containing  99  lb.  of  water  at,  say, 
60  deg.,  so  that  all  the  steam  condensed  back  into  water, 
the  temperature  of  the  resulting  100  lb.  of  water  would 
be  71.2  deg.,  showing  a  rise  of  11.2  deu'.  for  the  original 
99  lb.  of  water. 

The  temperature  of  steam  at  aliiiosplieric  pressure  is 
212  deg.     Hence,  the  drop  in  temperature  was  only 

212  —  71.2  =  1  K).S  ,/('!/. 
i'.ut  the  99  lb.  of  water  rose  I  1.2  deg..  showing  that 

99   X    11-2   =    IIOS.S  n.l.ii. 
were  im]iarted   to   it.      (One   B.t.u.   being   the   amount   of 
heat  required  to  rai.>-e  the  temperature  of   1    lb.  of  water 
1  deg.) 

If  the  steam  had  been  condensed  before  it  was  injected 
into  the  99  lb.  of  water  .so  that  it  went  in  as  a  liquid 
at  212  deg.  instead  of  a  vapor  at  212  deg.,  the  rise  in 
temperature  of  the  99  lb.  would  be  only  1.52  deg.  be- 
cause the  pound  of  condensed  steam  or  water  at  212  had 
only 

212  —  60  =  1.52  Jl.l.ii. 
moi'c  in  it  than  a  pound  of  the  cooler  water. 

Some,  wlio  are  jusl  beginning  the  stitdy  of  evaporation 
and  steam,  may  experience  a  little  difficulty  in  realizing 
that  steam  has  weight,  and,  hence,  may  be  slightly  eon- 
fused  when  they  come  in  contact  with  such  terms  as 
pounds  of  steam,  etc.  This  confusion  is  all  the  more 
likely  because  the  pressure  is  also  s]ioken  of  in  terms  of 
pounds. 

In  an  earlier  lesson  (Ajiril  22  issue)  it  was  shown 
that  a  gas  has  weight,  and  in  the  same  manner  it  could 
easily  be  demonstrated  that  steam  has  weight.  In  fact, 
the  weight  of  steam  can  he  ascertained  more  easily  than 
the  weight  of  a  gas;  all  that  is  necessary  is  to  condense 
the  steam  and  weigh  the  resulting  water.  In  referring 
to  a  quantity  or  weight  of  steam  the  word  "of"  is  em- 
ployed. Thus.  w>'  say,  9  lb.  of  steam  evaporated  per 
])ound  of  coal.     Which   means  that  the  combustion  of  ii 
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]H)Uiid   of   coal   has   cau.sed   the  evaporation   of   !»    Hi.   nf 
\vater,  re.sultiug  in   rhe  generation  of  9  lb.  of  .<team. 

In  referring  to  pressure  we  use  the  word  "at."  Thus, 
steam  at  150  lb.  Which  means  steam  which  causes  m- 
possesses  a  pressure  "f  l')ii  lb.  (ni  each  stpiarc  imli  of 
tbe  surface  confining  it. 

Autogenous  Boiler  Welding 

It  has  been  the  editor's  jirivilege  to  spend  some  ])leasant 
hours  with  Theodore  Ivautny.  the  leading  authority  of 
the  world  upon  autogenous  welding.  Under  bis  direc- 
lion  numerous  classes  have  been  established  in  tbe  in- 
d.nstrial  schools  for  teaching  ibc  process.  IK-  i.s  the 
author  of  several  standard  works  u|)on  this  subject,  and 
linds  time  in  the  interxals  of  an  extensive  consulting 
|iractice  to  direct  the  ]>ublication  of  Aiitogeiie  Mrtall- 
lirarbeiiung,  a  monthly  journal  devoted  to  this  specialty. 
He  has  consented  to  furiush  some  articles  to  future  issues 
(if  I'owKi!  showing  how  this  process  is  employed  for  en- 
gine and  boiler  repairs  and  in  improved  methods  of 
manufacture  of  power-plant  apparatus. 

In  rc])ly  to  an  inquiry  as  to  the  possibility  of  the 
replacement  of  the  riveted  joint  by  the  autogenous  Meld 
in  steam  boilers,  Mr.  Kautny  said  that  there  are  promis- 
ing possibilities  in  that  direction,  but  that  he  is  exerting 
his  influence  to  withhold  any  serious  attempt  in  that 
direction  until  a  means  has  been  found  of  proving  the 
Miundness  of  the  weld.  To  this  end  a  prize  of  1500 
marks  has  been  offered  for  the  best  suggestion  of  a 
method  of  testing,  which  olfer  has  brought  out  26  re))lies. 
These  are  to  be  referreil  to  a  committee  consisting  of 
Prof.  Dr.  Schlesinger,  of  the  Technical  High  School, 
t'harlotlcnburg ;  (Jeheimrat  Prof.  Dr.  Ing.  Wiist,  of  the 
iletallurgical  Institute,  Aacheu;  Prof.  Baumann,  of  the 
Koyal  Technical  High  School,  Stuttgart;  Ing.  Herrn. 
Kichter.  of  the  Technical  State  Schools  of  Haml)urg; 
Overingenieure  K.  Schroder,  of  the  Huldschinskywork  at 
Gleiwitz  (Silesia)  and  Mr.  Theodore  Kautny  himself, 
for  the  award  of  the  prize.  The  suggested  methods  in- 
ciiule  heat  and  electrical  conductivity,  sound,  vibration, 
etc. 

The  autogenous  weld  is  already  extensively  euiployed 
to  join  nozzles  onto  large  work,  like  receivers,  etc..  and 
when  the  joint  is  properly  made  it  is  as  .strong  as  the 
metal  itself.  It  only  remains  to  he  able  to  check  the 
worknumship. 

Mr.  ivautny  has  also  an  ingenious  demonstration  of  the 
effect  of  changes  of  temperature  and  stress  in  producing 
distortion  and  strain  in  riveted  joints.  This  consists  in 
plotting  the  expansion  of  the  various  parts  uiuler  differ- 
ences of  temperature  and  making  some  500  drawings 
showing  the  successive  i^ositions.  When  these  are  photo- 
graphed and  run  through  a  kineomatagraph  the  move- 
ment of  the  sheets  and  rivets  will  be  visually  reproduced. 
As  an  instance  of  the  effort  to  avoid  the  riveted  joint, 
Krupp  is  making  some  drums  for  water-tube  boilers  for 
the  Russian  Government  about  10  ft.  in  length  and 
between  2  and  3  ft.  in  diameter,  by  boring  out  large 
forgings,  leaving  a  cylinder  or  shell  of  simicthing  over 
an  iiu'h  thick. 


OVER   THE   SPILLWAY 

JUST      JESTS.     JABS.     JOSHES      .AND     JUMBLES 


Out  Seattle  way,  if  the  street  merchant  would  continue 
to  roast  peanuts,  he  must  qualify  as  an  engineer — a  goober 
engineer,  a  steam  peanuter.  We  already  have  a  few  "peanut" 
■  ngineers  who  roast —  What  we  started  to  say  was.  Boiler 
Inspector  Albert  Johnson  declares  that  the  peanut  roaster  is 
dangerous,  and  the  operators  must  be  licensed.  Men  have 
been  killed  through  careless  handling  of  the  deadly  little 
steam  boiler.  Sure,  license  everybody  who  makes  steam;  raise 
the  standard  from  peanuts  to  power  house.  Then  sic  the 
noise-prevention  committee  onto  the  peanut  engineer's  bloom- 
ing  whistle. 


Shank  to  get  45  bee   slings — Headline. 

-About  half  a  sting  will  ordinarily  more  than  satisfy  the 
average  shank.  This  particular  Shank  is  Lew  Shank,  mayor 
of  Indianapolis.  Lew  has  "a  tech  ob  de  mis'ry,"  and  hopes 
by   this   means    to   effect  a   cure. 


We  should  worry  about  the  coal  supply  and  get  a  cinder 
in  our  eye!  A  man  named  Wade,  from  Phila<;«l>lphia,  has 
waded  to  some  purpose,  he  thinks.  Wade  claims  he  can  com- 
bine the  water  gases  with  oil.  expand  and  bake  them,  and 
thus  have  a  fuel.  About  a  column  of  newspaper  rough  stuff  ] 
tries  to  explain  his  process  and  apparatus — but  what's  the  ; 
use,    you    wouldn't    believe    it. 


Like  all  papers  with  a  large  correspondence,  "Power" 
casionally  receives  some  queer  spelling,  but  we  raise  our 
Panama  to  New  York's  Street  Cleaning  Commissioner:  Here's 
his  list  of  spellings  of  "garbage:"  "Grabbrage,  carbage,  gar- 
bages, garbege,  gabbage,  cabbage,  gai'bagge.  garbach,  gob- 
bage,  garbbes,  garbadge,  garbeg,  garbig,  garbish,  garbige^ 
gurbabe,  garbrage.  cabage,  cabbage,  carbbage,  garvages,  gab^ 
bade,  carbig,  carrbage,  garrebge,  gabbatche,  carribag,  gar- 
bitsch,  garbich,  garbetz,  gorbige,  gerbag,  garbager,  gar- 
bet,  gorbage,  garrabage.  gobers,  garbabege,  garberg,  garbedg, 
carbiche,  gerban,  garbetch,  garbegge,  fabage,  grarbage,  gabes 
garbit,  garbush,  carbag.  "  They've  bin  havin'  a  swill  toimCj 
says  Cassidy.      .\  list   of  th'  iidors  would   fill  a  book. 


It's  been  said  that  the  English  dearly  love  a  title.  HoW' 
ever  true  this  may  be,  and  at  the  risk  of  precipitating  a  wai 
between  the  two  countries,  we  have  been  told  that  in  Ger 
many  lives  a  professor  who  gets  mad  enough  to  sue  the  papei 
which  neglects  to  give  his  full  title  when  mentioning  hil 
name.  To  escape  a  libel  suit,  his  last  name  is  omitted  (1 
has  only  four  letters,  anyhow,  and  will  never  be  missed) 
Here's    the    title:    Herr    Geheimer    Regierungsrath,     Professo 

Doctor-Ingenieur    Doktor    Priedrich   .      Over    here,    you'i 

have  to  get   .good  and  mad  before  you   could  make  even  a  fai 
stab   at    it. 


Twenty  pounds  weight  may  now  he.  sent  through  til 
mails.  Keep  this  in  mind  when  planning  your  trip  to  th^ 
N.  .A..  S.  E.  convention  at  Springfield.  This  is  a  friendly  tip 
to  the  souvenir  gatherer.  He  may  send  his  spoils  home  I'V 
the  parcels  post.  Of  course,  if  he  has  collected  over  20  \h . 
and  it's  going  to  crowd  his  luggage,  it  "would  be  safer  to  hir-- 
a  box   car. 


Hard  ConI  Production — .\ntiiracite  ecoal  shipments  in  the 
first  seven  months  of  1913  were  over  40,000,000  tons.  This 
year's  production  of  anthracite  coal  will  probably  exceed  the 
high  record  of  1911.  which  was  69,954,299  tons,  and  pass  the 
Tii.HOO.noo-ton  mark. 


Glor,^'  be.  ,Iawn,  here's  another  wan  av  thim  newspap-  i 
cylinder-head  bust-ups.  This  toinie  it  do  be  in  th'  N"u 
Vawk  Criminynal  Coorts  buildin'.  Th'  cub  who  wrote  it  UD 
declares  that  an  outrajus  flood,  which  engulfed  Rosie  M'Carty, 
the  butiful  tillyphone  operatress,  wuz  caused  by  "th'  blow-' 
out  av  a  wather-pipe  cylinder  head."  .An'  sez  he,  brave  R' 
sthuck  to  her  post:  she  niver  moinded  th'  slathers  of  pla^: 
an'  fallin'  debree  which  threatened  to  engulf  her.  An'  wiim 
the  crool  flood  had  subsided,  th'  little  darlint  sthill  sthuck, 
'till  relaysed  be  th'  rescuin'  populace.  True  for  you,  Jawn, 
they  niver  found  th'  devastatin'  wather-poipe  cylinder  head 
that  caused  all  th'  ructions.  'Twould  sarve  that  rayporte'' 
chap  roight  if  they  made  him  luk  fer  it — an'  kep'  him  on  th' 
job   till   he   found   it! 


Aiio-„st,  2(5.  ini3 


POWEE 


315 


Michigan  N.  A.  S.  E.  Convention 

The  tvvi-lfth  annual  convention  of  the  Michigan  State  As- 
sociation of  the  National  Association  ot  Stationary  Kngineei's 
was  convened  in  Grand  Rapids,  on  Aug.  6.  with  Press  Hall  as 
the  meeting  place  and  exhibit  building.  Bert  Wells,  of  the 
local  committee,  presided  at  the  preliminary  ceremonies  on 
Wednesday  morning  in  place  of  Chairman  Chas.  W.  Merritt, 
who  was  unavoidably  prevented  from  being  present  by  serious 
illness  in  his  family.  The  Rev.  J.  R.  T.  Husted  pronounced 
the  invocation  and  in  the  absence  of  Mayor  Geo.  E.  Ellis, 
also  delivered  the  address  of  welcome,  to  which  National  Sec- 
retary Fred  W.  Raven  responded.  I-ee  H.  Bierce.  represent- 
ing the  Grand  Rapids  Association  of  Cominerce,  gave  an  in- 
teresting address,  setting  forth  the  opportunities  existing  in 
the  city.  John  W.  Lane,  editor  of  the  "National  Engineer," 
responded. 

State  President  AV.  M.  Gormley  was  then  introduced  and 
the  various  committees  "were  appointed.  In  the  absence  of 
National  President  John  F.  McGrath.  State  President  Gorm- 
ley offlcially  opened  the  exhibit  hall  and  A.  T.  Arens,  of 
Jenkins  Bros.,  gave  a  brief  address  on  behalf  of  the  ex- 
hibitors. 

At  the  Thursday  morning  session  the  matter  of  a  state  li- 
cense law  was  taken  up  and  the  educational  prizes  were 
awarded.  In  its  report  the  license-law  coinmittee  described 
some  of  the  obstacles  and  difficulties  encountered  by  it  in 
attempting  to  have  a  bill  put  through  by  the  state  legisl.'i- 
ture.  Continued  effort  toward  the  passage  of  the  bill  is  to 
be  made  this  year.  The  first  educational  prize,  $20  in  gold, 
donated  by  J.  D.  Swartwout.  of  f?aginaw,  was  won  by  Arthur 
M.  Adams,  of  Kalamazoo.  The  second  prize,  $10  in  gold,  pre- 
sented by  the  Standard  Oil  Co.,  was  awarded  to  G.  C.  Weth- 
erly,  of  Saginaw.  M.  A.  Knight,  Kalamazoo,  won  the  third 
prize,  a  copy  of  Kent's  Mechanical  Engineers'  Pocket-book, 
given  by  Aaron  Miller,  and  W.  W.  Clark,  Saginaw,  took  the 
fourth,  a  slide  rule,  presented  by  the  S.  P.  Conklin  Co.  These 
prizes  were  awarded  for  the  best  answers  to  a  set  of  ques- 
tions  issued    by   the   educational   committee. 

W.  A.  Sperry,  operating  chemist  of  Grand  Rapids'  new  fil- 
tration plant,  gave  a  lecture  on  the  principles  and  features 
of  the  plant.  His  talk  was  followed  by  an  address  by  G.  G. 
Whitworth,  treasurer  of  the  Berkey  &  Gay  Furniture  Co.,  on 
"The  Engineer  from  the  Manufacturer's  Viewpoint."  In  the 
course  of  his  remarks  the  speaker  declared  that  there  was  a 
tendency  on  the  part  of  people  generally  to  consider  a  genius 
as  a  fellow  who  is  divinely  gifted.  The  true  cause  of  genius, 
however,  is  inclination  for  hard  work,  intense  study  along  the 
line  on  which  one  aims  to  progress.  Luck  is  governed  largely 
by  personal   application. 

In  responding,  F.  A.  Wells,  chief  engineer  of  the  ^Michigan 
Leather  Co.,  outlined  the  purpose  of  the  N.  A.  S.  E.  and  de- 
clared thiit  one  of  the  important  objects  of  the  organization 
was  to  bring  the  manufacturer  and  engineer  into  closer 
touch. 

At  the  annual  election,  which  was  held  on  Friday  morning, 
these  officers  were  chosen:  A.  W.  Miller,  Detroit,  president; 
John  Andrews,  Pontiac,  vice-president;  E.  C.  Smith,  Kala- 
mazoo, I'eelected  secretary;  H.  T.  Bagley,  Owosso,  treasurer; 
G.  T.  Maloney,  Owosso,  conductor;  Otto  Mauthe,  Muskegon, 
doorkeeper;  Fred  Tisch,  Flint,  trustee;  H.  A.  Pierce,  Kala- 
mazoo, state  deputy.  Muskegon  was  chosen  as  the  place  for 
the  next  annual  state  convention.  Past  National  President 
C.  W.  Naylor,  National  Secretary  Fred  Raven,  and  John  Lane, 
editor  of  the  "National  Engineer,"  made  brief  appropriate  ad- 
dresses after  the  election. 

Chief  among  the  entertainment  features  of  the  convention 
program  was  a  baseball  game  and  picnic  on  Thursday  after- 
noon and  evening  at  Ramona  Park,  an  amusement  resort 
near  the  city.  The  game  was  won  handily  by  the  engineers, 
who  made  a  score  of  10  runs  against  the  i  by  the  supply 
men.  On  Wednesday  afternoon  an  auto  ride  was  provided  for 
the  lady  guests  and  on  Thursday  morning  they  made  a  shop- 
ping trip  to  the  principal  downtown  stores.  On  Wednesday 
evening  an  informal  entertainment  consisting  largely  of 
musical  numbers  by  talented  representatives  of  the  supply 
houses  was  given  in  the  exhibit  hall  and  on  Friday  evening 
the  Grand  Rapids  Evening  Press  Newsboy  Band  gave  a  con- 
cert in  the  same  place.  On  Friday  afternoon  a  visit  was  made 
to  the  new  filtration  plant  and    the  city  water  works. 

Over  40  booths  in  the  exhibit  hall  were  occupied  by  the 
displays  of  the   following  concerns; 

Grand -Rap  ids-Muskegon   Pow- 


Falls  Machine  Co. 
Anchor    Packing    Co. 
Crandall  Packing  Co. 
Hawkeye   Compound  Co, 
United    States  Graphite 
Standard   Oil   Co. 
Grand    Rapids    Supply    Co 
Garlock   Packing  Co. 


er   Co. 
.\rrow     Boiler     Compound     Co. 
Crane    Co. 
Co.  .\aron    Miller. 

Diamond    Power    Specialty    Co. 

Raniville    Co. 

White  Star  Refining  Co. 
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Lagonda   Manufacturing  Co. 
Harrison  Safety  Boiler  Works. 
Viscosity    Oil    Co. 
Jenkin.s    I^ros. 
Greene.    Tweed    &    Co. 
Dearborn    Chemical    Co. 
V.    D.    Anderson    Co. 
Lunkenheimer  Co. 
Underfeed  Stoker  Co.  of  Amer- 
ica. 
"Power." 

Barclay.    Ayers   &    Bertsch    Co. 
Kenneth    Anderson    Co. 
J.    I.    Wernette. 
Wickes    Boiler    Co. 
Lake    Erie    Compound    Co. 

e.   A.    Du 


Richards  Wilson  Pipe  Cover- 
ing:  Co. 

International  Correspondence 
Schools. 

Buckeye    Chemical    Co. 

Bousnian    Mfs-    Co. 

Wm.   Powell   Co. 

Leitelt    Iron    Works. 

Central   Boiler  &   Supply  Co. 

Nelson    Valve    Co. 

Hills-McCanna   Co. 

Cahail    Boiler    Co. 

Breen    &    Halladay    Fuel    Co. 

Albany    Lubricating    Co. 

Fairbanks  Co. 

H.    W.    Johns-Manville  Co. 

nham   Co. 


ConRECTiox — On  page  255  of  the  Aug.  19  issue,  Figs. 
2  and  3  are  in  error  in  that  the  bridge-wall  is  shown  ex- 
tending lip  to  the  bottom  of  the  tubes.  With  the  hori- 
zontal baffles  it  -hould.  of  course,  be  considerably  lower 
to  allow  a  passage  for  the  gases. 

Graft    in    Chicago  Smoke  Department 

Nine  of  the  deputy  smoke  inspectors  for  the  City  of  Clii- 
cago  have  been  on  trial  before  the  Civil  Service  Commission. 
charged  with  petty  graft,  favoritism,  false  reporting,  insubor- 
dination and  loafing.  Eight  of  the  nine  were  promptly  con- 
victed  and   ordered   discharged   from    the   service. 

Chief  Smoke  Inspector  Osborn  Monnett  has  had  private 
detectives  at  work  on  the  movements  of  his  subordinates  for 
several  months  past  and  according  to  the  testimony  given  in 
the  trial  a  fine  record  of  contemptibly  small  grafting  has 
been  unearthed.  It  was  brought  out  that  some  of  the  large 
manufacturing  concerns  in  the  city  whose  chimneys  were 
smoking  offensively  were  in  the  habit  of  giving  presents  and 
even  sums  of  money  to  the  deputy  inspectors  to  win  freedom 
from  unfavorable  reports.  Such  commodities  as  ham,  bacon, 
shoes,  neckties,  etc..  were  on  the  list  of  "gifts"  said  to  be 
received  regularly  by  the  accused  men.  The  agents  of  cer- 
tain coal  companies  are  alleged  to  have  claimed  that  they 
have  a  "pull"  with  the  smoke-inspection  department  and  that 
if  coal  was  purchased  from  them  no  trouble  would  be  caused 
by  the  department   if  the  customer's  chimney  smoked. 

An  engineer  in  charge  of  a  plant  in  an  office  building, 
owned  by  a  large  railroad  entering  the  city,  testified  that  the 
accused  smoke  inspectors  were  in  the  habit  of  foi-egathei'ing 
in  his  plant  and  whiling  aw-ay  the  weary  hours  of  duty  by 
playing  cards  and  eating  repasts  generously  provided  by  the 
packing  and  manufacturing  companies  of  guilty  conscience 
and  temptingly  rooked  and  served  by  the  aforesaid  engineer. 
The  selection  of  this  plant  as  the  rendezvous  for  members  of 
the  deputy  inspectors'  "We-Should- Worry  Club."  was 
prompted  by  an  official  of  the  operating  department.  The  in- 
ference is  that  through  this  little  courtesy  he  won  immunity 
for  his  company  from  prosecution  for  violation  of  the  smoke 
ordinance  by   its   locomotives. 

The  International  Congress  of 
Refrigeration 

Delegates  are  coming  from  forty-two  countries  to  attend 
the  Third  International  Congress  of  Refrigeration,  of  which 
President  Wilson  is  patron,  to  be  held  in  Chicago  from  Sept. 
17  to  Oct.  1.  Secretary  of  Agriculture  Houston  is  honorary 
president. 

More  than  5000  manufacturers,  scientists,  engineers,  ice 
producers  ard  dealers  in  all  sorts  of  produce  which  depends 
on  refrigeration  to  prevent  the  enormous  waste  which  would 
otherwise  r^;sult,  will  assemble  for  the  congress.  The  foreign 
delegates  will  be  mustered  at  New  York  where  a  committee 
will  welcome  them.  .4  special  train  will  transport  the  party 
to  Washir.  ^jton.  where  they  will  be  received  in  person  by 
President  '.Vilson  and  addressed  by  Mr.  Houston.  The  trip  to 
Chicago  V  ill  be  by  special   train." 

The  committee  in  charge  of  the  congress  announces  daily 
executive  sessions  to  be  addressed  by  prominent  personages, 
including  Dr.  Harvey  W.  W'.ley,  former  chief  of  the  United 
States  Bureau  of  Chemistry:  Dr.  .\lex.  C.  Humphreys,  presi- 
dent of  the  Stevens  Institute  of  Technology:  Dr.  S.  W.  Stratton 
and  C.  W.  'Wai'lner,  of  the  Bureau  of  Standards,  Washington, 
D.  C:  W.  C.  Brown,  president  of  the  New  York  Central  lines; 
C.  W.  Secrist,  vice-president  and  general  manager  of  the 
Pacific  Fruit  Express;  J.  M.  Culp,  vice-president  of  the 
Southern  Railway;  James  R.  Mann,  congressman  from  Illinois; 
Professor  E.  Spencer  Baldwin,  Boston;  Dr.  H.  E.  Barnard,  state 
food    and    drug    commissioner    of    Indiana,    and    many    others 


who    are   prominent  in  commercial,   manufacturing  and   tr.ans- 
portation  lines. 

Concurrent  with  the  congress  will  be  held  an  international 
refrigeration  exposition.  This  is  to  be  the  first  exposition  of 
this  nature  ever  held.  The  United  States  government  will  have 
a  special  exhibit.  During  the  congress  a  banquet  will  be 
tendered  to  the  foreign  delegates,  at  which  only  cold-storage 
food-stuffs    and    beverages    will    be    served. 


NEW     PUBLICATIONS 


ENGINEERING  TABLES  .A.ND  DATA.  By  W.  W.  P.  PuUen. 
The  Scientific  Publishing  Co.,  Manchester,  England.  Limp 
cloth;  68  pages;  5%x8%  in.;  3  charts;  7  figures.    Price,  1/6. 

This  work  is  a  collection  of  tables  and  data  for  handy 
reference  in  the  laboratory,  the  testing  shop  and  in  engineer- 
ing educational  work  generally,  consisting  of  tables  of  cir- 
cular measure  of  angles,  trigonometrical  functions,  common 
and  hyperbolic  logarithms,  exponential  and  hyperbolic  func- 
tion.s,  conversion  factors  (Metric  to  English  and  English  to 
I^Ietric  measures),  water  density,  specific  heat,  etc.,  of  various 
substances,  tables  relating  to  fuel  and  combustion;  steam 
tables  in  Fahrenheit  and  Centigrade  units;  mean  specific  heat 
of  superheated  steam,  20  to  220  lb.  absolute;  charts  of  steam 
dryness  for  use  with  throttling  calorimeter,  of  sulphur  dioxide 
and  of  CO-:  mensuration  of  the  principal  geometrical  figures 
employed  in  engineering  computations  and  standard  differ- 
ential coefficients  and  differential  equations. 

The  compiler  states  that  steam  tables  have  been  prepared 
upon  values  obtained  by  recent  experimenters;  it  is  to  bo 
regretted,  however,  that  they  have  been  computed  on  the 
basis  of  the  old  British  thermal  unit  in  place  of  the  unit  more 
generally  accepted  by  .American  engineers,  viz.:  ^/,^,  of  the 
heat  required  for  raising  a  pound  of  water  from  32  to  212 
deg.  F.  The  resulting  differences  are  small  enough  to  neglect 
for  all  practical  purposes,  but  they  are  annoying  and  in  some 
cases  may  be  confusing  to  those  accustomed  to  the  more  gen- 
erally accepted  American  standard. 


On  Sunday.  Aug.  17,  Local  Union  No.  6S  of  the  Inteir.i- 
tional  Union  of  Steam  Engineers  of  Newark,  N.  J.,  held  its 
annual  outing  at  Donnelly's  Grove,  College  Point,  N.  V.  A 
big  percentage  of  the  members  and  many  friends  of  thi  v- 
ganization    enjoyed    the    day   together. 

Phoenix  Association  No.  24,  N.  A.  S.  E.  of  New  York  lity 
held  its  23d  annual  outing  at  Donnelly's  Grove,  College  ruin. 
N.  Y.,  on  Sunday,  Aug.  17.  There  was  the  usual  big  attt  ri.i- 
ance.  A  baseball  game  between  the  members  of  Phoenix  and 
the  "Bunch"  was  won  by  the  latter,  followed  by  a  proiii:iin 
of  races.     A  hearty  dinner  wound   up  the  day's  fun. 

More  than  twenty  thousand  people  attended  the  ouiiiis: 
and  picnic  of  the  Eccentric  Firemen,  Local  union  No.  .">•>  *!' 
the  International  Brotherhood  of  Stationary  Firemen  of  -New 
York  City  at  Celtic  Park,  Long  Island  City,  on  Sunday,  -\ug. 
17.  There  was  an  elaborate  program  of  popular  out-door 
sports  "With  handsome  prizes  to  the  winners.  Dancing  and 
other  enjoyable  pastirres  were  arranged  for  the  ladies.  In- 
ternational-President Timothy  Healy  was  on  hand  to  wel- 
come  the   guests. 


PERSONALS 


H.  C.  Behr  has  resigned  as  consulting  mechanical  en- 
gineer in  South  Africa  for  the  Consolidated  Gold  Fields  of 
South  Africa,  Ltd.,  and  will  engage  in  professional  work,  i 
specializing  as  consultant  in  the  design,  construction,  opera-  ■■ 
tion  and  maintenance  of  the  mechanical  part  of  mining  and  i 
metallurgical  plants,  with  office  at  233  Broadway,  New  York,  I 

James  D.  Robertson,  formerly  sales  manager  for  the  Pitts- 
burgh Valve,  Foundry  &  Construction  Co.,  has  again  assumed 
charge  of  the  sales  of  this  company,  returning  as  second 
vice-president  after  two  years'  absence.  Mr.  Robertson  in  the 
meantime  has  successfully  completed  the  organization,  plant, 
and  launching  in  business  of  the  Warren  Tool  &  Forge  Co., 
of  Warren,  Ohio.  He  began  his  business  career  with  .\twood 
&  McCaffrey,  and  when  that  concern  was  absorbed  by  the 
Pittsburgh  Valve,  Foundry  &  Construction  Co.,  he  continued 
his  services  and  up  to  the  time  of  his  withdrawal  had  com- 
pleted his  21st  year  with   the  company. 
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ON  TO  SPRINGFIELD! 


PoWEft 


One  objective:     The  N.  A.  S.  E.  Convention  at  Springfield. 
One  object:     The  Good  of  the  Engineer. 
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Springfield  Electric-Light  Plant 


Bv  W.\i;iiEX  0.  KociERS 


.VOP.S/-S' — Thi^  cfiitral  titatioii  contains  turbine  units 
wth  the  old  and  new  sections,  vertical  porcupine  boil- 
supplying  them  with  steam.  Motor-driven,  direci- 
'■vnl  arc  machines  are  used  for  street  lighting.  The 
dential  lighting  rate  is  nine  cents  per  hilowatt-hour; 
day  load  exceeds  the  night  loa/l. 

'isitiug  engineers  to  Springfield,  Mass.,  .should  not 
to  visit  tlie  power  plant  of  the  United  Electric  Light 
at  the  foot  of  State  St.     It  is  a  strictly  business 

aosition,  void  of  frills  and  show  units,  and.  although 
plant,  as   it  stands  today,  is  the  result  of  additions 


First,  at  the  head  of  the  company  are  local  men,  wlio 
have  a  pride  in  the  welfare  of  tlie  city,  as  well  as  a 
business  interest  in  the  plant  in  which  they  have  invested 
tlieir  money.  The  slogan  of  the  company  is,  "Give  every- 
body the  best  there  is."  Result :  there  is  an  absence 
of  scathing,  condemning  articles  by  the  newspapers  decry- 
ing the  actions  of  the  company,  the  customers  are  satis- 
fied, the  service  is  good  and  the  rates  low  for  centra!- 
.station  service.  For  instance,  the  residential  lighting 
service  is  charged  nine  cents  per  kilowatt-hour  and  manu- 
facturing establishments  using  power  circuits  are  charged 
much  less. 


Fig.  1.  Oi.n  TrnriixE  Koo:\[.  Aisc  Machtke.s  axd  SwiTcirBOAun  (iALU-nY 


he  generating  units.  Ironi  time  to  time,  it  is  attrac- 
and  well  designed. 

ears  ago  the  original  plant  consisted  of  reciprocating 
:s  and  belt-driven  line  shafting  from  which  the  gen- 
ors  were  driven.  This  arrangement  was  modern  at 
time,  but  would  make  a  strange  contrast  with  the 
st  design  of  units  found  in  service  there  today, 
'here  are  many  interesting  events  connected  with  the 
ory  of  the  plant  in  connection  with  the  changes  which 
5  ti)keu  place  and  also  as  to  the  attitude  the  officials 
2  taken   regarding  their  relations  with  the  public. 


No  labor  troubles  arise  to  interfere  with  the  harmoni- 
ous operation  of  the  plant,  mainly  because  the  men  are 
treated  as  men  and  because  those  in  authority  have 
worked  themselves  up  from  humble  positions  to  those 
of  responsibility,  and  knowing  what  work  is  to  be  done, 
how  it  feels  to  work  in  the  everyday  grind  of  power-plant 
operation,  and  believing  a  man  is  worthy  of  his  hire,  are 
some  of  the  reasons  why  the  fifty-odd  men  employed 
about  the  plant  are  satisfied  with  their  positions  and 
with  their  superiors. 

Viewing  the  plant  from  the  exterior,  from  the  State 
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U.  approach,  oiio  sees  a  rather  low  rod  brick  building, 
hrough  the  double  doors  of  which  a  glimpse  of  some 
f  the  machines,  of  what  is  now  termed  the  old  plant, 
3  seen.  At  the  right  is  a  small  brick  building  in  whicli 
3  the  office  of  Chief  Engineer  Walter  H.  Damon,  and 
t  the  rear  of  whicli  is  a  well  equipped  machine  shop. 
Lt  the  left  is  the  new  boiler  room,  separated  from  the 
,ew  turbine  room  by  a  brick  wall.  At  the  rear  of  the 
ffice  and  adjoining  the  old  turbine  room  is  the  old  boiler 
com;  the  boilers  of  wliich  arc  used  during  the  winter 
eason  only,  l)ut  can  be  lircd  u\>  at  any  lime,  if  necessary. 


lead.     Tliese  two  steam  n)ains  supply  steam  to  the  tur- 
bine in  the  old  })!anl. 

Old  Ti:i;iii.\K  lioo.M 

Ujion  entering  the  old  tuj'l)ine  room.  Fig.  1,  one  sees 
tliree  1000-kw.  steam-turbine  units.  Two  are  on  the 
side  of  the  room  nearest  the  boilers,  the  third  is  next 
to  the  wall  dividing  the  two  turbine  rooms.  No.  2  tur- 
bine was  the  first  tujbine  used  in  the  city  and  was  in- 
stalled in  1904,  and  has  never  cost  a  cent  for  repairs. 
It  was  among  the  first  Iniilt  l>y  the  manufacturers,  being 


Fig.  2.  Two  of  thk  Three  Turbine  Units  in  the  New  Turbine  Eoom 


As  an  inspection  of  the  plant  is  in  order,  suj^pose  we 
'gin  with  the  old  part  and  go  through  it  with  the  idea 
'  noting  the  size  and  equipment  of  the  plant  that  fur- 
shes  electricity,  without  competition,  to  the  population 

a  city  of  approximately  seventy-six  thousand. 

Old  Boiler  Room 

In  the  old  boiler  room  there  are  eight  -iOO-hp.  porcu- 
ne  boilers.  Dutch-oven  furnaces  and  mechanical  stok- 
s  are  used  on  all  of  the  boilers  in  both  the  new  and 
d  boiler  rooms.  The  old  boilers  are  set  in  two  rows 
id  in  two  batteries,  each  of  four  boilers,  with  a  firing 
fele  between. 

Coal  is  delivered  to  the  stoker  hoppers  by  a  belt  con- 
yor,  a  double  discharging  chute  distributing  the  fuel 
ii  the  hoppers  of  both  rows  of  boilers.  Each  boiler  in 
(jell  row  is  connected  to  a  12-in.  steam  main  by  a  o-in. 


No.  98.  Xos.  1  and  3  units  were  operated  a  year  later. 
The  generating  end  of  each  turbine  is  a  1000-kw.,  two- 
phase,  60-cycle,  7200-volt  generator;  the  speed  of  each 
is  1800  r.p.m. 

The  vertical  jet  condensers  are  in  tlie  l)ascment,  with 
the  steam  cylinders  protruding  above  the  turbine-room 
flooring.  The  exhaust  pipe  of  No.  1  unit  is  fitted  with 
n  liydraulic-operated  valve,  the  other  two  exhaust  pipes 
with  motor-operated  valves.  The  condenser  of  No.  1  is 
at  the  generator  end,  as  a  necessity,  on  account  of  the 
floor  area  required  in  the  basement,  wliich  was  restricted 
at  this  machine  by  tlie  wall  on  one  side  and  the  adjoin- 
ing turbine  foundation  on  the  other.  The  condensers 
for  the  other  two  turbines  are  at  the  sides  of  the  steam 
end.  The  three  dry-vacuum  pumps  are  on  tlie  turbine- 
room  floor. 

The   turbine  generators   were   originally   of   the   open- 
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casing  tx-pe,  but  have  since  been  fitted  with  air  ducts 
leading  from  the  top  of  the  casing  out  througli  the  river 
side  of  the  building,  as  shown  in  Fig.  1. 

Exciter  Units 

There  are  three  engine-driven  exciter  units.  One  near 
No.  1  turbine,  the  other  two  at  the  generator  end  of  No. 
3  turbine,  next  to  the  wall  between  the  new  and  old  tur- 


FiG.  3.  One  of  the  C'uxdkxm.i;  Uiiiii- 

bine  rooms.  The  direct-current  generators  are  each  of 
25-kw.  capacitj'.  The  new  turbine  generators  are  excited 
by  self-contained,  direct-current  generators  mounted  on 
an  extension  of  the  turbine  shaft,  as  illustrated  in  Eig. 
2.  Each  delivers  13o-volt  current.  One  is  of  35-  and 
the  other  of  50-kw.  capacit_y,  and  they  are  attached  to 
2500-  and  4000-kw.  turbines,  respectively. 

Ai{(-Li«HTixG  Units 

In  the  old  turbine  room  there  is  a   67-hp.   induction 
motor  directly  connected  to  a  40-kw.  direct-current,  125- 


FiG.  4.  Turbine-Driven  GenerItok  and  C'extkii  rci al 
Pump 

volt  generator,  used  to  supjjly  energy  to  a  few  110-volt 
motors  throughout  the  city. 

Between  Xos.  2  and  3  turbines  are  the  motor-driveu 
arc-light  units.  There  are  four  154-hp.  induction  mo- 
tors, each  connected  1o  two  one-circuit  direct-current  10,- 
000-volt  arc  machines,  at  a  speed  of  500  r.p.m.     There 


are  also  six  125-hp.  induction  motors  coupled  to  12  tlirect 
current,  8000-volt  arc  machines  at  TOO  r.p.m.  The  flexi- 
ble couplings  are  made  with  two  Haugcs  holding  lengths 
of  round  rubber  which  fit  into  round  spaces.  They  are 
prevented  from  working  out  endwise  by  fiat  plates,  and 
from  the  top  by  the  overlap  of  the  rim  face. 

Two  500-kw.  rotary  converters  supply  manufacturii- 
with  current  for  motor  circuits  at  600  volts,  at  a  spccl 
of  600  r.p.m.  These  units  are  at  the  State  St.  side  nC 
the  station  between  the  arc  machines  and  the  marble  arr- 
lighting  plug  switchboard.  Rubber  mattings  are  placcl 
about  these  and  the  arc  machines  as  a  precaution  against 
the  oj^erator  slipping,  while  working  about  them,  and 
to  eliminate  as  far  as  possible  danger  from  electric  shock. 

Xe-vV  Turbine  Rooii 

There  are  three  turbines  in  the  new  turbine  room. 
Fig.  2,  two  of  which  are  shown.  One  is  a  single-flow 
unit;  the  one  in  the  foreground  of  Fig.  2  and  the  new 
unit  are  of  the  double-lloAv  type.  They  have  a  capacity 
of  2500,  4000  and  6000  kw.  at  a  speed  of  1200,  1800  and 
3600.  resiJectively. 

Two  of  the  three  turbine  units  are  running  and  the 
third  is  practically  ready  to  operate.     Fig.  2  gives  a  view 
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Fig.  5.  Xew  Boilei;  Room.  Sirowrxo  (~)ni(;iNAL  Boili:i;-; 

of  the  room,  includinsr  a  dry-air  ))ump,  the  two  boiler-feed 
pumiis  and  the  water-filtering  tanks.  The  small  turbine 
exhausts  to  a  10-in.  jet  condenser  having  a  motor-driven 
circulating  pump.  The  dry-air  pump  on  the  turbine- 
room  iioor  is  connected  with  this  condenser.  The  two 
large  turbines  are  operated  in  connection  with  two  18-in. 
Leblanc  condensers,  both  located  in  the  basement  beneath 
the  steam  end  of  the  turbine.  0;ie  of  the  condensers  is 
shown  in  Fig.  3. 

Tlierc  is  at  the  far  end  of  the  new  turbine  room,  an 
auxiliary  turbine-driven,  direct-current,  50-kw.,  125-\(iit 
generating  set  that  can  be  used  for  exciting  purposes  nv 
for  station  lighting,  if  either  becomes  necessary.  Th.' 
turbine-driven  5-in.  three-stage  centrifugal  pump,  shown, 
is  used  for  boiler  feeding,  and  a  second  unit,  which  has 
been  installed  in  place  of  the  duplex  pump  shown,  fur- 
nishes a  second  unit,  consisting  of  a  turbine-driven  6-in. 
three-stage  centrifugal  pump.  The.se  units  are  shown  in 
Fisr.  4. 
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Water  for  condensing  purposes  and  for  boiler  feeding 
is  taken  from  the  Connecticut  River,  tlie  circulating  wa- 
ter discharging  to  the  river  after  passing  through  the 
condensers.  The  suction  lines  of  the  condenser  pumps 
are  fitted  with  twin  strainers  between  the  pump  and  river. 
They  are  necessary  on  account  of  leaves,  grass  and  other 
floating   debris  being  drawn   into  the   suction   line  and 


Fig.  6.  Main  DisTiuBUTiNfi  Switchboard 

which  would  otherwise  restrict  the  flow  of  condensing 
water  through  the  condenser.  On  the  new  turbine  con- 
den.ser  suction  line  multiple  strainers  are  used. 

All  boiler-feed  water  is  pumped  from  the  river  into 
two  filtering  tanks  which  have  a  capacity  of  460  gal.  of 
water  per  min.  The  water  is  filtered  in  one  tank  and 
is  taken  from  the  storage  tank  by  the  feed  pumps. 

Nfw  Boiler  Room 

The  new  boiler  room,  Fig.  5,  has  twelve  400-hp.  porcu- 
pine boilers  and  four  more  of  the  same  type  and  horse- 
power are  being  installed.    They  have  mechanical  stokers 


pocket  in  the  rear  of  the  boiler  room  by  a  grab-bucket 
hoist,  which  runs  on  a  track  above  the  same.  The  con- 
veyor delivers  coal  to  the  stoker  hopper  by  gravity 
through  a  discharge  chute. 

Ashes  from  the  stoker  drop  into  an  ashpit  and  are  con- 
veyed to  an  ash  bin  on  the  outside  of  the  building,  from 
where  tliey  are  carted  away  free  of  charge  by  the  city  for 
filling-ill  parposes. 

The  installation  of  the  four  new  boilers  gave  the 
observer  a  better  idea  of  their  construction  than  could 
be  obtained  by  other  means.  An  examination  of  the 
staiidpipe  showed  that  the  vertical  seam  is  lap  welded,  as 
are  also  the  tubes,  and  that  braces  and  staybolts  are  con- 
spicuous by  their  absence.  The  staudpipe  of  each  boiler 
rests  on  a  simple  foundation,  unsecured  by  any  fasten- 
ings, and  the  entire  boiler  can  expand  or  contract  at  will 
without  strain  to  itself  or  to  the  brick  setting.  As  prac- 
tically one-third  of  the  volume  of  the  boiler  is  devoted 
to  steam  space,  and  as  the  entire  surface  is  exposed  to 
the  heated  gases,  this  space  above  the  water  line  acts  as 
a  superheater. 

All  tubes  are  staggered  and  act  as  bafHes  to  the  gases 
and  eliminate  the  necessity  of  putting  in  brick  baffle 
walls.  The  weight  of  water  in  the  standpipe  tends  to 
force  the  tubes  full  of  water,  and  when  the  boiler  is 
working  there  is  a  descending  column  of  water  and  an 
ascending  column  of  steam  mixed  with  water  in  the 
standpipe.  At  the  same  lime  there  is  an  ingoing  and  an 
outgoing  stream  in  the  tulies. 

A  16-in.  steam  header  is  between  the  new  turbine 
room  and  the  nearest  row  of  boilers,  on  the  boiler  side 
of  the  wall  separating  them.  Each  boiler  is  connected 
to  the  header  by  a  6-in.  lead,  having  long-radius  bends. 
All  high-pressure  steam  piping  has  Van  Stone  joints.  The 
turbines  are  fed  from  the  main  header  through  pipe  lines 
coming  in  through  the  wall  and  fitted  with  an  angle-stop 
valve  on  the  turbine-room  side  of  the  wall.  The  pipes 
then  drop  through   the  Ihidv  and   connect  with  the  tur- 


and  carry  a  steam  pressure  of  1.50  lb.     The  boilers  are 
placed   in   two   rows  with  a   firing  alley  between,   above 

[  which  a  belt  conveyor  runs,  delivering  coal  from  the  yard 

!or  coal  ears  as  the  supply  dictates. 

Fuel    is    unloaded    from    railroad    cars,    either    into    a 

ihopper  above  the  crushing  rails,  or  is  dumped  into  a  coal 
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bines  from  the  ba.semeiit.     All  pipes  are  covered  with  a 
suitable  covering. 

SWITCHBOAKDS 

All  switchboards,  with  the  exception  of  the  arc  plug- 
board, are  in  the  old  turbine  room  on  a  balcony  on  the 
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river  side  of  the  plant.  The  balcony  is  reached  by  a 
stairway  placed  about  opposite  the  entrance  doors.  The 
switchboards  include  one  of  six  panels,  used  for  con- 
trolliug  the  rotary  converters.  It  is  shown  at  the  far 
end  of  Fig.  6.  On  Ihe  main  distributing  board,  of  21 
panels,  shown  in  the  foreground,  are  mounted  the  neces- 
sary switches,  wattmeter  and  watt-hour  meter.  The  gen- 
erator board,  Fig.  7,  contains  14  panels,  six  for  the  gen- 
erators, the  remainder  being  devoted  to  the  exciter,  cen- 
tral, power  and  lighting  circuits. 

All  high-tension  busbars  and  solenoid-controlled  oil 
switches  are  placed  in  concrete  compartments.  Fig.  S. 
Eventually  all  overhead  wiring  on  the  balcony  will  be 
removed,  which  will  odd  to  the  appearance  of  the  gallery 
and  to  that  of  the  exceptionally  well  designed  switch- 
boards. A  synchronizing  dial  is  placed  on  both  sides  of 
the  wall  separating  the  turbine  rooms,  in  sight  of  the 
o])erators  and  switchboard  attendants. 

Notwithstanding  the   maiiv   changes   which   have   been 


Efficiency  of  a  Steam  Ejector 

l-!v   F.  M.  Thoiia> 

Many  ejectors  for  raising  water  in  small  quant  a  us 
are  used  and  while  they  are  known  to  be  "steam  eatii-," 
it  is  not  generally  appreciated  how  inefficient  they  really 
are.  A  rough  test  on  a  U/^-in.  brass  ejector  of  good  make 
and  in  good  repair,  gave  these  results. 

Water  per  minute,  33  gal.  or  274  lb.  =  H' 

Temperature  of  water  in  well  was  112  deg.  =  t 

Temperature  of  water  delivered  was  142  deg.  =  T 

Water  was  raised  23  ft. 

Total  lift  including  friction  taken  as  25  ft. 

Steam  pressure  assumed  at  80  lb.  at  the  ejector. 

The  water  delivered,  W,'  includes  the  weight  of  eon 
densed    steam.      The   water   removed    from   the    well 
found  liy  an  easily  derived  formula, 
H—  T 


H—t 
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PRINCIPAL  EQUIPMENT  OF  THE  I-NITED  ELECTRIC  CO.'S  POWER  PLANT.  SPRINGFIELD,  MASS. 

Steam 
Pres- 


o.       Equipment. 

Type 

Purpose 

Kv.-a. 

Kw.    Phase 

Cycles 

Volts 

Amp. 

Hp. 

R.p.m. 

Lb. 

Size 

Manufacturers 

4       Boilers 

Porcupine. .  . . 

Steam 

400 

150 

Porcupine  Boiler  Co. 

4       Stokers 

Murphv 

Murphy  Iron  Works. 

3       Turbines 

.Single  flow... 

M.iin   units... 

4000 

iooii 

2.51  II J 

1200 
1800 

W^estinghouse  Machine  Co. 

J       Turbine , 

Double  flow. . 
Single    stage. 

Circ.  pumps 

.\uxiliary  unit.. 

IIOOO 

85 

3600 
2800 
2400 
2800 

loO 

::  :. 

Terry  .Steam  Turbine  Co. 

3       Generators. .  . 

... 

10()(l 

7200 

5300 

1800 
1200 

1 

Alt.  current.. 

Main   units.  .  .  . 

-UlOO 
(iUOO 

■••■i         ' 

60 

5500 

1800 
3600 

1     1 

Direct  curre't 

Exciter 

Power  circuit   . 

... 

35      .    . 

50 
4(1 

125 

280 
400 
320 

1200 
1800 
850 

Westinghouse  Electric  &  Mfg.  O 

Exciters 

25 

200 

350 

g     \  Generators ... 

Constant  cur- 

Arc  circuits .... 

8.000 

5 

700 

3       Engines 

Single  acting. 

Exciters 

(2300 

40  5 

154 

350 
500 

150 

8JxS" 

Westinghouse  Machine  Co. 

J     1  Motors 

Arc  gen 

60 

2800 

25 

125 

700 

General  Electric  Co. 

Induction. .  .  . 

....          .  ., 

]  2400 

21 

35 

450 



1  2200 

61 

850 

Westinghouse  Electric  &  Mfg.  C 

1       Generator 

Direct  curre't 
Jet 

Auxiliary 

Turbines 

50 

125 

4tX) 

2800 

IS"  ' 

Crocker-Wheeler  Co. 
Deane  Steam  Pump  Co. 
Westinghouse  Machine  Co. 

2     f  Condensers-  .  \ 

Leblanc 

1       Condenser. 

Jet 

Drvair 

Condensers 

16" 
10x22x18 

Deane  Steam  Pump  Co. 

2       Converters. .  . 

Rotary 

Power 

Condenser 

500            2 

60 

600 

834 

600 

1.50 

12x22xi8 

Westinghouse  Electric  &  Mfg.  0 
Alberger  Pump  &  Condenser  C 

1     )  Pump 

Three  stage. 

Centrifugal 

. 

2800 
2400 

4" 

Jeansville  Iron  Work.s  Co. 
Alberger  Pump  &  Condenser  Co. 

\    \  Strainers 

Twin 

Multiple 

Suction  pipes... 

Elliott  Co. 
Lagonda  Mfg.  Co. 

2       Filters 

Open    tank... 

Feed  water. . 

New  York  Continental  Jewell  FU- 
tration  Co. 

1       Crane..    , 

Motor  opera'd 

Turbine  room 

25  ton 

Niles-Bement-Pond  Co 

made,  during  the  past  20  years,  the  layout  of  the  various 
units  has  been  made  with  an  eye  to  saving  floor  space 
without  permitting  a  jumlilcd  appearance,  as  indicated 
by  Figs.  1  and  2. 

Because  of  the  nuiniTous  windows  in  the  turbine  rooms 
they  are  both  light  and  comfortably  cool,  even  on  a  hot 
summer's  day,  and  as  the  plant  is  built  on  the  bank  of 
the  river,  the  windows  on  that  side  of  the  building  can 
be  open  without  the  annoyance  of  dust  blowing  in  \\\w\\ 
the  machinery. 

For  June  of  this  year  tlse  average  ligliting  load  was 
1,(100,348  kw.-hr.  for  the  steam  plant,  which  is  run  in 
(onnection  with  two  hydro-electric  installations,  which 
have  a  total  capacity  of  3000  kw.  The  day  load  of  the 
steam  plant,  which  is  larger  than  the  night  load,  is  ap- 
proximately 5000  kw. 

.A  railroad  cut  througrh  coal  on  the  new  construction  work 
or  the  Louisville  &  Nashville  R.R.  in  the  northern  part  of  Ala- 
bama has  been  converted  into  a  profitable  mine  by  the  con- 
tractor, who   is  selliner  the  coal  to  his  neighbor  contractors. 


where  E  is  the  total  heat  of  the  steam  at  8<)-lb.  pressut 
or  1180.    We  then  have 

=  1180  —  142 .,       ^  .,,.,.  .,  ,, 
"'       1180— 112  ~'  ^"■'     '' 

The  weight  of  steam  required  is  of  course  the  dift'erciv 
of  ir  and  IV  or 

274  —  2(i(;.3  =  7.7  lb. 
AVater  hor.sepower  is 

^^■^  ><  -^^  =  0.202 
3  3,  (too 

This  is  useful  work. 

Weight  of  steam  jier  hour  is 

60  X  7.7  =  462  II). 

Steam  ]K>r  horsepower  per  hour  is 

462 


0.202 


=  2287 


This  indicates  that  the  use  of  ejectors  is  not  warranted 
except  where  small  quantities  if  liquid  are  occasionally  to 
be  lifted.  *" 


I 


September  2,  1912 


r  0  W  E  R 


333 


New  York's  Largest  Turbine 


SYNOPSIS — A  30,UOO-kw.  reaction  turbine  dividedinio 
tiro  elements,  the  high-pressure  running  at  1500  r.p.m. 
and  the  low-pressure  element  at  7-)0  r.p.m.  There  will 
be  two  generators,  each  running  at  a  different  si/nchron- 
otis  speed. 

Not  til  be  outdone  by  Chicago  in  turbines  of  large 
capaeity.  the  Interborougli  Rapid  Transit  Co.,  of  New- 
York  City,  has  recently  awarded  a  contract  to  the  West- 
inghouse  Machine  Co.  for  a  horizontal  turbine  of  30,000- 
kw.  capacity.  The  feature  of  this  particular  unit  will 
be  its  division  into  two  turbine  elements;  the  high-pres- 
sure element  being  a  single-flow  turbine,  operating  at 
1500  r.]i.m..  and  the  low-])ressure  clement  being  a  <biublc- 


is  reduced.  A  sutbeient  number  of  stages  may  be  intro- 
duced to  give  high  hydraulic  efficiency  without  any  me- 
chanical difficulties,  such  as  increased  length  between 
bearings,  etc.  Some  little  advantage  is  also  to  be  gained 
by  separating  the  water  between  the  two  turbine  ele- 
ments which  has  been  precipitated  in  the  steam  expan- 
sion. Either  element  is  more  reliable  and  simiile  l)e- 
cause  of  its  smaller  size.  Doubtless  there  is  some  loss 
of  efficiency  due  to  ihe  employment  of  two  generators 
instead  of  one  at  twice  the  capacity,  but  this  is  more 
than  overbalanced  by  the  gain  in  economy,  due  to  the 
two  elements  ojiei'ating  at  different  speeds.  For  want 
<;f  a  better  term  these  units  have  been  called  "cruss- 
ciin:|iound"    machines. 


30,(i!M(-Kw.     ■'Ciioss-CoMPorND"     TuRUixK   Foit  THE  Intekborough's   Seventy-Fourth    St.   Station 


flow  turbine,  operating  at  750  r.]i.m.  The  machine  is 
of  reaction  type  throughout,  and  cninparatively  low  blade 
speeds  are  involved.  It  will  be  installed  at  the  company's 
Seventy-fourth   St.   station. 

The  scheme  of  employing  two  turbine  elements  having 
the  steam  pass  serially  through  them  is  not  new'.  A 
number  of  such  units  of  from  1000-  to  8000-kw.  capacity 
were  built  by  the  Westinghouse  Co.  in  1901.  This  con- 
struction has  again  come  to  the  front  in  the  case  of  the 
English-built  Parsons  turbine,  purchased  by,  but  not 
yet  delivered  to,  the  Commonwealth  Edison  Co.,  of  Chi- 
cago. It  is  new,  howe\er,  to  employ  high-pressure  and 
;  low-pressure  elements  driving  separate  generators,  each 
at  a  different  synchronous  speed. 

When  any  turbine  is  designed  for  high  expansion  ratios 
the  engineer  is  confronted  with  the  problem  of  having 
to  deal  with  relatively  minute  volumes  of  steam  at  the 
high-pressure  end  and  enormous  volumes  at  the  low- 
pressure  end.  It  is  therefore  evident  that  if  the  high- 
pressure  portion  of  a  turbine  may  be  operated  at  twice 
the  rotative  speed  of  the  low  pressure,  this  problem  is 
largely  eliminated. 

Besides  the  gain  from  using  different  speeds,  the  divi- 
sion of  the  turbine  into  two  separate  elements  has  other 
advantages.      The  temperature   range   in   either   element 


It  is  planned  to  carry  a  vacuum  of  29  in.  on  the 
turbine  and  180  deg.  of  superheat.  The  steam-consump- 
tion guarantee  provides  for  75.75  per  cent,  of  the  energy 
available  in  the  expanding  steam  materializing  as  elec- 
trical   energy   at   the   terminals   of   the   generators. 

Igard  Water-Glass  Shield  and  Reflector 

The  Igard  water-glass  shield  and  reflector  is  designed 
to  protect  the  firemen  from  flying  glass  and  escaping 
water  and  steam,  when  working  in  the  proximity  of  a 
w^ater  column.  It  consists  of  four  split  castings,  which 
clamp  to  the  bodies  of  the  gage-glass  cocks.  These  cast- 
ings are  grooved,  allowing  the  shield,  which  is  made  in 
two  parts,  to  travel  in  their  respective  grooves. 

The  shield,  which  is  manufactured  by  the  Gardner 
Grate  Co.,  27  Burgess  St.,  Boston,  Mass.,  when  open, 
allows  a.  view  of  the  gage-glass  from  any  position  in  the 
room  in  front  of  the  boilers.  When  closed,  two-thirds 
of  the  circle  is  covered,  leaving  one-third  open  to  the  rear 
for  the  escape  of  the  flying  glass,  steam  and  water. 

The  inside  of  the  shield  is  of  flat-white  enamel,  with 
,a  red  line  down  the  center,  which  enables  the  attendant 
to  see  the  waterline  instantly.  The  apparatus  is  finished 
in    brass    or    nickel,    and    is    made    to    fit    any    water 
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Power  Plant  of  Springfield  Street  Railway  Co, 


r.v  W.  ().  lf()(n.;iis 


}^lVO/^^7^' — 'TJm  jwtver  plant  Hupflies  electrical  cn- 
rgy  to  operate  approximately  175  miles  of  street  rail- 
ay.  The  generating  units  are  in  two  rooms  and  con- 
st of  vei-tical  and  horizontal  cross-componnd  engines, 
irectly  connected  to  000-rolt,  direct-current  generators, 
'ater-iube  boilers  are   ti.-'eil,   ii'ilh    iiiei-lianical  .•<lol-er.'i. 

Xext  to  the  eeutral-lightiii.i;  ])liiiit,  the  power  plant 
f  the  Springfiekl  Street  Ey.  Co.  is  the  large.st  in  tlic 
ity  of  Springfiekl,  Mass.  This  station  supplies  ekn- 
■ical  energy  for  appro.ximately  ITS  miles  of  track.  It 
1  said  that  a  greater  percentage  of  the  inhabitants 
atronize  the  trolley  lines  than  in  any  other  city  in 
le  United  States,  based  on  the  popiilation  of  each. 

As  is  frequently  the  ca.se,  this  power  plant  is  coni- 
osed  of  two  sets  of  installations,  those  of  the  original 
oilers  and  engines  and  a  newer  section  in  which  larger 
tul  later-designed  units  have  been  installed. 

The  plant  is  built  near  the  Connecticut  Eiver,  but 
;  separated  from  it  by  the  tracks  of  the  X.  Y.,  N".  H.  & 
[.  E.R.  Condensing  water,  also  boiler-feed  water,  can 
e  had  for  the  pumping.  The  older  section  of  the  plant 
;  a  comparatively  low  brick  building,  in  which  are 
oused  eight  water-tiibe  boilers,  which  carry  150-lb. 
team  pressure.  These  boilers  are  placed  in  a  boiler 
3om  adjoining  the  end  of  the  old  engine  room.  Fig.  1, 
nd  are  set  with  the  rear  ends  toward  the  wall  separat- 
ag  the  boiler  and  engine  rooms.  Six  of  the  boilers 
re  set  on  one  side  of  a  brick  stack  which  is  175  ft. 
igh,  with  an  inside  diameter  of  8  ft.  The  two  remain- 
ig  boilers  connect  with  the  stack  from  the  opposite 
ide.  The  boilers  are  fired  by  mechanical  stokers,  six 
f  which  are  driven  from  a  sliafting  suspended  above 
iie  boiler  setting  and  driven  l)y  a  vertical  steam  engine. 


The   two  other 
and  shafting. 


stokeri- 


drivei 


a   se])aratc 


COAI,  AND  -Vsii 


Ashes  are  removed  b\  hand  from  the  a.shpit  into  an 
ash  cart  and  carried  on  an  elevator  to  a  level  witli  the 
ash  bin,  built  on  the  outside  of  the  new  boiler  house. 
The  ashes  are  dumped  into  the  bin  and  are  carted  away 
by  the  city  free  of  cost. 

Coal  is  unloaded  from  railroad  cars  into  a  hopper, 
built  under  a  spur  track,  and  is  elevated  to  a  tower  and 
then  dumped  into  a  small  industrial  coal  car,  and  after 
weighing  is  carried  to  the  coal  bin  above  the  boiler  in 
I  he  new  lioiler  house.  A  chute  permits  of  dumping 
fuel  into  a  bunker  in  the  vard  from  whicli  it  is  admitted 


Fig.  1.    Boilers  in  Old  Boiler  Eoom 


Fig.  2.    Xew  Boiler  Eoom 


Fig.  3.    One  of  the  Vertical  Engines 
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to   the    (ilil    hdilcr    roiini    through    openings    in   the    wnll 
facing  the  Ijoik'i's. 

Nhw  Boilei;  IJooii 

In  the  new  hoik'f  rooni.  Fig.  2,  there  are  eight  3riO-hp. 
water-tuhe  boilers  with  a  working  pressure  of  150  Ih. 
Thej^  have  gravity  underfeed  stokers,  driven   by  chains 


furnace  is  retarded.  Witli  a  decrease. of  steam  pressure 
the  speed  of  both  fans  and  stokers  is  increased. 

Ashes  are  removed  from  the  ashpits  into  an  asli  can 
in  the  basement  and  are  then  hoisted  on  an  elevator  to 
!lie  ash  bin  already  mentioned. 

All  blowoft'  pipes  are  connected  to  one  large  blowofl 
main  Ijaek  of  each  row  of  boilers.     The  pipes  are  placed 


Fni.  4.    Two  Views  of  the  Old  Encune  Room 


and  sprockets  indirectly  from  four  sets  of  turbine-driven 
iblowers.  The  blowers  are  belt-connected  to  line  shafts 
which  are  suspended  from  the  basement  ceiling.  By  this 
■arrangement  as  the  speed  of  the  blowers  is  reduced  with 
lan  increase  of  steam  pressure,  the  feeding  of  fuel  to  the 


beneath  the  concrete  flooring  with  the  valve  stem  of  the 
blowofp  valves  in  a  vertical  position,  the  handwheels  only 
coming  above  the  flooring. 

These  boilers  are  connected  by  smoke  flues  from  the 
back   end  to  a   225-ft.   brick  stack  with  a   10-ft.   inside 
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iiUiuMiT.  It  is  built  at  the  end  of  the  Iwiler  house  iit 
lie  end  of  one  row  of  boilers,  which  necessitates  rim- 
ing one  smoke  flue  across  the  boiler  room.  The  gases 
f  combustion  pass  Ihrough  two  economizers  on  their 
'ay   to  the   chimney. 

ENfilXK    KOOMS 

In  tlie  old  engine  room.  Fig.  4,  there  are  four  cross- 
jinpound  engines  running  condensing.  Each  is  directly 
Minected  to  a  multipolar,  60()-volt  generator,  running  at 
0  r.p.m.  These  units  are  placed  two  on  each  side  of 
lie  engine  room,  leaving  the  tloor  space  in  the  center 
mailable  for  condenser  pits  and  stairways  leading  to  the 


This  jiractice  was  started  as  a  consequence  of  reading 
an  article  on  grangerizing  or  extra  illustration,  and  it 
was  decided  that  clippings  on  any  subject  matter  are  as 
relevant  as  pictures — sometimes  more  so,  so  he  uses  both. 

The  average  engineer  owns  a  good  many  technical 
books,  at  the  same  time  he  is  forced  to  scrap  quantities 
of  reading  and  advertising  matter  in  the  current  techni- 
cal ]Hibl)cations.  Why  not  preserve  the  best  of  the  latter 
in   extra-illustrating  the   technical    books? 

In  most  all  of  such  books  the  publisher  has  left  a 
splendid  scrapbook  at  the  end  in  a  catalog  of  other 
publications.  These,  with  the  usual  flyleaves,  and  exclud- 
ing contents  and  index,  leave  available  several  pages  to 


PRINCIPAL  EQUIPMENT  OF  THE  SPRINGFIELD  STREET  RAILWAY  CD'S  POWER  PLANT. 


Equipment 
l'^  Boilers 

>  Stokers 

Engines. 

Generators Direet  Current 

Condensers \ 

\  Condenser f 


Type  Purpose 

Water  Tube Steam  Generators 

}  Boilers 

Main  Units 

Feed  Water 

Main  Units 

Corliss  Engines. . . . 
[  Vertical  Engines. 


f  Acme 
I  Taylo 
Corlis 


i  Engine Vertical  Comp. 

I  ^  ^  Direct  Current. 

Generator 

Converters Rotary 


>  Main  Units. 


asenicut.  All  engines  run  condensing  and  exhaust 
team  pipes  are  attached  to  four  i'i  and  25  by  18-in. 
3t  condensers.  An  18  and  4-1:  by  34:-in.  jet  condenser 
perates  with  each  of  the  two  large  vertical  cross-com- 
ound  engines  in  the  newer  part  of  the  plant.  One  of 
lie  units  is  shown  in  Fig.  3.  These  four-valve  engines 
ave  38  and  76  by  60  and  38  and  78  by  60-iii.  cylin- 
ers.  Each  is  directly  connected  to  a  600-volt  railway 
enerator  at  75  r.p.m. 

Two  rotary  converters  are  o])eratcd  in  the  old  engine 
oom.  The  alternating-current  side  is  25-cycle,  380  volts 
t  500  r.p.m.,  the  direct-current  being  60  volts  and  500- 
mpere   cajiacity. 

Technical  Extra  Illustration 

By  a.  L.  Haas 

A  I'riend  of  the  writers  greatly  interested  in  litera- 
ti re,  uses  a  simple  scheme  for  classifying  his  quite  con- 
iderable  knowledge  about  books.  He  takes  a  number 
f  literary  journals  and  papers  from  which  articles  he 
3  particularly  interested  in  are  cut  out  as  soon  as  read, 
joose  clippings,  being  especially  difficult  to  find  when 
.'anted,  he  pastes  at  appropriate  places  in  his  books.  He 
las  a  number  of  crowded  shelves,  the  contents  of  which 
ear  mainly  on  a  definite  period  and  a  particular  phase 
f  literature. 

As  an  intimate  of  his,  the  writer  has  been  lent  many  of 
lis  treasures.  Money  simply  could  not  buy  them,  they 
re  annotated,  marginally  penciled,  interleaved  and 
inderlined.  Parallel  passages  are  easy  to  compare.  The 
iiscrted  clippings  and  illustrations  amplify  the  text 
norniously.  E]very  book  this  friend  possesses  has  more 
ban  one  .short  biography  of  the  author  stuck  in. 

If  a  criticism  by  a  reviewer  appearf  in  a  current 
teriodical  or  newspaper  about  any  boon,  this  man  pos- 
esses,  it  is  pasted  somewhere  in  that  book.  If  an  author 
ncntions  a  particular  place,  a  magazine  illustration  or  a 
lostcard.  if  procurable,  is  stuck  in. 


Hp 

R.p.n, 

Steam 
Pressure 
1.         Lb. 

2.'j0 
350 

}-^ 

150 

12x23x18'' 
18x44x24' 


Manufacturer; 
ck  &  Wilcox  Co. 


}  Green  Fuel  Economizer  Co. 

International  Steam  Pump  Co. 
J  Blake  Pump  &  Condenser  Co. 
1  Warren  Steam  Pump  Co. 

Westinghouse  Machine  Co. 

Mcintosh  &  Seymour  Co. 

\  General  Electric  Co. 


use,  besides  the  numerous  spaces  at  ends  of  chapters. 

Books  are  greatly  enhanced  in  value  by  extra  illustra- 
tions and  clippings.  Take  one  on  steam  engines  for  an 
example  of  the  method.  The  author  has  made  a  selec- 
tion of  types,  each  machine  illustrated  being  typical  of  its 
particular  class  which  does  not  exhaust  the  tield.  From 
the  advertising  pages  of  current  periodicals  a  number  of 
illustrations  can  be  taken  to  amplify  the  text.  If  an 
engine  is  referred  to  but  not  shown,  the  next  picture  of 
it  that  is  met  with  can  be  stuck  in  along  one  edge  at 
the  most  convenient  place.  Of  great  advantage  is  the 
fact  that  the  material  compiled  by  the  author  is  section- 
alized  and  carefully  arranged  by  him.  Xo  thought  is 
needed  on  the  part  of  the  extra-illustrator  as  to  the 
arrangement ;   it  is  already  arranged. 

Discrimination  is  needed  especially  in  the  matter 
actually  pasted  in,  but  obsolete  matter  is  easily  removed 
without  destroying  the  actual  book,  if  the  clippings  are 
pasted  along  oue  edge  only  to  the  margin  of  the  page. 

It  is  even  possible  to  graft  essential  matter  from  one 
liook  into  another,  making  two  volumes  into  one,  where 
only  a  small  amount  of  relative  importance  is  found 
in  one  of  the  two  books  of  similar  subject. 

The  books  on  the  shelf  form  a  convenient  receptacle 
for  the  loose  pieces  of  paper,  and  even  when  loose  they 
are  where  they  belong.  When  inclination  and  leisure 
serve,  the  slips  are  already  in  place,  need  no  sorting 
out,  and  a  few  minutes  with  a  paste  brush  suffice  to  fix 
them  permanently. 

As  a  variation  or  extension  of  pasting  in,  pockets  can 
be  formed  of  glazed  linen  and  glued  inside  the  covers  at 
either  end  with  their  mouths  to  the  back  of  the  book. 

Books  of  quite  trivial  value  when  extra-illustrated  with 
taste  and  care  with  prints;  even  if  the  pictures  are  not 
particularly  scarce  or  rare  at  the  time  of  such  ampliiica- 
tion,  have  realized,  after  a  lapse  of  years,  quite  consider- 
able prices  to  collectors.  It  is  possible  that  technical 
books  thus  treated  may  be  found  to  have  an  added  value 
some  time  in  the  future. 
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Purchasing  or  Making  Power 


Bv  Henky  U.  Jackson 


YNOPSIS — A  case  is  cited  ivhere  the  operating  costs 
•e  much   too  high,   the   labor  exceeding   the  fuel  cost., 
comparison    of    manufactured   and   purchased    power 
'/vers  the  isolated  plant. 

The  question  of  puiehasiiig  or  making  their  own  power 

constantly  ))cfore  engineers  who  are  confronted  with 
ie  statements  of  power-com])any  representatives,  as  to 
eir  reasons  why  power  shoukl  be  purchased  from  them 
ther  than  generated  in  the  plant  under  consideration. 
Qe  of  the  latest  arguments  coming  to  my  attention  is 
[van  herewith. 

There  was  a  plant  whose  product  demanded  a  3-i-hour 
Irvice.  The  average  motor  load  would  a])proximate  75 
v.;  the  maximum,  100  kw.  The  power-plant  engineer 
ated  that  a  duplicate  outfit  of  100  kw.  normal  capacity 
lotild  be  installed  to  insure  continuous  service  instead 
'  two  t5-k\v.  machines,  which  could  easily  handle  this 
lad,  as  these  machines  are  capable  of  handling  a  50 
^r  cent,  overload  for  two  hours  and  could  handle  a  33 
if  cent,  overload  continuously. 

There  are  many  plants  where  3-t-hour  service  is  de- 
anded  for  six  days  each  Aveek  with  a  single  unit,  and 
)  more  trouble  is  experienced  than  would  ordinarily 
I  had  with  a  duplicate  unit.  It  only  requires  careful 
[tention  and  good  apparatus.  In  many  cases  a  dupli- 
;te  unit  is  not  necessary ;  but,  if  so,  it  is  not  necessary 

duplicate  the  boilers  and  other  apparatus. 
According  to  the  figures  obtained,  the  labor  for  the 
lO-kw.  plant  cited  is  $5810.  One  man  could  act  as  both 
gineer  and  fireman.  The  coal  figures  $5500  per  year 
id  the  labor  exceeds  the  cost  of  coal.  The  total  cost  is 
4,390,  including  the  fixed  charges  on  the  generating 
iparatus. 

In  the  case  of  purchased  power,  the  total  charges 
•jainst  the  plant  are  the  cost  of  power,  which  at  IV2 
ipts  per  kilowatt  hour  is  equal  to  $9750,  an  apparent 
;^ving  of  $1640.     Against  this   purchased   power   there 

no  charge  for  superintendence  and  care  of  the  equip- 
ent,  which  is  evidently  included  in  the  labor  charge 
len  power  is  generated.  Since  the  motor  equipment  is 
e  same  in  both  cases,  no  charge  is  made  against  this 

making  the  comparison.  But  in  either  case  heat  will 
'  required,  so  that  a  fireman  would  be  necessary  during 
le  winter  months  and  his  labor  charge  should  be  added 
|j  the  case  of  purchased  power,  also  the  heating  coal. 
;'  In  addition  to  this,  there  are  the  boilers  and  the  fixed 
jarges  on  these,  so  that  this  $4640  does  not  represent 
|;net  s.-'ving,  but  a  saving  of  a  fictitious  character,  or 
lie  diPerence  between  the  cost  of  power  furnished  in 
jae  esse,  and  the  cost  of  power,  superintendence  and 
;bat.  with  all  fixed  charges  included,  in  the  other  case ; 
I?.,  with  the  plant  generating  its  own  power. 
I  So  far  as  possibility  of  interruption  to  the  service  is 
iineerned,  it  would  be  necessary  to  install  a  duplicate 
ink  of  transformers  and  other  outside  protection,  to 
sure  the  purchaser  against  loss  of  power  from  the  light- 
ig  company,  as  the  chances  of  the  generator  or  engine 
nit  giving  out  are  no  greater  than  are  the  chances  of 
le  transformers  being  burned  out  from  some  cause. 


If  a  jilant  averaging  75-kw.  capacity  cannot  produce 
power  for  less  than  2.34  cents  per  kw.-hr.  when  there  are 
650,000  kw.-hr.  generated  during  the  year,  there  is  some- 
thing wrong  both  with  the  installation  and  in  the  man- 
ner of  operation. 

When  power  plants  are  installed  under  such  conditions 
and  comparisons  are  made  between  them,  and  the  ([ues- 
tion  of  purchasing  power  on  such  a  basis,  it  is  not  un- 
natural that  the  cost  of  power  in  the  industrial  plants 
should  be  high,  and  it  is  just  such  plants  which  make 
it  possible  for  the  central  station  to  get  in  its  service. 
It  is  not  fail  to  the  industrial-plant  owner  to  get  or 
accept  any  recommendations  when  it  cannot  be  shown 
that  the  cost  of  heat,  light  and  power,  in  the  case  power 
is  purchased,  is  less  than  the  cost  of  heat,  light  and 
power  when  he  generates  it  himself. 

Power  is  not  the  sole  item  of  consideration.  Heat, 
particularly  in  the  northern  latitudes,  is  of  as  much 
importance  as  power,  and  it  is  frequently  found  that  the 
cost  of  coal  for  heating  is  practically  equal  to  what  it 
would  cost  for  the  power,  if  the  heating  system  is  prop- 
erly laid  out,  and  that,  therefore,  this  item  of  coal  can 
frequently  be  eliminated  during  the  heating  season  and 
the  only  charges  to  be  made  against  the  power  are  the 
added  interest  charges  for  the  larger  boilers,  power-plant 
installation,  oil,  waste,  etc.,  with  such  additional  labor 
as  may  be  necessary  to  f^perate  the  engine  plant  in  addi- 
tion to  the  heating  plant.  During  the  summer  season, 
all  coal  must  be  charged  up  against  power. 

New  Rotary  Power  Pump 

A  new  line  of  rotary  power  ))um])s,  in  which  gear-style 
cams  have  been  substituted  for  the  three-toed  cams,  has 
been  placed  on  the  market. 

Two  sizes  are  built  by  the  Goulds  Manufacturing  Co., 
Seneca  Falls,  N.  Y.  One  has  a  capacity  of  35  to  50 
gal.  per  min.,  running  at  325  to  450  r.p.m.,  and  the 
other  has  a  capacity  of  50  to  100  gal.  per  min.,  running 
at  225  to  450  r.p.m.  Both  pumps  are  suitable  for  pres- 
sure up  to  100  lb.  or  230-ft.  elevation. 

They  are  mounted  on  a  cast-iron  bedplate,  fitted  with 
an  outboard  bearing  and  tight  and  loose  pulleys  for  belt 
drive.  The  suction  connection  is  made  witliin  the  base 
directly  beneath  the  case,  and  is  reached  through  hand 
holes  in  the  base.  The  smaller  pump  has  two  discharge 
openings,  one  tapped  for  a  pipe,  the  other  threaded  for 
a  hose  coupling.  The  larger  pump  has  three  discharge 
openings,  two  fitted  as  in  the  small  ])iimp,  and  the  third 
fitted  with  an  interchangeable  Ijlaiik  flaiii^c. 


Oklahoma    Coal    Output    in    1013    LarKer    Than    EveT — The 

total  production  of  coal  in  Oklahoma  in  1912,  according  to 
E.  W.  Parker,  of  the  United  States  Geological  Survey,  was 
3,675,418  short  tons,  having  a  value  at  the  mines  of  $7,867,331. 
These  statistics  have  been  compiled  in  cooperation  with  the 
State  Geological  Survey.  The  record  of  1912  exceeded  that 
of  the  previous  maximum  output  (in  1907)  by  nearly  33,000 
tons.  Compared  with  1911,  it  showed  a  gain  of  19.6%,  in 
quantity,  and  of  25%  in  value.  The  reason  for  the  increased 
activity  in  1912  appears  to  be  the  diminution  in  the  supply 
of  natural  gas  and  fuel  oil  in  the  markets  tributary  to  Okla- 
homa  coal. 
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-  V    ^   S  V  WiLi  Bf  Hfld  Xext  Week.  Is  Some- 
Springfikld,  Mass..  Wheue  the  Xatioxal  ^f'^^^^;;;^/*^;^^;;VoP  ^he  Factories.  Office  Buildings  axd 

.VHAT  OF  A  MAN-rFACTVRIXG   CiTY.      A  FeW   OF  "^^   P"^;";  ^^^'^^^^^'l  ™^-,j„,      FiG.   1    Is  THE  EkGIXE  EoOM 

Dkpaktmext  Stores  Are  Illustrated  ^J'^'^'^'^^'^^'^^      Thf'l^RGE  Exgixe  Drives  the  Direct-Cur- 
OF  THE  Kxox  Co.,  Maxufacturers  of  I---o^;^^!«^;°^^^j^^-^  ?JJn^L  View  of  the  Exgixe  Eook  of  thk 

liEXT    GeXERATOR    ShOWX    IX    THE    FOREGRO.XD.      ^^;^^/%\/ -™^„,,.^  THE   ELEVATOR   PUHPS  AXD   OxE  OF 
MYRICK    BUILDIXG..    CoMBIXED    OFFICE   AXD    Po^^  EK    ^''"'f^^^'X  ^^;l''^' \,,,     4    Is    A    TiEW    OF    THK    BoiLKR 

THE  Two  Motor-Drivex  Gexerators  at  the  Cextral  Fi^'^   ^^1^  ™\-      ^^^  GEXERATOR  Sets  Supply  Cur- 
EooM  OF  the  Same  Plaxt.    The  Pumps  Are  for  f^-^^^f X^Rx'.rExERGY  Is  Purchased  at  Pres- 

^,HT  FOR  TlLUMIXATIXG  THE  Ab^ACEXT  EUILDIXG  AXD    TOMl.R^     l^I^C^^^^  I^.^TALLED    EvEXTUALLY.       FiGS.    E 

EXT  FROM   THE    CeXTRAL   StATTOX     BUT  E>'«^'E?^  A^ D   ^EX  ERATOK.^^^^^  ^^^^^^,   ^^    ^,,^^^^.    ( ,,       ^j,,. 

AXD  6  Illustrate  the  Corliss  Engine  and  Eeturn-Tubular  Boiler  oi 

UFACTURERS  OF    SkATES. 
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In  Figs.  7  and  8  Is  Shown  a  Partial  View  of  thk  Engine  and  Boilek  Rooms  of  the  Massachusetts 
MUTUAL  Life  Insurance  Building,  One  of  the  Finest  Buildings  in  the  City.  The  Engine  Eoom  Is 
rYPicAL  of  the  General  Run  of  Office  Buildings,  but  the  Two  Boiler  Installations  Are  Interesting, 
'">wiNG  to  the  Method  of  Placing  the  Furnaces,  which  Are  Built  below  the  Horizontal  Shell  of  thk 
•^iTZGiBBONS  Boilers.  As  the  Furnaces  Are  of  the  Dutch-Oven  Type,  Equipped  with  Mechanical 
.■Stoker,  Quite  a  Saving  of  Space  Has  Been  Made.  The  Engine  Room  of  Forbes  &  Wallace,  One  of  the 
jArge  Department  Stores,  Is  Shown  in  Figs.  9  and  10.  The  Ctexei!Atoi!s  Are  for  Lighting  Service. 
'HE  Pumps  for  Elevator  Operation.  The  TJ.  S.  Envklope  Co.,  Envelope  Manufacturer,  Generates  all 
'Electrical  Energy  Used,  in  the  Engine  Room  Shown  in  Fig.  11.  The  Absorption  Refrigerating  Sy's- 
'EM,  Pig.  12,  Is  at  the  Eastern  States  Refrigeration  Co.  The  Pumps,  Boiler,  Etc.,  Are  on  the  Ground 
.""loor  and  But  a  Partial  View  of  the  Plant  Is  Shown. 
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Switchboard  Signaling  in  the  World's 
Largest  Power  Station 

In  the  world's  largest  power  house,  the  Keokuk  gen- 
diiting  statiou  of  the  Mississippi  River  Power  Co.,  it  is 
Jiiore  thau  800  ft.,  or  nearly  oue-sixth  of  a  mile,  from  tln' 
.-switchboard  to  the  most  remote  generator,  ajid  lui  i)ari 
(if  the  generator  room  is  visible  from  the  switchboard 
because  the  latter  is  installed  in  an  upper  story.  For 
Ibis  reason,  no  efforts  were  spared  to  make  the  signal  sys- 
tem as  dependable  as  possible. 

Transmitters  and  recei\ers  are  installed  on  each  bencli- 
board,  the  number  corresponding  to  that  of  the  generator 
( oiitroUed  by  it,  and  ylso  one  receiver  and  transmitter 
arc  placed  beside  each  generating  unit.  The  left-hand 
dial  of  each  switchboard  set  is  the  transmitter,  while  the 
upper  dial  of  the  pedestal  set  is  the  corresponding  re- 
ceiver at  the  generator.  The  lower  dial  of  the  pedestal 
set  is  the  generator  attendant's  transmitter,  while  the 
right-hand  dial  in  the  switchboard  set  is  the  correspond- 
ing receiver. 

The  transmitter  of  the  switchboai'd  set  is  operated 
bv  means  of  a  handle,  pointer,  and  dial  mounted  on  the 
'rout  of  the  benchboard  and  concentric  with  the  hand- 
wheel  which  operates  the  field  rheostat  of  the  correspond- 
ir.g  generator.  The  pointer  of  the  corresponding  receiver 
in  the  generator  room  instantly  points  to  the  same  signal. 

The  synchronous  motion  of  the  ])ointers  of  the  trans- 
mitter and  receiver  is  secured  by  means  of  snuill  induc- 
tion motors,  each  provided  with  a  three-phase  delta-con- 
nected stator  winding  and  a  single-phase  rotor  winding 
of  the  shuttle  type,  the  windings  being  exactly  alike  m 
all  the  machines,  and  corres])onding  dials  having  their 
signals  at  exactly  the  same  points  with  respect  to  the 
winding. 

Motors  for  corresponding  transmitters  and  receivers 
have  their  stator  windings  connected  in  mtiltii)le  but  not 
excited  except  by  induction  from  the  rotor  winding. 
The  rotors  are  also  connected  in  multiple  and  are  ex- 
cited from  a  single-piiase  source.  With  two  motors  con- 
nected thus,  any  motion  of  the  rotor  of  one  is  accom- 
panied by  a  corresponding  motion  of  the  rotor  of  the 
other.  Thus  each  will  always  bear  the  same  relative 
])o.sition  to  its  stator  winding.  In  .sending  signals, 
the  rotor  of  the  transmitter  is  turned  so  that  the  hand 
]iointer  on  the  dial  points  to  the  signal  it  is  desired  to 
send  and  the  rotor  of  the  connected  machine  or  machines 
instantly  moves  around  so  that  the  hand  on  the  dial  of 
the  receiver  also  points  to  the  same  signal. 

The  rotors  are  excited  froni  a  "Jo-cycle,  135-volt  cir- 
cuit with  provisions  for  automatically  throwing  them 
across  a:i  auxiliary  supply  circuit  in  case  of  failure  of  the 
main  supjjly. 

Double  push-button  switches  arc  located  on  both  sides 
of  the  transmission  handles,  and  serve  to  operate  signal 
!ani]is,  whistles  and  bells. 

To  send  a  signal,  the  switcbboai-d   o]icrator  turns  the 


handle  to  tlie  signal  he  wishes  to  .send,  this  action  moving 
the  |)ointer  on  the  dial  of  the  transmitter,  and,  conse- 
([ui'ntly.  the  pointer  on  the  dial  of  the  receiver  at  the 
generator  stand,  so  that  they  both  ])oint  to  this  signal. 
He  then  pushes  a  button  on  the  right  of  the  transmitting 
handle,  thus  lightiiig  a  lamp  on  the  generator  who.se 
ojierator  is  being  signaled  to  and  also  blowing  a  whistle 
to  attract  his  attention.  As  .soon  as  the  operator  at  the 
machine  has  read  the  signal,  he  turns  the  handle  of  his 
transmitter  to  the  same  signal,  thus  transmitting  the 
signal  he  has  received  back  to  the  switchboard  operator 
as  a  check.  Then  he  presses  the  button  at  the  right  of 
his  transmitting  handle,  thus  extinguishing  the  lamp 
and  cutting  out  the  whistle;  after  which  he  presses  the 
button  at  the  left  of  the  handle  so  as  to  light  a  lamp  iu 
the  switchboard  room  and  ring  a  bell  there  to  attract  the 
attention  of  the  switchboard  operator,  who,  after  check- 
ing the  signal,  presses  the  button  at  the  left  of  the  trans- 
mitter handle,  extiugtushing  the  lamp  and  cutting  out 
the  hell.  This  completes  the  sending  and  checking  of  a 
signal. 

The  devices  for  sending  and  checking  signals  as  out- 
lined above  were  nnuiufactured  by  the  General  Electric 
Co. 


Two  Cases  of  Hunting  1 

We  have  two  -.'iHi-kw.,  -flO-volt,  alternating-current 
generators,  direct-connected  to  12x2fx:30-in.  cross-com- 
pound AUis-C'halmers  engines,  which  refuse  to  run  ia 
parallel.  These  engines  are  fitted  with  Harting  gov- 
ernors and  run  at  150  r.p.ni.  The  exciters  are  belt-driven 
from  the  fiywheel  of  the  main  units  and  are  compound 
wound.  The  switchboard  is  titted  with  a  synchroscope 
and  the  machines  go  together  perfectly,  Ijut  in  the  course 
of  10  to  30  sec.  hunting  sets  in  and  gradually  gets  worse. 
The  speed  regulation  of  the  units  individually  appears 
to  be  good.  Any  suggestions  as  to  the  ])i-obalile  trouble 
would  be  appreciated. 

A.  X.  Kki:1!. 

Las  ^'egas.  Nev. 


We  have  one  lOO-kw..  three-phase,  230(i-volt.  GO-cyele 
generator,  direct-connected  to  a  simple  engine  of  the 
high-speed  Corliss  ty])e,  and  one  T.5-kw.,  2300-volt,  three- 
l)hase,  60-cycle  unit  direct-connected  to  the  same  type 
of  engine.  The  lOO-kw.  machine  has  33  poles  and  run.s 
at  225  r.p.m.  The  75-kw.  machine  has  28  poles,  and 
runs  at  257  r.p.m.  Both  are  of  the  revolving-field  type. 
They  will  come  together  all  right,  hut  soon  hunting  sets 
m,  so  that  one  has  to  be  cut  out  of  the  line,  and  the 
smaller  machine  will  not  carry  the  night  load.  What  can 
be  done  to  prevent  this  trouble?  The  e.xciters  are  con- 
nected to  an  equalizing  bu.sbar  and  there  is  an  equalizing 
rheostat   on   the  switchboard. 

V.    K.    STANLIiY. 

P(jnca  Citv.  Okla. 
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Trouble    with    Three-Wire    Generators 
in  Parallel 

111  a  certain  plant,  there  were  two  200-kw.,  220-volt, 
three-wire  direct-current  engine-driven  generators  in  the 
original  installation,  and  two  150-kw.  turbine-driven  units 
of  similar  type  were  installed  later,  to  take  care  of  the 
increase  in  the  load.  The  neutral  of  the  three- wire  gen- 
erators was  taken  from  collector  rings,  as  low-frequency 
alternating  current,  and  the  direct-current  neutral  tap 
was  taken  from  the  middle  of  the  balance  coils.  All  of 
the  machines  were  compound  wound,  with  the  series  tields 
divided  so  that  equal  compounding  would  be  developed 
from  each  side  of  the  circuit.  The  two  300-kw.  engine- 
driven  generators  were  eight-pole  machines,  with  four 
series  tield  coils  on  each  side  of  the  circuit,  while  the 
two  150-kw.  turbine-driven  generators  were  four-pole 
machines,  having  two  series  field  coils  on  each  side. 

As  long  as  the  load  remained  fairly  steady,  the  genera- 
tors operated  properly,  luit  as  the  load  chaiigefl.  an  at- 


with  the  engine-driven  generators,  their  voltage  instantly 
dropped  from  the  normal  voltage  of  840  to  a  point  as 
low  as  40  or  50  volts.  This  was  an  indication  that  the 
scries  fields  had  been  carrying  an  undue  amount  of  cui- 
rent,  causing  the  generators  to  partake  largely  of  the 
character  of  series  generators  and  resulting  in  fan II y 
electrical  regulation. 

Seeking  the  cause  of  this,  it  was  found  that  on  ac- 
count of  the  extreme  dittereiice  in  speed,  and  the  number 
and  size  of  poles,  the  series  field  circuits  in  the  turbine- 
driven  generators  had  only  about  one-eighth  the  resistance 
of  those  on  the  engine-driven  generators,  causing  nearly 
all  of  the  current  generated  to  flow  through  the  positiNc 
equalizer  and  series  coils  of  the  turbine-driven  genera- 
tors to  the  line,  as  sluiwn  by  arrows  on  the  sketch,  increas- 
ing the  effect  of  the  series  fields  enormously. 

Ammeters  were  used  to  determine  the  amount  of  cui- 
rent,  and  the  excess  was  often  nearly  100  per  cent,  of  the 
normal  rating.  It  was  impracticable  to  reduce  the  re- 
sistance   of   the   series    field    coils    on    the    cnaine-drivcii 


C'OXXEC'TIONS    OK    Th  l!KK- W  [KK     ( i  K\  lOKATOKS     IX     I'akA  r.I.i;l. 


tendant  would  have  to  watch  the  machines  very  closely, 
and  any  sudden  fluctuations  always  resulted  in  trouble. 
The  two  turbine-driven  generators  would  operate  in  par- 
allel with  each  other  very  satisfactorily,  but  would  not  op- 
erate projierly  in  parallel  with  the  engine  units.  Numerous 
changes  were  made  in  compounding  and  in  governor  ad- 
justments, both  on  the  engine  and  turbine  units,  but 
without  much  apparent  success. 

The  load  recently  increased  to  a  ]juint  where  the  tur- 
bines had  to  be  operated  in  parallel  with  the  engines, 
or  be  discarded,  and  as  the  exact  trouble  had  not  been 
located,  a  detailed  study  was  made  of  the  conditions  be- 
fore condemning  the  machines.  A  careful  test  vas  made 
to  make  certain  that  the  compounding  was  correct,  using 
a  water  barrel  to  create  the  load,  testing  each  machine 
separately,  and  the  machines  were  left  over-compounded 
10  volts,  as  the  builders'  specifications  called  for.  It  was 
then  observed  that  when  the  turbine-driven  generators 
were  disconnected  from  the  line,  after  being  in  parallel 


generators,  wliirli  would  lunc  been  a  little  more  efficient, 
so  the  resistaiKf  of  the  turbine-driven  generator  series 
fields  was  increased  by  the  use  of  heavy  cast-iron  resist- 
ance grids,  mounted  so  that  they  could  be  added  or 
removed  until  the  proper  amount  was  inserted  in  the 
circuit.  These  grids  were  so  designed  that  there  were  no 
serious  losses,  and  the  heating  was  scarcely  noticeable. 

When  this  work  was  completed  the  machines  operated 
in  parallel  without  any  trouble,  and  permitted  the  load 
to  be  carried  on  any  combination  of  generators  desired. 

H.  R.  Mason. 

St.  Louis.  Mo. 


The  electricity  supplied  in  the  city  of  London  i."!  in  the 
hands  of  thirty-one  separate  enterprises,  part  of-  them,  in- 
cluding the  largest  individual  outputs  being-  private  cor- 
porations and  the  rest  municipal  enterprises  by  the  various 
Borough  Councils.  Tt  is  said  one  can  find  single-phase  sys- 
teins  at  50  and  85  cycles  and  the  three-phase  systems  at  50  and 
2T}  ( ycles.  and  both  alternating  current  and  direct  current. 
three--wire    systems    at    .all    voltages. — Edison    Current    Topics. 
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Work  at  Sulzer  Bros,  in  Switzerland 

Three  vears  ago  the  editor  visited  Sulzer  Bros.,  at 
Winterthur,  expecting  to  see  the  latest  and  best  in  steani- 
cugine  building.  They  had  not  made  a  large  engine  there- 
in .several  years;  steam  engines  are  only  built  at  tho 
Ludwigshafeu  AVorks.  It  was  all  steam  turbines  and 
Diesel  engines.  This  year  he  found  that  they  had  aban- 
doned the  making  of  the  steam  turbine  also,  and  have 
pinned  their  faith,  so  far  as  power-producing  apparatus 
is  concerned,  to  the  Diesel  engine.  They  have  In-ought 
to  its  development  all  the  skill  and  experience  in  design 
and  workmanship  which  gave  this  shop  in  the  Swiss 
mountains  a  world's  record  with  its  steam  engines,  and 
are  working  out  the  internal-combustion  motor  in  large 
sizes  scientifically  and  systematically.  They  believe  it 
has  a  large  future  in  the  marine  field,  especially  if  the 
number  of  cylinders  can  be  reduced,  and  have  built  purely 
for  experimental  purposes  a  single-acting  two-stroke-cycle 
engine  having  a  cylinder  some  40  in.  in  diameter,  44-in. 
stroke  and  running  at  165  r.p.m.,  with  which  they  have 
developed  between  1600  and  ITOO  hp.  in  a  single  cylinder, 
and  out  of  which  they  hope  eventually  to  get  '2000  hp. 
If  this  can  be  done  the  powering  of  even  a  large  and  fast 
steamer  will  be  quite  practicable,  considering  that  the 
boilers  and  condensers  are  done  away  with  and  less  space 
would  be  required  for  the  fuel. 

They  have  perfected  a  reversing  gear  with  which  the 
engine  is  handled  as  positively  and  easily  as  a  steam 
engine,  and  the  valve  gear,  outside  of  the  starting  mechan- 
ism, is  reduced  to  the  fuel  valve  and  auxiliary  scavenging 
ports  above  the  exhaust  slots  in  the  cylinder,  closing 
them  during  the  expansion  stroke  but  holding  them  open 
during  the  return  stroke  and  lengthening  the  period  for 
scavenging  and  exhaust.  The  engine  is  tied  together  by 
four  massive  rods  between  the  top  cylinder  head  and  the 
bed,  relieving  the  cast-iron  cylinder  and  guides  from  the 
longitudinal  working  stress.  The  maximum  pressure 
upon  the  piston  is  some  300  metric  tons. 

One  of  the  successful  boats  fitted  with  Sulzer-Diesel 
engines  is  the  "Monte  Penedo,"  of  the  Hamburg-South 
American  Line,  which  has  made  a  successful  voyage  from 
Hamburg  to  Buenos  Ayres  and  back  and  has  lately  ar- 
rived in  Xew  York  from  another  South  American  port. 
She  is  a  6000-ton  freighter  and  makes  about  10  knots 
with  two  2-cycle  single-acting  engines  of  850  hp.  each. 

We  saw  upon  the  floor  two  Diesel  engines  for  United 
States  torpedo  boats.  It  was  somewhat  surprising  to  see, 
way  up  there  in  the  mountains,  miles  from  any  water 
which  it  would  navigate,  a  200-ft.  steamer  on  the  ways. 
These  boats  are  built  in  considerable  numbers,  fitted  with 
engines  and  boilers  and  everything  but  the  woodwork 
and  sent  to  the  Swiss  lakes.  The  one  which  we  saw  was 
a  side-wheeler  with  1000  hp.  and  was  going  to  Lake 
Geneva. 

All  this  does  not  mean  that  the  hulk  of  their  power 
work  is  marine.  They  have  built  and  are  building  many 
good-sized   Diesel  engines  for  stationary  work,  a  recent 


delivery  being  a  6-cylinder  engine  to  drive  a  2500-kw. 
alternator  for  the  A.  E.  G. 

We  have  referred  before  to  the  excellence  of  their 
boiler  work.  An  extra  bending  roll  is  used  to  avoid  the 
tangential  edge  left  by  the  three-roll  process.  The  bent 
sheet  is  then  stood  endwise  upon  a  face-plate,  the  edges 
are  planed  vertically  and  brought  together,  the  butt  straps 
bolted  on,  perfect  circularity  assured,  and  then  all  the 
holes  are  drilled  through  the  butt  straps  and  the  sheets, 
no  punching  being  used  anywhere  in  the  process.  We 
saw  a  boiler  shell  8.5  ft.  in  diameter  and  9.5  ft.  long 
made  of  a  single  sheet. 

Centrifugal  pumps  is  another  of  their  products,  and 
they  are  handling  heads  of  2000  ft.  with  eight  stages. 

One  department  of  the  works  is  devoted  to  heating 
boilers,  radiators  and  heating  af)paratus,  which  they 
manufacture  in  great  quantities.  They  have  a  number 
of  installations  in  which  the  exhaust  of  Diesel  engines 
is  used  for  heating  purposes. 

New  Method  of  Cooling  Gas  Engines 

In  a  paper  read  before  the  Institution  of  Mechanical 
Engineers,  at  Cambridge,  on  July  29,  Prof.  Bertram 
Hopkinson,  who,  for  many  years,  has  been  engaged  in 
research  in  connection  with  gas-power  plants,  described 
a  new  method  of  cooling  the  cylinders  and  pistons  of 
gas  engines. 

Ordinarily  about  30  per  cent,  of  the  heat  value  of  the 
fuel  passes  from  the  hot  gases  to  the  cylinder  walls  and 
pistons.  In  order  to  prevent  the  overheating  of  these 
parts  under  test  conditions,  it  is  necessary  to  provide  a 
water  jacket  around  the  cylinder,  and,  in  the  case  of 
large  engines,  to  circulate  water  through  the  pistons  and 
around  the  exhaust  valves.  Most  of  the  disadvantages 
under  which  the  gas  engines  labor  are  due  directly  or 
indirectly  to  this  fact.  The  complicated  and  thick-walled 
castings  required  for  the  cylinders  are  apt  to  crack  under 
the  influence  of  the  wide  variations  of  temperature,  and 
overheating  of  deposits  on  the  internal  walls  of  the  com- 
bustion chamber  causes  pre-ignition,  so  that  it  is  not 
always  practicable  to  work  a  gas  engine  continuously  at 
its  maximum  output. 

The  idea  of  introducing  water  into  an  internal-com- 
bustion engine  is  not  new.  It  is  a  common  practice  in 
oil  engines  to  introduce  water  along  with  the  oil  in 
order  to  permit  the  compression  to  be  raised,  and  water 
has  been  injected  into  gas  engines  for  the  purpose  of 
preventing  preignition.  Proposals  have  also  been  made 
to  introduce  water  for  the  purpose  of  cooling  parts  of 
the  metal.  Xone  of  the  latter,  however,  have  been  prac- 
tical, if  indeed  they  have  ever  been  more  than  just  pro- 
posals on  paper,  apparently  because  their  originators  did 
not  appreciate  the  conditions  which  must  be  satisfied  with 
the  injected  water  to  act  as  an  effective  cooling  agent.  If 
the  water  be  turned  into  steam  before  reaching  the  metal 
it  will  not  exert  any  cooling  effect,  except  indirectly  by 
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lowt'ring  Uie  temperature  of  the  tiame.  .ami  sueh  lowered 
temperature  is  accompanied  liy  a  considerable  loss  of 
efficiency.  On  tlie  other  hand,  water  which  reaches  the 
walls  in  liquid  form  and  is  there  evaporated,  absorbs 
out  of  the  heat  given  to  the  walls  by  the  gas  the  whole 
I  if  its  own  heat  of  evaporation,  and  there  is  no  loss  of 
ihcrmodynamic  efficiency,  because  the  heat  used  is  waste 
heat,  which,  in  a  jacketed  engine,  would  go  to  warm  the 
cooling  water. 

The  author  claims  that  it  is  of  uo  use  to  inject  the 
water  in  a  fine  spray,  or  to  introduce  it  into  the  gas 
or  air  pipe,  so  that  it  is  carried  in  suspension  in  the 
incoming  charge,  or,  as  is  often  done  in  oil  engines,  to 
spray  it  in  along  with  the  oil.  Although  some  of  these 
devices  have  proved  useful  for  the  prevention  of  pre- 
ignition  and  for  the  softening  of  the  explosion,  none  are 
effective  for  the  purpose  of  cooling. 
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The  author  foimd,  however,  that  by  injecting  water 
in  comparatively  coarse  jets  against  the  internal  surface 
of  the  cylinder,  and  the  head  of  the  piston,  the  metal 
can  be  kept  cool  without  materially  cooling  the  gases, 
with  the  result  that  there  is  no  loss  of  efficiency.  The 
temperature  of  the  parts  can  be  ])erfectly  controlled,  and 
simple  single-walled  castings  can  be  used  for  the  cylin- 
ders. 

E.xperiments  of  Dugald  Clerk,  the  author,  and  others 
have  shown  that  the  rate  of  heat-flow  from  the  gas  into 
the  metal  is  far  more  rapid  at  and  soon  after  the  instant 
of  ignitiou  than  at  any  other  time.  It  seems  likely  from 
these  experiments  that  for  practical  purposes  the  heat 
flow  into  the  barrel  of  the  cylinder  during  the  last  three- 
fourths  of  the  expansion  stroke  might  be  so  small  com- 
pared with  that  in  the  first  period  that  direct  cooling 
of  this  portion  of  the  cylinder  could  be  dispensed  with 
iltogether.  This  anticipation  has  been  found  correct, 
md  it  has  been  found  necessary  only  to  direct  the  spray 
[against  the  walls  in  the  combustion   chamijcr,   and   the 


piston,  the  rest  of  the  cylinder  being  kept  cool  by  con- 
duction. Cold  water  is  injected  through  a  hollow  cast- 
ing projecting  into  the  combustion  chamber  and  provided 
with  a  number  of  nozzles  or  holes  about  i^  in.  in 
diameter,  from  which  the  jets  are  projected  against  the 
metal  surfaces. 

For  the  purpose  of  experiment,  an  Iiy2x31-in.  Crossley 
engine,  rated  at  -10  iiji.,  was  fitted  with  a  new  cylinder 
consisting  of  a  plain  l)ari-el  without  a  water  jacket.  A 
section  of  the  cylinder  is  herewith  shown.  The  injection 
rose  is  a  hollow  casting  projecting  into  the  combustion 
chamber  and  provided  with  35  holes,  as  shown.  The 
drip  from  the  rose  suffices  to  cool  the  exhaust  valve.  A 
simple  plunger  pump  driven  by  a  cam  injects  a  charge 
of  water  once  in  a  cycle,  lasting  from  about  30  deg. 
before  to  30  deg.  after  the  point  of  ignition,  during  which 
jDeriod  practically  the  whole  of  the  sliding  surface  of  tlie 
barrel  is  covered  by  the  piston.  The  quantity  of  water 
used  was  about  "^.4  II.].  [jer  brake  horsepower-hour,  and 
the  temperature  of  the  engine  ranged  from  150  to  ISO 
deg.,  C.  The  engine  consumed  about  15  cu.ft.  of  coal 
gas  per  brake  horsepower-hour,  both  when  it  was  water- 
jacketed  and  after  being  fitted  with  the  new  cylinder. 

Tests  at  other  loads  showed  that  with  a  weak  mixture 
the  gas  consumption  is  slightly  increased  by  the  water 
injectic]!,  but  with  very  rich  mixtures  it  is  a  trifle  less. 
The  difference,  however,  does  not  exceed  5  per  cent,  either 
way,  and  on  the  average  it  may  be  said  that  the  economy 
is  unafi'ected  by  the  use  of  this  method  of  cooling. 

This  engine  was  .set  to  work  driving  a  dynamo,  and 
its  speed  was  increased  from  180  to  195  r.p.m.,  when  it 
was  found  capable  of  developing  50  b.hp.  for  many  hours, 
an  increase  of  25  per  cent,  on  its  original  maximum  safe 
load.  It  has  now  been  running  for  a  total  period  of  5000 
hr.  on  regular  work,  giving  no  trouble  at  all,  and  the 
combined  wear  on  both  cyliiider  and  piston  is  less  than 
0.01  in. 

To  regulate  the  water  supply  in  accordance  with  the 
load  the  pump  is  connected  to  the  governor,  which  is  of 
the  hit-and-miss  type,  so  that  the  jiump  only  takes  a 
stroke  when  the  engine  takes  gas. 

With' a  throttle  governor  a  corresponding  regulation 
is  easily  provided.  A  simple  thermostat  has  also  been 
devised,  which  automatically  controls  the  supply  of  water 
during  starting  and  when  the  engine  is  running,  quite 
satisfactorily. 

In  case  of  failure  of  the  water  supply,  nothing  hap- 
pens except  that  the  engine  slowly  heats  up,  and  after 
ten  minutes  or  so,  preignitions  occur,  bringing  the  engine 
to  a  standstill.  Xo  damage  results  from  this,  but  to 
guard  against  any  possible  danger  a  fusible  safety  plug 
is  screwed  into  the  combustion  chamber,  which  melts  if 
the  cylinder  gets  too  hot,  and  the  noise  of  the  escaping 
gases  warns  the  attendant. 

The  system  has  also  been  applied  to  an  engijie  of  105 
hp.,  and  to  one  of  1000  hp. ;  in  each  case  the  original 
cylinder  was  u.sed,  without  water  in  the  jacket.  The 
large  engine  was  run  under  load  30  hr.  without  a  stop ; 
after  a  short  stop  for  adjustments,  it  ran  for  70  hr. 
without  a  stop,  driving  a  factory,  and  developing  an 
average  of  800  hp.  The  whole  of  the  injection  ap- 
paratus for  the  1000-hp.  engine  cost  only  $100,  and 
within  a  few  hours  of  putting  it  on  the  engine  it  was 
doing    all    the    work    of    the    coolin.ii    iower,    centrifugal 
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pumps,  etc.,  previously  used.  An  18x24-iii.  two-stroke- 
cycle  siiigle-aetiug  engine  has  been  built  for  use  witli  the 
new  system,  and  is  now  \indergoing  trials. 

New  Gas  Producer 

In  the  May  5^1  issue  we  described  at  some  length  tin! 
Ilhner  two-stroke-cyele  gas  engine — a  product  of  the 
Reading  Iron  Co.  More  recently,  however,  this  com- 
pany has  taken  up  the  producer  end  of  the  problem  and 
lias  developed  a  producer  for  use  with  eitlicr  anthracite 
or  bituminous  coals. 

As  shown  in  the  illustration,  this  producer  while  rep- 
resenting nothing  radically  new,  nevertheless,  combines 
a  number  of  the  well   recognized  points  of  good  design. 


Section   TiiROUGii   1ii:.\uixg   PRODUCEit 

Perhaps  the  most  imporlant  feature  is  the  agitation  of 
the  fuel  bed  by  a  rotating  water-sealed  ash  tray,  thus 
tending  to  eliminate  blow  holes  by  a  twisting  action 
through  the  hottest  part  of  the  combustion  zone,  and  at 
the  same  time  continually  removing  the  ashes. 

A  uniform  blast  distribution  is  attained  by  having  the 
blast  tuyeres  consist  of  three  separate  hoods  which  rotate 
with  the  ash  tray.  The  pvassages  from  the  central-blast 
pipe  to  the  hood  chambers  are  contracted  so  as  to  main- 
tain the  same  blast  pressure  to  each  chamber.  The 
vaporizer  forms  the  upper  part  of  the  producer  and  the 
blast  saturation  is  automaticalKy  controlled  by  a  thermo- 
stat in  the  blast  pipe. 

A  rachet  drive  actuates  the  ash  tray  at  a  slow  speed — 
several  revolutions  per  hour ;  and  the  tray  is  so  designed 
as  to  permit  any  of  its  parts  being  replaced  without  dis- 
turbing the  stationary  shell. 

For  bituminous  coal  installations  a  cooling  tower  and 
mechanically  operated  gas  scrubber  are  furni.«hed.  This 
scrubber  is  of  the  centrifugal  type  and  carries  a  two- 
stage  rotor  consisting  of  a  pair  of  spaced  disks  provided 


with  radial  blades  on  both  sides  of  each  disk.  The  casing 
is  divided  into  two  communicating  compartments,  each 
of  which  encloses  one  of  the  bladed  disks,  thus  forming 
two  independent  stages  for  the  tar  extraction.  A  set  of 
nozzles  at  each  stage  directs  the  water  spray  toward  the 
rotor  blades. 


Splash  Lubrication 

In  the  July  29  number  Mr.  Westwood  tells  how  he 
cut  down  the  oil  bill  on  a  vertical  gas  engine  $300  per 
year  by  lowering  the  oil  level  in  the  crankcase  and  adding 
a  pump  to  his  splash-feed  .sy.stem. 

Xow,  it  seems  to  me  that  the  great  beauty  of  the 
splash-oiling  system  is  its  simplicity  and  reliability. 
Therefore,  if  possible,  it  should  be  adjusted  to  distribute 
the  oil  properly  without  recourse  to  such  complications 
as  pumps,  piping  and  feed  cups.  Instead  of  lowering 
the  oil  level  in  the  crankcase  I  like  to  raise  the  level 
until  the  bearings  have  copious  streams  of  oil  pouring 
through  them.  Then  I  cut  down  the  amount  of  oil  that 
splashe.s  up  into  the  cylinder  by  baffles  made  of  sheet 
metal.  One  may  usually  be  placed  across  the  lower  end 
of  the  cylinder  with  a  slit  across  it  for  the  connecting 
rod  to  work  in.  This  slit  should  not  be  made  too  small 
as  the  air  below  the  piston  has  to  flow  back  and  forth 
between  the  cylinder  and  crankcase  at  every  revolution  of 
the  engine.  If  this  baffle  is  not  enough,  others  may 
often  be  placed  on  the  connecting  rod,  traveling  up  and 
down  with  it,  sometimes  below  and  sometimes  above  the 
stationary  baffle.  In  one  place,  where  I  could  not  place 
baffles  at  any  of  these  points,  I  fastened  one  to  the  piston, 
hanging  it  several  inches  below  the  lower  end  of  the 
]jiston,  with  a  slit  in  it  for  the  connecting  rod. 

I  probably  am  something  of  a  crank  when  it  comes  to 
splash  lulirication,  as  I  have  even  used  it  on  a  horizontal 
engine.  It  worked  very  well,  but  there  were  so  many 
baffles  that  an  agent  of  the  makers  thought  someone  had 
Iieen  putting  junk  in  the  engine  for  the  purpose  of  wreck- 
ing it.  This  engine  ran  "over";  I  have  never  tried  it 
on   an   engine  running  "rmder." 

FliEl)    BooxE. 

Davidson.  Okla. 


Peat  Production  Small 

While  the  United  States  is  the  richest  country  in  the 
world  in  the  deposits  of  peat,  little  active  work  is  done 
in  mining  or  digging  it.  So  far  as  is  known  very  few  of 
the  peat-fuel  plants  established  have  gone  beyond  the  ex- 
perimental stage  and  many  of  them  have  never  been 
equipped  with  essential  machinery. 

l?eports  from  all  known  peat-fuel  plants  in  the  United 
States,  according  to  an  advance  chapter  from  "Mineral 
Resources,  1912,'"'  on  the  production  of  peat  in  1912.  by 
Charles  A.  Davis,  show  that  with  one  exception  they  were 
idle  during  the  summer  of  1912. 

The  output  of  peat  fuel  was  reported  as  about  1300 
tons,  valued  at  $1550.  All  this  peat  was  sold.  A  copy 
of  the  report  on  peat  may  be  obtained  free  on  applica- 
tion to  the  Director,  U.  .S.  Geological  Survey.  Wasbing 
ton,  D.  C. 
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Ammonia  Condensers 

By  Fked  Opiiuls 
Several  new  types  of  opeu-air  ammonia  coiuleiiser8  have 
recently  been  put  on  the  market  with  certain  claims  ol" 
superiority,  and  it  appears  not  untimely  to  say  a  feu- 
words  ou  this  subject.  There  are  four  distinct  classes  of 
ammonia  condensers  and  these  again  may  be  subdivided 
into  several  types,  each  varying  in  their  general  arrange- 
ment and  in  the  relative  directions  of  flow  of  the  cooling 
water  and  ammonia. 


Before  studying  the  efFect  of  the  design  and  construc- 
tion on  the  efficiency  of  operation  during  each  of  the.sc 
separate  periods  a  brief  description  of  tlie  various  type.- 
will  be  given.  Only  those  types  and  designs  most  com- 
uKiuly  used  will  be  considered. 

( 'oxnuxsKHs  Classifiki) 

Ammonia  condensers  may  be  classilied  as  follows: 
Open-air   or   atmospheric    condensers — Flow   of    waler 
perpendicular  to  the  flow  of  ammonia,      (a)    The  \vatcr 
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Fro.  1.    A  L.MifiK  Typh   (a)   AxMosPHEnic  Condenser 


The  I'Liiietion  of  an  ammonia  condensei'  is  tn  cool  and 
liquel'y  at  the  lowest  economical  prcssui'e  tlic  ((impressed 
animonia  vapors  discharged  into  it.  The  wdi-k  done  iii 
the  condenser  can  be  divided  into  the  following  distinct 
periods: 

1.  Superheat  period,  during  which  the  sensible  heat 
of  the  vapor  is  removed,  that  is,  the  temperature  of  the 
superheated  vapor  is  reduced  to  the  teniperattire  of  lique- 
faction. 

2.  Liquefaction  period,  during  which  the  latent  heat 
is  removed,  that  is,  the  vapor  is  liquefied. 

3.  Liquid  forecooling  period,  during  which  some  sen- 
sible heat  is  removed  from  the  liquid,  that  is,  the  liquid 
is  cooled  below  the  temperr,ture  at  which  it  is  liqueficil. 


and  ammonia  flowing  in  the  same  general  directidii. 
(b)  The  water  and  ammonia  flowing  in  general  iu  oppo- 
site directions,  commonly  called  counter-current  type, 
(e)    A  combination  of  types  (a)  and  (b). 

Double-pipe  condensers — Flow  of  water  parallel  to  flow 
of  ammonia,  (a)  Counter-current  ty])e.  (b)  A  combi- 
nation of  counter-current  flow  and  Ibiw  in  the  same  direc- 
tion. 

Surface  condensers — (a)  Spiral-enil  types.  Flow  of 
water  perpendicular  to  flow  of  aniiiionia.  (b)  Straight- 
tube  types.  Flow  of  water  parallel  to  flow  of  amnion i,i 
either  counter-current  or  a  combination  of  counter-eiir- 
7'ent  flow  and  flow  in  the  same  direction. 

Submerged    condensers — (a)    Spii'iil-coil    types.      I'^iou 
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jf  water  periJcii<iicular  <ir  iiaiallcl  to  i\u\\  ,:i  ^nuinoiiia. 
(b)  Straiglit-coil  type.  A  i-oiiiljinatioii  cf  |iai-alli'l  and 
perpcudicular  flow. 

Figures  1  to  14,  inclusive,  are ,  illustrations  of  llie 
iiost  (■oiumon  designs  of  these  various  typos.  In  ih\A 
issue  only  atmospheric  condensers  will  be  conj^idercd,  ))ut 
;lie  other  three  classes  will  follow  in  a  later  issue. 

OPEN-.Vllt  OR  AT.MOSI'HIClflC   CONDENSERS 

Type  (a)  condenser,  illustrated  in  Figs.  1  and  2,  con- 
sists of  one  or  more  vertical  stands  of  pipe  coils,  eacli 
raade  up  of  either  24  or  18  two-in.  20-ft.  lengths  of  pipe 
jlaced  horizontally  and  joined  into  one  continuous  coil 
3y  means  of  return  bends.  The  ammonia  in  the  form 
:>i  vapor  enters  each  coil  at  the  free  end  of  the  top 
)ipe  and  leaves  condensed  into  a  liquid  at  the  free  end 
3f  the  bottom  pipe'.  This  construction  requires  that  the 
lot  ammonia  vapor  comes  in  contact  with  the  cooling 
vater  at  its  lowest  temperature  and  the  liquid  ammonia 
eaves  at  the  point  where  the  water  has  attained  its  maxi- 
num  temperature.  These  conditions  of  operation  do  not 
produce  the  lowest  liquefying  pressure  and  lowest  final 
;emperature  of  the  liquid. 

Due  to  this  condition  efforts  have  been  made  to  design 
m  open-air  condenser  making  use  of,  at  least  to  some 
;xtent,  the  counter-current  principle. 

In  Fig.  3  is  shown  a  counter-current  condenser  (type 
(b),  which  fulfills  most  of  the  requirements  of  economic 
operation.  '  This  condenser  is  of  the  same  general  con- 
i'lTUction  as  the  condensers  above  described,  but  the  hot 
immonia  vapor  enters  at  the  free  end  of  the  bottom  pipe 
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An  Atmospheric  Condensei: 
Current  Type 
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and  by  means  of  liquid  drip  pipes,  attached  at  the  fourth, 
eighth,  twelfth  and  sixteenth  pipes  from  the  bottom,  for 
the  coils  34  pipes  higli,  and  at  the  fourth,  eighth  and 
twelfth  pipes  for  the  coils  18  pipes  high,  the  liquid  is 
drained  ofE  practically  as  soon  as  it  forms,  so  that  most 
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Fig.  3.   Another  Atmospheric  Condenser  of  the  Same  Gener.\l  Type  as  Fig.  1 
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of  the  l)ipe  suii'iU-L'  is  .available  foi'  liquel'viiig  purposes. 
This  arrangement  of  the  ammonia  and  water  currents 
brings  the  condensing  water  at  its  initial  temperature 
in  contact  with  the  liquefying  vapor  and  the  hottest 
water  with  the  cooling  vapor. 

Fig.  '1  illustrates  another  type  of  counter-current  open- 
air  ammonia  condenser,  in  which  the  ammonia  vapor 
enters  tlie  free  end  of  the  bottom  pipe  and  the  liquid 
ammonia  leaves  at  the  free  end  of  the  top  piiie.  This 
type    was    recently    designed    and    constructed    by    Louis 


Fig.  -1.    Oi'KN-Aiii  Ammoxia  ('oxnuxsmi.  Ht-ock 
iSysteji 

Block,  consulting  engineer,  hi  these  condensers  all  the 
liquid  ammonia  condensed  must  be  forced  upward  by 
the  current  of  the  ammonia  vapor  so  that  it  can  be  dis- 
charged from  the  top  pipe.  This  requirement  is  entirely 
opposite  to  the  principle  adopted  for  the  design  embodied 
in  the  condenser  shown  in  Fig.  3. 

Type  (c)  condenser,  a  combination  of  types  (a)  and 
(b),  was  constructed  with  the  idea  to  offset,  at  least  to 
some  extent,  the  disadvantages  of  type  fa).  From  Figs. 
5  and  6  it  will  be  seen  that  the  hot  ammonia  vapor  enters 
at  the  free  end  of  the  bottom  pi25e  and  flows  up  through 
the  lower  two  or  three  pipes  respectively,  and  is  then 
brought  by  means  of  a  \ertical  riser  into  the  top  pipe. 
The  purpose  of  this  construction  is  to  remove  the  vapor 
superheat  in  the  lower  pipes  and  liquefy  the  vapor  as  it 
flows  down  through  the  upper  ])ipcs,  tin-  liquid  finally 
leaving  at  the  ends  of  the  third  (n-  lil'tli  pipes  from  the 
bottom,  respectively.  The  ])urp()sc  of  the  ejector  A, 
shown   in   Fig.  (!,  will  be  c-\i)laiiie(l   hereafter. 


Ammonia  in  Brine 

In  PowEK  of  July  S  there  was  a  short  article  on  the 
effect  of  ammonia  in  calcium-chloride  brine  when  used 
in  a  refrigerating  system.  My  experience  with  brines  of 
all  classes  leads  me  to  feel  that  while  the  general  trend 
of  this  article  is  correct  it  may  be  somewhat  misleading, 
for  the  reason  that  there  are  on  the  American  market 
several  chlorides  which  in  name  are  called  calcium  chlo- 
rides, whereas  in  fact  they  are  mixtures,  mechanical  or 
otherwise,  of  at  least  two  and  generally  three  chlorides, 
namely,  calcium  chloride,  magnesium  chloride  and  sodium 
chloride,  in  varying  proportions  according  to  the  brine 
from  which  they  are  crystallized.  The  action  of  ammonia 
on  a  straight  calcium-chloride  product  is  not  the  same 
as  on  one  of  these  mixed-chloride  products  when  they 
are  dissolved  in  water  to  make  brine. 

Calcium  chloride  is  not  precipitated  from  brine  by  the 
addition    of    amnioiiia.    whereas    magnesium    chloride    is 


Fig. 


A'nr()si'ni';i;i('   ('oxuioxsi:i;.   Tyi'i;    (c) 


precipitated  in  amounts  varying  with  (be  riuiditions  at- 
tendant. Under  ordinary  conditions  sodium  chloride  is 
not  precipitated  by  ihc  addition  of  ammonia.  In  this 
matter  we  are  chiefly  concerned  with  the  relative  behavior 
of  calcium  chloride  and  of  magnesium  chloride  toward 
ammonia,  either  gaseous  or  in  solution  in  water. 

In  the  article,  of  which  this  is  a  discussion,  the  state 
ment  is  made  that  when  ammonia  gets  into  a  calcium- 
chloride  brine  that,  unless  the  ammonia  content  becomes 
sufficiently  high  to  keep  down  the  amount  of  calcium 
chloride  which  will  dissolve  in  the  given  amount  of  water, 
there  will  be  no  bad  effects,  in  fact  the  freezing  point  of 
the  brine  will  be  somewhat  lowered. 


Hot  Gas  from 
Compressor 
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Fig.  G.   Anotheb  Design  of  Type  (c)  Coxdenser 
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III  the  case  of  iiii-xetl-cliloridf  Ijrines,  according  to  iiiv 
sxperienee,  ammonia  at  once  precipitates  out  of  solution 
the  magnesium  chloride  which  in  this  reaction  is  eon- 
verted  to  magnesium  hydroxide.  The  result  of  this  action 
is  the  reverse  of  that  noted  above  in  the  case  of  a  straight 
:-alcium-chloride  brine,  for  with  the  loss  of  magnesium 
?hloride  from  the  brine  the  freezing  point  actually  rises. 
When  this  occiirs  a  sludge  is  formed  in  the  brine,  in 
imount  proportional  to  the  amount  of  ammonia  which 
las  entered  into  the  brine.  If  this  sludge  is  of  sufficient 
amount,  with  the  corresponding  rise  in  freezing  point, 
is  has  been  the  case  in  several  instances  of  which  the 
ivriter  is  cognizant,  it  has  happened  that  the  whole  cir- 
culating system  for  the  brine  has  become  clogged  and  in 
it  least  one  case  pump  heads  have  been  forced  off  on 
:his  account.  Needless  to  say,  there  is  also  the  danger 
jf  a  heavy  sludge  forming  in  the  bottom  of  the  brine 
:anks,  an  occurrence  likely  to  cause  much  difficulty  in 
:he  operation  of  the  plant. 

For  a  more  definite  treatment  of  this  subject  the  writer 
ivould  refer  the  reader  to  an  article,  written  by  the  writer, 
ippearing  in  Ice  &  Refrigeration,  Vol.  48,  No.  2,  p.  91, 
February,  1912,  which  gives  quantitatively  the  results  of 
massing  ammonia  gas  into  brines  of  the  following  descrip- 
:ion:  Each  brine  was  of  a  strength  equivalent  to  1.2 
ip.gr.  at  23  deg.  C.  Distilled  water  was  used  in  each 
•ase  to  dissolve  the  chlorides. 


per  cent,  calcium  chloride,  12.12  per  cent,  magnesium 
chloride  and  0.43  per  cent,  sodium  chloride,  the  remain- 
der being  water  of  crystallization. 

When  ammonia  was  passed  into  tlicse  brines  no  pre- 
cipitation took  place  in  the  case  of  brines  1  and  3, 
whereas  in  the  case  of  brines  2  and  4  immediate  pre- 
cipitation took  place.  Under  certain  conditions  fully 
97.5  per  cent,  of  the  total  magnesium  chloride  in  brines 
2  and  4  was  precipitated  out  of  the  solution  in  the  form 
of  a  heavy,  white  sludge. 

Considering  the  character  of  the  brines  used  in  these 
tests,  there  can  be  no  question  with  regard  to  the  differ- 
ent behavior  of  ammonia  toward  them,  the  brines  affected 
by  the  addition  of  ammonia  being  in  each  case  those 
which  contain  magnesium  chloride.  As  noted  above, 
ammonia  does  not,  except  in  the  presence  of  carbon 
dioxide  gas  in  excess,  precipitate  sodium  chloride  from 
solution. 

Morgan  B.  Smith. 

Detroit,  Mich. 


Log  Sheet  for  Ice  Plant 

The  writer  offers  herewith  a  daily  log  sheet  that  will 
provide  a  detailed  statement  of  the  practical  operation 
of  a  compression  can-ice-making  plant.  Keeping  such  a 
record  stimulates  the  engineer  to  his  best  efforts  and  the 
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HIGHEST  TEMPERATURE  OBSERVED                                                                                 WEA.THER    CONDITIONS 

STEA1     BOILERS 

REFRIGERATING  MACHINES 

STEAM    CONDENSERS 

WATER   TEMPERATURES                 |    | 

No 

Stcir+ed 

Stopped 

Hr    Run 

Nn, 

Started 

Stopped 

At  R.RM. 

No 

Started 

Stopped 

Hr.  Run 

Boiler  Feed 

1 

1 

I 

Storage  Tank 

2 

2 

2 

Filler  Water 

3 

S 

3 

Cooler  Water 

4 

4 

4 

River  Water 

5 

Total  Machine  Tons 

TotalCondenserHr 

Condensing  Water 

6 

Condenser  Pressure 

Condenser  Vacuum 

Condenser  Discharge 

TotijI  Boilers  Hours 

Back  Pressure 

Exhaust  Line- 

Liquid  Ammonia  Line 

No. 

River  Pumps 

Hr.  Run 

K'o. 

Evaporators 

Hr   Run 

»o. 

feeneratinq  Units 

Hr.  Run 

METER    READINGS                          '|    | 
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1 
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City  Water 

1 

1 

2 

Boiler  Feed 
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7, 

Liqhtlnci 

Total  Pump  Hours 

Total  Evcrporator  Hr.    j 

Total  Machine  Kwrhr. 

Power 

ICE    TANK  TEMPERATURE    ANO    TIME   RECORDS                                                                                                           I    | 

o^ 

Time  6  AM.  to  6  PM. 

Amount  of  ke 

1" 

Time  6  P  M.to  6  k.n 
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8 
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5 

Pullec 

In  Tank 

& 

7 

8, 

3j  10  1  11      17      1 

2 

3      4 

5 

Pulled 

In  Tank 

Temperis- 

ures 

Temperatures 

1 

2 

i 

_A_ 



L= 

i-=i 

Lz: 

^ 

=^ 

i;:^ 

= 



^i;;^ 



L=^ 

:;;= 

J J 

-M 
15 
14 









' 

=:^ 

— 

— 

1=] 

r 

1 

"" 

= 

= 

' 

— 1 

= 

NO.  ROW  STARTED 

NO.  ROW  riNlSHED 

NO.  ROW   STARTED 

NO.  ROW   FINISHED 

1  1 

Clen-.ing  Boilers 

Walter  Filters  Washed 

N<5. 

(oeneral    Remarks 

Cleaning  Economizer 

Welter  Coolers  Washed 

Cleoninq  Condensers 

Filler  Lines  Wiished 

Cle^ninq  hiapora\orh 

Discharge  Lines  Washed 

CleianinciCake  Filters 

Deoderizers  Washed 

Chief  Enflineer 

_ 

'■°""                                                                                                                                                                                                                                                             1 

ide 


I.  Brine  made  up  with  chemically  pure  calcium  chlo- 


ip   with   chemically   pure   magnesium 


2.  Brine   made 
hloride. 

3.  Brine  made  up  with  a  commercial  straight  calcium 
hloride  containing  no  magnesium  chloride,  but  with 
omething  like  1.5  per  cent,  sodium  chloride. 

4.  Brine  made  up  with  a  commercial  mixed-chloride 
)roduct  containing  the  three  chlorides,  calcium,  mag- 
lesium  and  sodium,  the  original  chloride  eontaininff  53.90 


list  of  daily  records  soon  becomes  a  valuable  reference  by 
which  past  and  present  operation  may  be  compared. 
The  records  also  furnish  the  management  with  the  de- 
tails of  operation  and  the  conditions  existing  in  the 
plant.  More  confidence  will  be  placed  in  the  engineer 
who  furnishes  such  reports.  For  his  own  benefit  as  well 
as  the  general  welfare  of  the  plant,  every  engineer,  no 
matter  how  small  the  plant,  should  keep  some  record  of 
the  daily  operation. 

New  York  City.  M.  J.  Ellsworth. 


I 
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Progress  in  Gas-Engine  Design 

Tlie  now  method  of  tooling  gas  engines,  devised  by 
^rofesgor  Hopkinson  and  described  elsewhere  in  thi-- 
ssue,  deserves  close  attention  in  view  of  the  important 
learing  it  may  have  upon  the  fnture  of  the  gas  engine. 
?he  success  which  has  been  attained  with  this  system, 
n  an  engine  of  one  thousand  horsepower,  which  was 
lot  even  specially  designed  to  suit  the  new  conditions, 
ndicates  that  the  costly  castings  hitherto  required  for 
he  cylinder,  as  well  as  the  elaborate  provision  for  cooi- 
ng and  circulating  the  cooling  water,  might  as  well  be 
lispensed  with;  a  simple  single-walled  cylinder  will  suf- 
Lce,  and  the  piston  will  require  no  internal  circulating 
i^ater.  Moreover,  the  speed  and  output  of  the  engine 
Qay  be  materially  increased.  All  these  factors  combined 
fou\d  apparently  reduce  the  cost  per  horsepower  by  pcr- 
laps  twenty-five  or  thirty  per  cent.,  thus  at  once  bring- 
ng  the  gas  plant  into  keen  competition  with  the  steam 
ilant  as  far  as  first  cost  is  concerned. 

The  system  can  hardly  be  regarded  as  in  the  e.xperi- 
iiental  stage,  since  a  forty-horsepower  engine  fitted  with 
'rofessor  Hopkinson's  cooling  device  has  already  run 
or  five  thousand  hours  under  ordinary  load  conditions, 
nd  was  found  to  be  in  no  way  adversely  affected  by  the 
pplication  of  the  cooling  water  to  the  interior  of  the 
ylinder. 

The  gas  plant,  when  working  under  favorable  condi- 
ious,  can  already  show  remarkable  results  in  running 
osts.  The  increased  reliability  conferred  upon  it  by 
he  new  method,  wliich  practically  eliminates  the  risk 
'f  cracked  cylinder  heads  and  wreckage  of  the  engine 
lue  to  a  failure  of  the  cooling-water  supply,  will  remove 
ine  of  the  most  weighty  objections  to  its  adoption. 

It  should  be  observed  that  this  new  development  is 
[ot  a  chance  discovery,  but  the  fruit  of  })rolouged  in- 
estigation  and  research  on  scientific  lines.  Professor 
lopkinson  is  a  son  of  Dr.  John  Hopkinson,  whose 
plendid  work  in  laying  the  foundations  of  scientific 
lynamo  design  insured  him  a  place  in  technical  history. 

Negligence  of  Elevator  Operators 

Engineers  of  experience  in  office  buildings  having 
;ydraulic  elevators  know  of  the  many  troubles  occasioned 
ly  the  carelessness  of  operators.  In  large  buildings  the 
ituation  is  aggravated  by  the  operators  usually  being 
inder  the  direction  of  the  janitor.  The  chief  engineer 
aving  no  authority  over  them  cannot  properly  discipline 
hem  when  they  are  guilty  of  carelessness.  The  janitor, 
nowing  little  or  nothing  about  machinery,  cannot  ap- 
ireciafe  to  what  extent  his  operators'  carelessness  causes 
janiage  and  makes  unnecessary  work  for  the  engineering 
jepartment. 

I  A  favorite  trick  with  many  operators  is  to  depend  ui>on 
Irie  automatic  to  stop  the  car  at  the  top  floor  instead  of 
ising  the  control  lever.     Usually  it  works,  but  there  arc 


times  wlien  it  does  not,  and  then  there  is  a  collision 
with  the  overhead  works  and  more  or  less  serious  damage 
is  done. 

It  is  useless  for  any  of  the  engineering  force  to  attempt 
to  catch  operators  depending  solely  on  the  automatics  by 
riding  with  them  to  the  top  floors.  They  do  right  when 
watched.  But  the  negligent  ones  may  easily  be  detected 
by  observing  the  pilot  \alves  and  tli(>  governor  cables  at 
the  bottom  of  the  shaft. 

One  company  owning  a  group  of  ollice  buildings  having 
a  total  of  about  forty  elevators  has  created  an  elevator 
de])artment  separate  from  the  engineering  department. 
The  head  of  this  department  is  responsible  for  the  opera- 
tions of  cars,  repairs  of  all  elevator  machinery  except 
the  pumps,  and  has  charge  over  all  the  operators.  In 
a  card  system,  each  operator  has  a  card  on  which  is 
recorded  the  date  and  nature  of  every  accident  to  the 
car  he  was  operating  at  the  time  and  whether  or  not  he 
was  responsible  for  the  accident.  Careful  operators  whose 
habits  are  commendable  receive  more  pay  than  those  who 
are  less  attentive  to  their  duties. 

The  results  of  the  new  system  are  indeed  gratifying. 
There  is  no  more  friction  between  the  janitor  and  the 
chief  engineer  or  elevator  foreman,  and  overhead  colli- 
sions because  of  failure  to  stop  with  the  operating  lever 
are  \'cry  rare. 

Similar  systems  might  be  adopted  in  other  office  build- 
ings,  hotels,   department   stores,   etc.,   with   good   results. 

Cincinnati  Smoke  Rules 

After  considerable  study  and  investigation,  the  Boiler, 
Furnace  and  (Stack  Code  Commission  of  Cincinnati  has 
handed  in  its  report,  as  told  on  page  349  of  this  issue. 

Like  many  of  the  Middle  Western  cities,  Cincinnati  is 
troubled  with  the  emission  of  objectionable  smoke  from 
the  furnaces  of  steam  boilers,  stationary,  locomotive  and 
marine.  Unlike  many  cities,  Cincinnati  has  ai^preciated 
that  siuoke  abatement  is  an  engineering  problem.  Engi- 
neers are  doing  the  work  that  requires  engineering  tal- 
ent instead  of  leaving  it  to  a  health,  building,  or  some 
other  incompetent  department. 

The  ])roposed  rules  (perhaps  adopted  by  the  Council 
since  we  went  to  press)  give  the  Smoke  Inspection  De- 
partment authority  to  sui)ervise  the  construction  of  all 
boiler  furnaces  and  require  alterations  to  furnaces  not 
in  oper.ition  if  such  are  necessary.  The  smoke-density 
indicator  is  good  when  used  correctly  and  equitably,  a 
thing  not  done  by  most  authorities  res])onsible  for  the 
enforcement  of  city  smoke  ordinances. 

We  would  recommend  to  such  authorities  and  to  the 
Smoke  Inspection  Department  of  Cincinnati,  the  man- 
ner of  determining  when  a  stack  becomes  a  nuisance, 
that  is  followed  by  the  Smoke  Inspection  Department 
of  Chicago : 

Instead  of  holding  as  a  nuisance  a  stack  which  emits 
smoke  of  No.  3  or  -t  Ringelmaun  chart  for  a  stated  time. 
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establish  a  "smoke  unit"  system  (see  Power,  page  202, 
Aug.  6,  1912).  Otherwise  owners  of  a  chimney  emitting 
smoke  of  say,  Xo.  2  Eingelmann  density  for  ten  hours, 
thus  producing  a  gi'eat  amount  of  smoke,  will  not  be 
within  the  law,  while  owners  of  stacks  emitting  smoke 
of  Xo.  '■')  density  for  a  short  time  only  could  be  prose^ 
cuted.  Most  any  central-station  plant  will  produce  ob- 
jectionable smoke  for  short  periods  when  quickly  dis- 
turbing the  banked  fires  to  meet  the  suddenly  great  load 
fluctuations  due  to  summer  showers,  etc. 

In  the  smoke-abatement  movement  that  is  becoming 
so  widespread  there  is  one  fact  that  engineers  should 
emphasize.  That  is,  that  when  burning  many  if  not 
all  grades  of  bituminous  coal  under  usual  operating  con- 
ditions, it  is  impossible  to  obtain  actual  smokeless  com- 
bustion. It  should  be  made  clear  that  with  care  and 
proper  furnaces,  combustion  of  such  coal  will  produce 
smoke,  but  of  a  density  and  volume  that  is  not  objection- 
able. 

Citizens,  ignorant  of  the  problems  of  smoke  abate- 
ment, believe  statements  liy  some  engineers  or  pseudo 
engineers  that  ''absolutely  smokeless  combustion  is  pos- 
sible," and  the  most  unreasonable  demands  are  made 
of  the  smoke-inspection  authorities  and  owners  of  boiler 
furnaces. 

Boiler  Tube  Failures 

A  recent  tube  failure  in  an  almost  new  water-tube 
boiler  serves  as  a  reminder  that  such  accidents  are  a 
source  of  constant  danger.  A  recognized  authority  re- 
cently stated  that  the  loss  of  life  and  limb  e.\acted  by  tube 
failure  in  water-tube  boilers  probably  exceeds  that  due  to 
any  other  class  of  boiler  accident. 

The  particular  failure  here  mentioned  resulted  in  the 
death  of  one  man  and  the  serious  injury  of  another.  The 
boiler,  of  the  box-header  type,  was  one  of  three  in  a 
modern  ofBce-building  plant  and  had  been  in  service  less 
than  18  months.  Two  boilers  were  in  service  at  the  time 
of  the  accident,  which  occurred  at  3  o'clock  iu  the  after- 
noon, while  the  third  was  out  for  cleaning.  The  boilers 
are  equipped  with  chain-grate  stokers  and  the  boiler  room 
is  arranged  with  two  floors,  one  at  the  usual  level,  a  few 
feet  below  the  grate  level,  and  another  immediately  be- 
neath, for  receiving  and  handling  the  ashes.  The  tube 
which  failed  was  the  fifth  from  one  side  and  in  the  bot- 
tom row.  The  failure  occurred  about  30  in.  from  the 
front  end  and  on  the  bottom  side  of  the  tube ;  the  rupture 
was  about  14  in.  long.  Part  of  the  liberated  steam  forced 
its  way  down  through  the  grate  into  the  ash  room  while 
the  balance  came  out  into  the  fire  room.  An  automatic 
non-return  valve  prevented  the  other  boiler  on  the  line 
from  emptying  its  contents. 

Of  the  two  men  on  the  firing  floor  one  escaped  by 
hurrying  into  the  engine  room,  the  doors  of  which  were 
closed  as  quickly  as  possible.  The  other  ran  up  a  ladder 
and  escaped  into  a  tunnelway,  suffering,  however,  a 
rather  severe  scalding  before  he  coiild  get  out  of  range. 
A  third  man  was  at  work  in  the  ashroom  and  his  only 
means  of  exit  was  a  ladder  which  extended  up  through 
the  fireroom  to  a  floor  above.  He  got  part  way  up  this 
ladder,  but  as  conditions  in  the  fireroom  were  as  bad  as 
in  the  ashroom  he  was  overcome  before  he  could  reach 
safety.  He  was  taken  out  as  soon  as  help  could  reach 
him  and  died  in  a  hospital  a  few  hours  later. 


The  opinion  unanimously  entertained  by  the  boiler 
manufacturer,  insurance  company's  in.spector  and  the  city 
boiler  inspector  is  that  the  failure  was  caused  by  the 
presence  of  oil  on  the  surface  of  the  tube,  preventing 
the  water  from  conducting  the  heat  away  rapidly  enough. 
The  lips  of  the  rupture  were  almost  as  sharp  as  a  knife 
edge,  indicating  that  the  tube  had  been  greatly  elongated 
circumferentially  before  the  break  developed.  The  high 
ductility  thus  shown  precludes  suspicion  of  a  defect  in 
the  tube  itself. 

The  investigation  following  the  accident  brought  out 
the  fact  that  the  oil  separators  apparently  had  not  been 
operating  effectively  and  that  the  presence  of  excessive  oil 
in  the  boilers  was  known.  One  boiler  had  been  thoroughly 
cleaned,  the  second  was  being  cleaned,  and  the  third,  the 
one  in  which  the  tube  failed,  was  to  be  cleaned  as  soon 
as  possible. 

While  oil  is  by  no  means  the  only  cause  of  tube  failure, 
it  certainly  is  an  important  one.  And  the  regrettable 
feature  of  failures  due  to  this  cause  is  that  they  could 
all  be  avoided  by  the  reasonable  use  of  preventive  means. 
A  good  filter  to  supplement  the  customary  oil  separators 
is  a  splendid  insuraj\ce  against  trouble  from  oil  getting 
into  the  boilers.  Regular  inspection  of  the  apparatus 
provided  for  extracting  the  oil  and,  above  all,  thorough 
inspection  of  the  interior  surface  of  the  boilers  should  be 
considered  cardinal  duties  by  every  engineer.  Because  a 
tube  cleaner  does  not  gouge  out  great  piles  of  scale  when 
it  is  run  through  the  tubes  it  does  not  necessarily  follow 
that  the  boiler  is  in  an  economical  and  safe  operating 
condition. 

The  fact  that  every  tube  failure  does  not  result  fatally 
encourages  the  impression  that  such  failures  are  of  but 
minor  importance.  And,  perhaps,  this  point  of  view 
tends  to  heighten  the  danger  through  neglect  of  precau- 
tion, a  condition  resulting  from  contempt  bred  of  fa-j 
miliarity.  I 

Besides  oil,  another  fruitful  source  of  failure  is  in-] 
hereut  defects  in  the  tube  which  ordinarily  are  undis-' 
coverable.  It  is  well  known  that  a  defective  weld  .seldom 
shows  on  the  surface.  Besides,  even  when  surface  indi- 
cations are  present,  the  chances  of  discovery  are  small 
because  a  large  proportion  of  the  tubes  are  beyond  the 
reach  or  vision  of  the  inspector.  Careful  inspection  at 
the  shop,  although  rm.satisfactory  at  best,  is  about  tli^' 
only  precautionary  means  against  accidents  due  to  ilc- 
fectively  welded  tubes. 

Although  seamless  tubes  offer  freedom  from  danger  iluc 
to  this  source,  they  have  the  disadvantage  of  not  al' 
being  of  uniform  thickness.     With  the  cold-drawn  i 
it  is  said  that  internal  .strains  are  produced  which  suna- 
times  cause  the  tube  to  break  simply  when  heated.     .A.n- 
nealing  practically  eliminates  this  tendency. 

Then,  numerous  tube  failures  occur  without  the  sliuht- 
est  apparent  cause.  A  welded  tube  will  frequently  break 
elsewhere  than  at  the  weld  and  without  being  corroded 
or  weakened  iu  any  apparent  manner  and  without  evi- 
dence of  overheat int!'.  Possil  ly  these  causes  which  can- 
not be  foreseen  tend  to  increase  carelessness  with  regard 
to  detecting  and  eliminating  those  that  are  discoverable 
At  any  rate,  there  is  no  doubting  that  if  all  manufac- 
turers and  all  plant  operators  would  exercise  greater 
precaution,  the  number  of  accidents  would  be  markedly 
reduced.     Their  ]>resent  frequency  is  ap]ialling. 


Septonili.T  2.  1913                                                         POWER  341 

iilliiiiiiiiiiiii mil iiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiii iiiinii nil iiiiiiiiiiiiiiiiiiiii iiiiiiin iiiiiiiiiiiiii iiiiiiini i nil inn iiiiiiiiiiiii iiiiiiiiii iiiiiiiii iiiiiiiii i ii iiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiniiiiii| 

READERS     WITH     SOMETHING    TO     SAY   | 


liiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiii II iiiiiiii I iiiiiiii mill Ill iiiiiiiiiii IIIIIIIIII I IIIIIIIIIIIIIIIIIIIIIIIIIIIII I I iiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiDiii 


Cause  of  Defective   Diagrams 

rhe  diagrams.  Figs.  1  and  2,  were  taken  from  a  10x12- 
automatic  engine,  initial  pressure  80  lb.,  and  running 
)  r.p.m.    The  scale  of  the  indicator  spring  was  40. 
After  taking  Fig.  1  the  valve  was  taken  out  and  filled 
h  water,  which  showed  that  it  leaked  in  the  |)ort  or 
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DiAGIiAM   FROM    ExGINE   WITH    LliAKY    X'aLVE 


Fk;.  :!.  Typio  of  Valvk  That  Leaked 

riaust-steam  jiassage.     After  a  new  valve  was  put  in  and 
b:diagram,  Fig.  2,  taken,  the  back  of  the  old  valve  was 
]  led  down.     Large  blow-holes  were  then  visible,  their 
3ition  being  indicated  bv  the  arrows.  Fig.  S. 
rank  Bapids,  Mich.  James  Boetsma. 

Repaired   Scored  Valves  and  Valve 
Seats 

1  the  plant  where  1  am  employed  we  have  an  ll.xl4- 
high-speed,  riding-cutoff,  shaft-governor  engine  that 
ia|been  in  service  20  years,  20  hr.  per  day,  365  days  per 
I,  and  is  still  giving  good  service. 

ast  winter  this  engine  began  to  run  at  dangerous 
ids.  It  was  not  .safe  to  throw  off  the  load  unless  we 
'e  a  jump  for  the  throttle  at  the  same  time.  Indicator 
js  at  no  load  showed  late  enough  cutoff  on  the  head 
to  cause  the  engine  to  run  awav. 
fter  examining  the  governor  adjustments,  valve  rod 
rocker-arm  and  finding  nothing  wrong  the  steam 
t  was  examined  and  a  broken  rib  on  the  cutoff  valve 
found,  which  caused  the  valve  to  spring  and  the  leak- 
of  steam  was  sufficient  to  lift  the  valve  from  its  seat 
admit  enough  steam  to  the  head  end  of  the  cylinder 
'oduce  a  dangerous  speed  at  light  loads. 
;ie  broken  valve  was  repaired  by  the  oxyacetyleue- 
ing  process  and  scraped  to  a  tight  fit,  after  which  the 
le  ran  at  normal  speed. 

le  week   later   the   main    valve   started   a   continual 
ming.     Upon  examination   of  the   valves,   the  other 


lib  of  the  cutoff  valve  was  found  broken,  due.  no  duulit, 
to  the  strains  thrown  upon  it  when  the  first  rib  broke. 
It  was  also  found  that  chips  from  the  broken  rib  had 
worked  under  the  main  valve  and  badly  cut  the  valve  face 
and  seat.  It  took  three  days  of  hard  work  to  scrape  and 
fit  the  main  valve  and  seat,  and  put  in  a  new  cutoff  valve. 
All  engineers  were  cautioned  to  use  plenty  of  cylinder 
oil  until  the  freshly  scraped  valves  and  seats 
were  worn  to  a  jiolish.  At  this  time  the  feed- 
ing of  the  lubricators  bothered  by  slowing  up, 
due  to  a  very  heavy  grade  of  cylinder  oil  be- 
ing used.  Everything  went  smoothly  for  three 
days  when  a  careless  employee  allowed  the 
lubricators  to  .slow  up,  or  perhaps  stop  en- 
tirely, and  the  seats  were  again  badly  cut, 
the  first  intimation  being  a  slamming  of  the 
main  valve,  due  to  steam  rushing  under  it 
and  lifting  it  from  its  seat. 

It  took  three  more  days  and  part  of  three  nights  to 
again  r,3fit  the  main  valve.  This  incident  leads  me  to 
believe  that  there  are  many  engines  damaged  by  lack  of 
sufficient  cylinder  oil,  due  to  the  neglect  and  carelessness 
of  the  men  intrusted  with  their  care. 

Esthervillo.    Iowa.  E.  C.  SuTTON. 


Truing  Crankpin  by  Hand 

A  ].ihinci-  that  is  liaiiiiy  for  quickly  turning  down  pins 
that  are  worn  out  of  round  is  shown  in  Fig.  1.  This 
device  is  of  great  value  when  there  is  not  time  to  send 
the  pins  to  a  machine  shop.  It  is  made  of  two  pieces 
of  hard  wood  bolted  together,  with  iV-in.  liners  inserted 
at  A  and  bored  to  fit  the  largest  place  on  the  pin.  The 
handles  are  cut  out  of  the  pieces  of  wood  forming  the 


F16.1  F1G.2  FIG.3 

Plaxek  AM)  Its  ArrLicATioN  to  Pixs 

blocks,  and  the  length  of  llu'  handles  and  width  of  the 
block  must  be  made  suitable  for  the  job  undertaken.  A 
hole  is  cut  in  the  block  at  B  to  take  a  i^-  or  %-in.  tool ; 
square  steel  is  preferred,  and  is  to  fit  the  hole  snugly. 
A  plate  is  set  in  the  block  at  C  drilled  and  tapped  to 
fit  a  14-  or  %-in.  setscrew  and  set  nut  to  feed  the  tool. 
Two  oil-holes  at  D  should  have  stoppers  so  that  the 
oil  cannot  run  out  when  the  "planer"  is  turned.  Tlie 
blocks  should  be  bolted  together  very  solidly  and  ju.st 
bind   slightly  on   the  pin.     The  tool  slioidd   have  a  lip. 
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with  very  little  clearaiiro,  and  set  down  so  that  a  very 
light  cut  is  taken  while  plenty  of  oil  is  kept  on  the  pin. 
Turning  down  a  pin  in  this  way  is  nuu-h  easier  and 
iiuifker  than  filing  a  pin  and  makes  a  good  joli  if  the 
liners  arc  removed  as  occasion  requires  to  kee])  llic  f)UHk 
close  to  the  pin.  We  had  six  crosshead  i)ins  of  the  type 
shown  in  Fig.  2,  which  were  hadly  worn,  and  at  every 
)iort  at  which  we  sto'iped  for  a  short  time,  one  was  taken 
down  and  turned  off  with  one  of  these  planers  until  all 
were  in  good  condition.  A  splendid  job  was  also  done 
on  the  port  high-pressure  craukpin,  Fig.  ;5,  which  was 
](j  in.  in  diameter.  When  turning  these  "planers"  a 
slight  pressure  in  the  direction  that  the  tool  is  to  cut, 
wiU'act  as  a  feed,  and  with  a  little  practice  as  smooth 
and  nice  a  cut  will  be  taken  off  as  one  would  take  on  a 
lathe.  Care  must  be  taken  to  prevent  too  many  shavings 
tiom  getting  under  the  wood.  This  can  be  prevented  liy 
having  the  tool  near  the  edge  and  just  enough  offset  on 
it  so.  that  it  will  cut  at  the  edge  of  the  blo(  k. 
■  Philadelphia,  Penu.  K.  D.  Gu.vxt. 

Safety  Valve  Sticks 

When  we  started  "ur  new  plant  we  had  one  boiler  in 
commission  and  we  raised  the  pressure  to  125  lb.,  at 
which  the  safety  valve  opened  as  desired.  The  valve 
would  not  close,  however,  until  the  steam  pressure  had 
decreased  nearly  50  11\ 

Investigation  revealed  that  the  hushing  at  the  top 
of  the  valve  through  which  the  steam  passed  was  too 
snug  a  fit  and  when  the  stem  and  bushing  became  heated 
by  the  steam,  the  stem  became  fast  and  stuck  until  it 
contracted  enough  to  move.  By  making  the  stem  hole 
in  the  bushing  a  trifle  larger  the  trouble  never  recurred. 

Xew  Westminster,  B.  C.  C.  J.  Wilkk. 


to  set  the  damper  to  different  notches  or  jjoints  of  open 
ing,  ascertain  hy  flue-gas  analysis  the  thickest  tire  thn 
can  be  carried  on  the  grates  which  will  yield  good  eff 
cieucy  with  ilanipcrs  wide  o|)en.  Then,  to  meet  a  suii 
den  demand  for  this  full  capacity,  mul  meanwhile  hav 
the  best  combustion  attainalile,  the  iiremen  are  instructe 
to  keep  their  grates  covered  evenly  with  good  solid  fir 
of  the  thickness  rccpiired  foi-  carrying  the  full  overloac 
and  regulate  the  draft  atcording  to  tlie  intermediate  d< 
mauds. 

When  the  overload  comes  on.  there  is  then  no  undu 
opening  of  fire-doors;  no  chilling  effect  of  stoking  gree: 
fuel — or,  in  fact,  of  stoking  any  green  fuel  for  some  tim 
after  the  dampers  have  l)wn  thrown  wide  open,  and  regu 
lar  firing  for  the  peak  load  is  begun  and  continued  witli 
out  interruption. 

It  is  true  that,  after  waiting  for  the  peak  load  wit 
dampers  partly  closed  and  carrying  a  thick  fire,  CO,  ma 
rise  as  high  as  16  per  cent.,  and  there  may  be  a  rise  i 
percentage  of  carbon  monoxide  and  a  drop  in  the  effi 
ciency.  This,  however,  will  be  only  temporary  for.  wit 
most  favoraljle  conditions  present,  the  highest  efficieue 
is  soon  recovered. 

Employing  a  CO^  recorder  during  the  regular  workin 
load,  it  is  soon  ascertained  what  rate  of  firing  and  opei 
ing  of  damper  are  mcst  favorable  to  economy.  Then  b 
stoking  and  operating  ibe  clamper  appropriately  for  th 
rate  of  combustion  neees.'^ary  to  keep  up  steam  for  th 
regular  working  load,  and  observing  the  indication  of  th 
CO2  recorder,  it  is  soon  learned  how  to  hold  the  regula 
load  with  best  economy  while  thus  prepared  for  a  pea 
load,  and  while  certainty  and  economy  in  carrying  th 
peak  load  are  assured,  very  fair  economy  may  be  thus  al 
tained  for  the  intervals  between  peak  loads. 

Timmer,  X.  D.  T.  E.  Griffith. 


Preparing  for  a  Peak  Load 

U])on  taking  charge  of  a  new  plant,  I  have  found  it  was 
customary  for  the  fireman  to  provide  again.st  a  peak  load 
by  having  a  pile  of  coal  handy  and  the  fire  clean  of  ash. 
Usually  the  draft  is  open,  there  is  a  thin  fire  on  the 
grates  and  the  boiler  setting  is  allowed  to  become  cool. 
These  conditions  are  more  generally  found  if  the  pre- 
vailing load  is  light. 

Lowering  of  the  boiler  pressure,  due  to  unusual  de- 
mands for  .«team,  is  usually  the  first  and  only  warning  to 
the  fireman  that  the  peak  load  has  been  added. 

He  then  throws  open  the  fire-doors  and  fires  heavy 
and,  if  the  draft  of  steam  continues,  he  finds  the  steam 
pressure  continues  to  drop  and  his  efforts  are  generally 
rewarded  with  little  success  in  holding  up  the  steam,  un- 
less he  is  relieved  of  some  of  the  load  long  enough  for 
the  boiler-furnace  walls  to  become  properly  heated  for 
combustion  to  continue  with  temperature  sufficient  for 
the  increased  load. 

Such  conditions  result  in  com])laints  of  plant  manage- 
ment and,  in  turn  the  firemen  complain  of  shortage  of 
boiler  capacity.  The  time  when  peak  loads  may  be  ex- 
pected is  generally  known  and  I  believe  I  have  met  with 
considerable  success  in  overcoming  the  difficulties  in 
carrying  heavy  fires  in  anticipation  of  peak  loads. 

My  method  is  first  to  provide  a  stack-dam])er  gearing 
which  is  within  convenient  reach  of  the  fireman  for  him 


Fire-Clay  Furnace  Arch  " 

A  furnace  arih.  which  may  hel])  out  in  an  emergenc] 
or  where  the  furnace  fires  are  not  driven  hard,  may  b 
constructed  of  a  mixture  of  cement  and  fire  clay.  JIak 
a  form  of  two  boards  of  the  desired  height,  fasteuei 
together  at  the  ends  with  strips  of  wood.  Cut  two  arc! 
pieces  to  set  on  top  of  the  side  pieces,  secure  strips  0 
wood  3  in.  wide  and  as  long  as  the  form,  and  nail  then 
on  the  arched  pieces ;  then  secure  all  in  place,  after  clean 
ing  out  all  old  firebrick  around  the  door  at  the  boile 
front.  One  end  of  the  mould  should  butt  against  tb 
boiler  front,  the  bottom  resting  upon  the  dead  plate. 

Mix  one  pound  of  portland  cement  to  each  10  lb.  0 
fire  clay,  and  have  the  mixture  fairly  stiff,  but  wet  an( 
properly  mixed.  Pack  the  mixture  in  firmly  around  th' 
mould,  having  it  at  least  9  in.  thick,  if  possible.  Addiii! 
cement  assi-sts  in  a  quick  .set. 

The  arch  should  stand  at  least  one  week  before  a  Ao\ 
fire  is  started.  Do  not  try  to  remove  the  wooden  form 
but  allow  it  to  burn  away.  If  a  double-door  arch  i 
required,  make  two  boxes,  leaving  space  for  the  fire  cla 
between  them.  I  have  known  of  arches  built  in  this  wa^ 
to  last  for  years.  Xo  skill  is  necessary  in  doing  thi 
job.  The  expansion  will  probably  cau.se  a  few  cracks  i 
appear,  but  they  will  be  no  worse,  and  probably  not  f 
bad  as  those  which  form  in  firebrick  arches. 

Toronto,  Out.,  Can.  J.uies  E.  Xoblb. 
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Heated  Eccentric 

Referring  to  tlu'  ijnniiry  ol'  II.  L.  I!.,  in  July  1  issue, 
I  suppose  there  are  eci-eiitric  straps  that  are  not  bab- 
bitted, but  I  have  had  no  experience  with  them.  If  a 
babbitted  eccentric  strap  runs  hot  enough  to  soften  the 
babbitt  so  that  it  "runs"  or  slips,  the  oil  grooves  and  holes 
are  in  danger  of  being  covered  by  the  slipping  babbitt. 
This  must  be  determined  by  an  examination  of  the  inside 
of  tlie  strap.  If  the  babbitt  has  run  into  the  grooves 
it  should  be  dug  out  with  a  pointed  scraper.  Very  often 
when  babbitt  gets  that  hot  some  of  it  slips  onto  the 
extreme  heel  of  the  strap  and  remains  there,  forming  a 
rough  spot  on  the  strap  heel  that  should  be  removed 
with  a  Scraper  before  tlie  eccentric  strap  is  used  again. 
So  that  it  11.  L.  li.  had  a  babbitted  eccentric  strap  and 
It  ran  so  hot  as  to  slip  the  babbitt,  he  should  do  more 
than  insert  shims  to  remedy  the  trouble. 

H.  6.  (ilBSON. 

Washington,  D.  C. 

Thermal    Loss   in  Four-Valve  Engines 

In  his  article  ''Corliss  Versus  Four-Valve  Engine,"  on 
page  49,  July  8,  issue,  C.  R.  McGahey  states  that  "The 
thermal  loss  is  greater  in  the  four-valve  engine,  as  the 
temperature  of  the  cylinder  is  changed  about  twice  as 
often  as  with  the  Corliss  engine."  This  statement  seems 
to  me  to  be  very  much  open  to  doubt,  as  the  surface  of 
the  cylinder  is  much  less  in  the  four-valve  engine  than 
in  the  Corliss,  and  the  fact  that  the  alterations  in  tem- 
perature take  place  so  rapidly  must  operate  to  reduce 
the  losses  as  there  is  no  time  for  any  part  of  the  cylinder 
except  the  thinnest  skin  to  participate  in  these  changes. 

A.    H.    PUGH. 

Cincinnati,  Ohio. 


Strain  on  Stay-Bolt 


In  the  Item,  ■"Strain  on  Stay-Bolt,"  p.  834,  June  10 
issue,  the  elasticity  of  the  bolt  and  boiler  plate  have  been 
neglected.  While  the  effects  of  elasticity  are  uncertain 
and  to  be  on  the  right  side  of  safety  it  may  be  cus- 
tomary to  disregard  elasticity  in  ordinary  computations, 
an  analysis  of  the  conditions  goes  to  show  that  in  a  case 
of  this  kind  elasticity  has  considerable  influence  on  the 
stresses  both  before  and  after  subjecting  the  boiler  to 
steam  pressure.  If  the  boiler  stay  consisted  of  a  helical 
pull  spring  and  the  boiler  sheet  sprung  when  the  original 
8000-lb.  strain  was  put  on  the  stay,  then  when  10,000-lb. 
steam  pressure  comes  against  the  plate,  the  stay  would 
become  farther  elongated,  but  the  boiler  plate  would 
spring  back  toward  its  original  position ;  or  in  fact  there 
might  be  sufficient  strain  in  the  stay  to  elongate  it  so 
much  as  to  permit  the  plate  to  bulge  outward  beyond  its 
normal  shape  and  thus  relieve  the  stay  of  all  strain  due 
to  the  outward  spring  of  the  plate.  In  any  event  the 
strain  en  the  stay  would  be  the  strain  due  to  the  boiler 


pressure  plus  whatever  strain  might  be  I'reated  by  the 
elasticity  of  the  plate  after  the  latter  assumes  a  change 
of  form  corresponding  to  the  increased  length  of  stay. 

Allowing  that  the  original  strain  of  8000  lb.  would 
produce  a  deflection  in  the  plate  of  0.031  in.,  and  that 
tor  the  same  strain  a  stay  of  V/4^  in.  diameter  and  about 
IG  ft.  long  had  been  elongated  0.029  in.,  and  calling 
u-  =  the  total  deflection  of  the  plate  after  screwing  up 
the  oufside  nut,  then  when  there  is  a  pressure  within  the 
boiler  (if  100  lb.  per  sq.  in.,  the  total  pressure  supjjortcd 
woulil   l)c 

10  X   1"   X    I<»0  =   10,01)0  lb.. 
and  the  total  strain  in  the  bodv  af  the  st;iv  would  be 


,S'  =  10,000  + 


of  .SOOO 


(1) 


^^0.031 

Considered  only  with  reference  to  the  original  straii 
in  the  body  of  the  stay  and  the  increase  accompanying 
the  increase  of  elongation  amounting  to  0.031  —  .r,  th( 
total  strain  in  the  body  of  the  stay  would  be 


,V  =  8000  -I- 


I         r 


31  —  .r 


As   (1)   equals   (2)  tliei: 
10,000  -I-  (  — ;^  X  8000 


0.039 


8000  + 


0/  8000 


0.031  —  X 


(2) 


X  8o<)(: 


from  w 

Hence  from 
found  to  lie 


0.031  y  '  y    0.029 

ich  it  is  fouJid  that  x  =  0.0123  in. 

(1)   the  strain  in  the  body  of  the  stay  is 


S  =  10,000  -(- 


0.0123  X  8000 


13,174  Ih. 


0.031 

In  the  part  of  the  stay  between  the  inner  and  outer 
nut  the  length  would  be  too  short  for  any  stretch  so  the 
stress  between  the  nuts  would  be  practically 
13,174  +  2400  =  15,574  lb. 
If  the  bolt  had  been  very  short  so  that  there  would  have 
been  little  or  no  stretch,  then  the  stress  after  pressui  :■ 
was  applied  in  the  body  of  the  stay-bolt  would  have  bet  • 
\ery  nearly  18,000  lb.  anil  20.400  lb.  between  the  inner 
and  the  outer  nuts;  and  in  the  other  extreme  case  as 
where  a  heavy  cylinder  head  is  bolted  up  on  a  hard,  un- 
yielding gasket  with  comparatively  light  studs,  the  ten- 
sion in  the  studs  will  be  very  little  more  than  the  fluid 
pressure. 

H.  I).  Pishe:!. 

Xewton  Ilighlanils,  Mass. 

Test  of  Valve  and  Piston  Tightness 

We  have  read  with  interest,  in  the  July  22  issue,  page 
121,  the  article  entitled  "Test  of  Valve  and  Piston  Tight- 
ness." You  will  perhaps  be  interested  to  learn  that  in 
1885  at  the  Exposition  of  Auvers  our  BoUi-ickx  Corliss: 
engine  ran  for  six  months  with  one  cylinder  head  removed 
while  producing  a  part  of  its  power,  without  leaks, 
although  a  pressure  of  seven  atmospheres  was  acting  on 
the  other  side  of  the  piston. 

Brussels,  Belgium.  H.  Bollinckx. 
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What  Becomes  of  the  Water 

T.  G.  Thurston's  letter  ou  the  above  subject  in  the 
line  17  issue  is  noted.  I  do  not  know  what  becomes 
:  the  water  in  the  sight-feed  glass,  but  I   think  that 

he  will  use  glycerin  instead  of  water,  his  troubles  will 
itirely  disappear  and  at  the  same  time  a  much  more 
gular  feed  of  oil  will  be  obtained.  I  have  found  it 
jssible  to  reduce  the  quantity  of  cylinder  oil  used, 
ring  to  the  more  regular  feed  of  small  drops,  caused 
■  the  greater  difference  in  the  specific  gravities  of  water 
id  oil  and  glycerin  and  oil.  Anyone  who  once  gives 
ycerin  a  thorough  trial  in  sight  glasses  of  lubricators 
ill  not  readily  go  bfick  to  water. 

E.  E.  rE.\HCE. 

Rochdale,  England. 


Orsat    or  CO2  Recorder? 

When  a  correspondent  in  a  recent  issue  of  Power 
ites  that  he  prefers  to  use  an  Orsat  aj^paratus  rather 
an  a  recording  instrument  for  CO.^  analysis,  iuas 
uch    as    an     automatic     COo     recorder    leaves    much 

be  desired,  I  cannot  help  thinking  that  this  must  be 
persona!  view  and  not  one  generally  taken  by  engineers 
rsed  in  this  interesting  branch  of  engineering.  Ou 
e  other  hand  I  should  very  much  like  to  know  which 
pe  of  instrument  he  has  had  in  use. 
I  have  been  using  CO^  recorders  for  about  two  years, 
id  have  rarely  experienced  any  trouble  with  them, 
henever  I  have  checked  them  iip  with  the  Orsat  the 
suits  almost  perfectly  coincided. 

Our  instrument  employs  a  large  steel  tank  for  absorb- 
g  the  CO.,.  Gas  bubljies  through  the  liquid,  which  is 
ustic  potash  of  a  specific  gravity  of  1.27.  Besides 
isorption  through  bubbling  there  is  a  large  surface 
ith  which  the  gases  come  in  intimate  contact.  We  use 
lb.  of  caustic  potash  every  mouth,  which  costs  about 
)c.  The  instrument  is  used  day  and  night  and  makes 
lOut  20  analyses  per  hour.  This  charge  lasts  a  full 
onth,  and  we  have  found  by  means  of  frequent  Orsat 
sts  that  after  four  weeks  the  record  is  just  as  correct 

at  the  time  the  tank  was  filled. 

There  does  not  appear  to  be  any  defect  in  this  part 

the  instrument,  and  then  there  is  no  continuous  flow 

gas  through  the  caustic  potash.  If  this  were  the  case, 
few  days  would  be  sufficient  to  thoroughly  exhaust  the 
lution,  even  a  few  hours  as  the  correspondent  states.  The 
IS  should  pass  through  the  instrument  and  the  caustic 
)tash  at  intervals,  that  is,  only  when  the  instrument  an- 
vzes.  To  get  a  correct  analysis  with  the  recorder, 
iree  mintttos  should  be  given,  i.e.,  the  speed  of  the 
corder  should  not  exceed  20  analyses  per  hour. 

For  several  reasons,  the  Orsat  is,  no  doubt,  very  useful. 
;  it  permits  a  complete  analysis  of  the  gases  and  should, 
lerefore,  be  in  every  uptodate  plant,  whether  a  C0„  re- 
irder  is  used  or  not. 

If  10  to  12  per  cent,  of  CO,  is  maintained  in  the  exit 
ises  of  any  good  furnace  and  no  heavy  .smoke  is  being 
ade,  the  engineer  may  be  quite  satisfied  that  he  is 
aking  little  if  any  CO,  and  therefore  it  is  not  necessary 
1  frequently  test"  the  gases  for  CO  and  0.  A  CO 
lalvsis  taken  every  now  and  then  is  of  help  to  the  engi- 
?er.  but  I  do  not  think  that  it  would  pay  the  average 


boiler  plant  to  install  carbon-monoxide  recorders,  whicli 
are  no«'  on  the  market. 

For  producer  gas  a  CO  recorder  would  be  of  the  great- 
est advantage.  This  instrument  stands  in  exactly  the 
same  relationship  to  a  producer  plant  as  a  CO^  recorder 
to  a  boiler  plant.  In  both  cases  the  percentage  of  gas 
analj'zed  is  to  be  kept  as  high  as  possible. 

The  correspondent  mentioned  the  initial  expense  of  a 
CO,  recorder.  We  burned  20  tons  of  coal  per  24  hours 
before  the  CO,  recorder  came  to  the  plant,  and  we  thought 
that  we  were  doing  good  work.  We  have  since  decreased 
the  coal  consumption  to  16  tons  per  24  hours.  During 
the  four  weeks  which  we  had  the  instrument  on  trial 
the  percentage  of  CO,  was  raised  from  6  to  13  per  cent., 
average,  thus  reducing  the  coal  bill  10  per  cent.,  which 
means  a  saving  of  about  $10  per  day.  The  instrument 
lias  paid  for  itself  in  less  than  five  weeks,  and  conse- 
quently all  are  enthusiastic  about  it.  We  keep  it  in 
perfect  working  order  and  give  it  the  attention  which  it 
no  doubt  deserves.  We  have  realized  its  value  as  a  fuel 
saver  and  as  a  general  check  over  men  and  conditions. 

F.  D.  Haeger. 

Xew  York  City. 

Why  Did  Hot-Water  Tank  Fail? 

Answering  the  injury  by  E.  Cederblom,  page  139  of  the 
July  22  issue,  the  tank  failure  was  due  to  a  concentra- 
tion of  the  distortion  caused  by  the  pulsations  and  pres- 
sure in  the  tank  at  the  points  indicated  by  the  arrows  in 
Mr.  Cederblom's  drawing  of  the  tank  in  question.  The 
effect  or  action  of  these  pulsations  and  pressure  at  the 
points  indicated  by  the  arrows  is  practically  the  same  as 
would  result  if  we  took  a  bolt  of  a  length  equal  to  that 
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CoxsTKUCTiox  or  Tank  That  Failed 

of  the  radius  of  the  tank,  and  fastened  one  end  of  it 
firmly  in  a  vise  and  continuously  moved  the  opposite  end 
back  and  forth  through  an  arc  equal  to  the  movement 
of  the  center  to  the  head  of  the  tank  in  a  longitudinal 
direction.  All  of  the  bending  stresses  would  be  concen- 
trated close  up  to  the  jaws  of  the  vise,  and  the  bolt  in 
time  would  break  off  at  this  point. 

The  deterioration  in  the  case  of  the  tank  at  the  points 
of  concentration  of  the  stresses,  due  to  pressure  and  pul- 
sations is,  however,  hastened  considerably  by  the  action 
of  the  water  in  the  tank.  At  these  points,  the  hinge  ac- 
tion, as  we  will  call  it.  which  allows  of  the  movement  of 
the  head  (and  which  made  the  angle  irons  necessary) 
produces  little  cracks.  Water  gets  in  these  and  promotes 
corrosion  and  pitting. 

The  tank  very  likely  showed  signs  of  distress  long  be- 
fore the  angle  irons  were  installed,  which  was  too  late 
to  remedy  what  had  been  done.  In  my  judgment  the 
angle  irons  were  too  short. 

Fort  Madison,  Iowa.  Thomas  C.  Robixsox 
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Coke  Heat  Valnt — What  is  the  calorific  value  of  coke  as 
compared    with    bituminous    coal? 

W.   N.  A. 

It  varies  from  12,000  to  13,000  B,t.u.  per  lb.,  according  to 
the  coal  from  which  it  is  derived  and  the  method  of  coking 
the  coal.  A  pound  of  average  coke  from  Pocahontas  coal 
has  about  87  per  cent,  of  the  calorific  value  of  a  pound  of 
Pocahontas  bituminous  coal. 

Required  Vacuum — Why  does  a  steam  turbine  require  a 
higher  vacuum  than  a  reciprocating  engine? 

P.    E.    K. 

A  steam  turbine  works  more  economically  the  higher  the 
vacuum,  but  when  a  reciprocating  engine  "works  condensing 
the  cooling  effect  on  the  cylinder  walls  of  a  vacuum  greater 
than  about  26  in.  generally  counteracts  the  advantages  of 
the   higher  vacuum   for   reducing  the    back   pressure. 


CaMe-Hardenlng-  Pln.s — I  am  soon  to  put  in  new  pins  in  the 
valve  gear  of  our  Corliss  engines.  How  will  I  case-harden 
the   pins? 

J.  C.  J. 

Melt  about  2iA  lb.  of  cyanide  of  potassium  in  a  ladle.  After 
the  pins  have  been  finished  to  a  smooth  surface  heat  them, 
one  at  a  time,  to  a  dull  cherry  red,  and  plunge  them  into  the 
liquid  cyanide.  Each  pin  should  remain  in  the  liquid  about 
one  minute  and  then  be  plunged  in  clean  water.  The  longer 
the  pins  remain  in  the  cyanide  the  thicker  the  hardened  wall 
of  metal  will   be. 

Try-Cock  Blons  Dry  Steam — The  water  column  of  a  high- 
pressure  boiler  has  just  been  blown  down  showing  no  obstruc- 
tions. When  closed  the  glass  fills,  yet  when  a  try-cock  is 
opened    only    dry    steam    issues.      What    is    the    explanation? 

J.   S. 

The  water  having  just  been  changed  in  the  column  is  at 
practically  boiler  temperature,  which  in  a  high-pressure 
boiler  is  considerably  above  the  evaporation  temperature  at 
atmospheric  pressure.  Consequently,  when  the  try-cock  is 
opened,  the  pressure  on  the  issuing  water  being  suddenly 
released,  it  flashes  into  steam. 


Changing;  Governors — If  one  had  a  slide-valve  engine  with 
a  throttling  governor  and  wished  to  use  a  shaft  governor, 
what  changes  would  have  to  be  made  to  the  valve? 

F.    E.   K. 

Unless  the  engine  is  already  provided  with  some  form  of 
balanced  slide  valve  capable  of  being  moved  with  less  friction 
than  the  ordinary  slide  valve,  the  valve  would  have  to  be 
changed  to  a  balanced  valve.  In  making  such  change  the 
valve  chest  would  probably  have  to  be  altered  to  accommo- 
date the  new  type  of  valve.  A  shaft  governor  may  be  pow- 
erful enough  to  operate  an  ordinary  slide  valve,  but  such  a 
combination  is  rarely  satisfactory.  The  valve  would  need 
both   inside   and   outside   lap. 


Chimney  Cnpaclty — What  capacity  has  an  iron 
in  diameter  and  135  ft.  high?  This  one  needs  repai 
it    do    any    harm    to    shorten     it    by     removing     thi 


stack    5    ft. 

-ing.     Will 

damaged 


ction? 


R.    A.    H. 


The  ordinary  natural-draft  capacity  of  this  stack  is  650 
boiler-horsepower.  Any  shortening  of  the  stack  will  lessen 
the  draft  in  the  boiler  furnaces.  The  drafts  due  to  different 
heights  of  stack  are  as  the  square  roots  of  the  heights.  For 
instance,  reducing  the  height  to  121  ft.,  since  the  square  root 
of  135  is  11.62  and  the  square  root  of  121  is  11.  would  reduce 
the  capacity  to 


650    X 


11 
11.62 


615.3    hp. 


Constructlne  Blo'n-oR  Tank — What  is  the  best  material  for 
a  blowoff  tank?  Would  it  be  safe  to  drain  one  into  a  12-in. 
common  tile  drain  having  about  6  ft.  fall  in  1200  ft.,  leading 
to  a  creek?     What  is  the   best  form   for  a   blowoff   tank? 

S.  F.  G. 

A  blowoff  tank  being  mainly  for  receiving  blowoff  water, 
and  permitting   it  to  cool  off   before   being   discharged   into   a 


sewer,  should  be  large  enough  to  hold  about  one-eighth  the 
water  of  a  boiler.  It  should  be  wrought  iron  or  steel  plate 
and  strong  enough  to  safely  hold  the  greatest  pressure  car- 
ried by  the  boiler.  In  addition  to  an  inlet  for  receiving  the 
blowoff  and  an  outlet  for  discharging  it.  it  should  have  a 
vapor  pipe  carried  up  through  the  roof  (always  left  open), 
a  safety  valve  and  a  manhole  for  cleaning.  Blowoff  water 
should  not  be  discharged  into  an  earthen  sewer  pipe  until  it 
has  cooled  down  to  about  100  deg.  F.  as  expansion  from 
heat  would  soon  cause  the  sewer  to  break  up.  (The  fall  of 
6  ft.  in  1200  would  be  suBicient  for  proper  drainage  if  the 
pipe  Is  carefully  laid,  i.e.,  with  a  uniform  grade  and  with 
good  even  joints.  The  best  form  for  a  blowoff  tank  is  cylin- 
drical   with    standard    bumped    heads    made    of    boiler    plate. 


Accelerntins  Time  of  Free  UiNcharee — How  is  the  interval 
of  time  computed  within  which  a  gas  or  liquid  reaches  its 
theoretical  velocity  of  flow  from  an  orifice  under  pressure, 
assuming   the    valve    to   open    instantly? 

M.   W.   C. 

The  time  would  be  the  same  as  that  required  for  a  body 
to  fall  in  vacuo  from  the  height  of  a  column  of  gas  required 
to  produce  the  head  or  pressure  under  which  discharge  takes 
place.  Knowing  the  weight  of  the  gas  or  liquid  per  cubic 
foot  the  head  in  feet  required  to  ci-eate  a  given  pressure 
per  square   inch   would  be 

Pressure   per  sq.in.    X    144 


Wt.   per  cu.ft. 
and,  as  the  formula  for  falling  bodies  in  which  t   =  the  time  in 
seconds,   is 


/2h 


then,  as 

g   -    32.16. 
the   time   in   seconds   to   acquire   the   velocity   due   to   the   head 
would  be: 


V^ 


2  (pressure  per  sq.iu.  X  144) 


Required  Cylinder  Diameter — What  diameter  of  cylinder 
will  be  required  to  develop  50  hp.  in  an  engine  having  a 
stroke  of  4  ft.,  making  45  r.p.m.  when  working  with  a  mean 
effective    pressure    of   30    lb.? 

S.    E. 
Substituting   the    given    values    in   the    formula. 
PLAN 

Hp   =   

33,000 
■where 

P   =   Mean   effective   pressure   in   pounds   per   square   inch; 
L    =    1-ength  of  stroke   in   feet; 
A    =    Ar^a    of   piston    in    square    inches; 

N    =    Nui.jber  of  strokes   per  minute    —    twice    the   number 
of    revolutions    per    minute; 
then 

30    X    4    X    A    X    90 
50    =    ■ 


33,000 


or 


50    X    33,000 

30    X    4    X    90 
Since   the   area   is  equal   to   the   square   of   the   diameter  mu'"- 
plied   by  one-fourth   of    tt    =,  3.1416   or 

J  =  0.7854 

the   diameter   of   the    piston   should    be 

or  practically  14   in. 


Engine  Alignment — How  can  it  be  determined  whether  or 
not  the  cylinder  and  guides  are   in   line? 

G.    A.    M. 

After  loosening  the  gland  of  the  piston  stufBng-box  •■  .i 
the  engine  over  slowly.  If  the  cylinder  is  not  in  line  with 
the  guides  the  gland  will  be  moved  to  one  side,  or  up  or  down. 
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Evaporation — II 

Steam  Tahlks 

In  the  first  article  it  was  shown  that  the  boiling  tem- 
perature of  water  is  dillerent  for  different  jiressures. 
Thus,  at  atmospheric  pressure  (l-t.7  lb.  per  sq.in.  absolute, 
or  zero  gage)  the  boiling  temperature  is  212  deg.  F., 
while  at  150-lb.  gage  it  is  365.9  deg.  The  higher  the 
pressure,  the  higher  the  boiling  temperature. 

In  addition,  the  latent  heat,  or  the  quantitj^  of  heat 
required  to  convert  a  pound  of  the  water  from  its  liquid 
to  vaporous  form,  varies  quite  extensively  with  variation 
in  pressure.  Thus,  the  latent  heat  of  steam  at  atmos- 
pheric pressure  is  970.4  B.t.u.  per  ]X)und,  while  at  150- 
lb.  gage  it  is  only  856.9  B.t.u.,  or  more  than  100  B.t.u. 
less  per  pound.  The  higher  the  pressure,  the  lower  the 
latent  heat. 

The  volume  of  a  pound  of  steam  varies  greatly  with 
variation  in  pressure.  At  atmospheric  pressure  1  II).  of 
steam  has  a  volume  of  26.79  cu.ft.,  while  at  150-lb.  gage 
the  volume  is  only  2.758  cu.  ft.,  or  only  about  one-tenth 
as  much.  The  higlier  the  pressure  the  smaller  the  vol- 
iime  per  unit  of  weight.  It  is  this  characteristic  of  the 
steam  that  makes  it  suitable  for  use  in  engines,  turbines, 
etc.  The  steam  is  generated  at  a  high  pressure  with  a 
small  volume  per  unit  of  weight,  then  let  into  the  cylin- 
der or  turbine  stage  where  its  pressure  forces  the  piston 
ahead — provided  the  resistance  of  the  piston  is  not 
greater  than  the  pressure  of  the  steam,  which  is  the 
case  when  the  engine  is  on  dead  center  or  when  it  is  too 
heavily  loaded. 

As  the  pressure  of  the  steam  forces  the  piston  for- 
ward, more  room  is  created  in  the  cylinder  and  the  pres- 
sure is  slightly  relieved  or  lowered.  As  the  pressure 
lowers,  the  steam  must  expand  to  fill  the  increased  space 
because  for  every  jjressure  there  is  a  corresponding  vol- 
ume just  the  same  as  for  every  pressure  there  is  a  corre- 
sponding boiling  temperature,  latent  heat,  etc.  And  the 
relation  of  these  quantities  to  each  other  never  varies 
so  long  as  steam  is  steam.  They  must  fulfill  Nature's 
laws,  which  are  immutable — cannot  be  repealed  or 
changed. 

However,  this  action  of  steam  in  the  cylinder  of  an 
engine  is  a  little  otf  the  subject  now  occupying  our 
attention,  and  a  more  thorough  study  of  it  will  be  oifered 
in  its  proper  turn  later  on. 

Because  the  boiling  temperature,  latent  heat,  etc.,  are 
different  for  each  different  pressure,  we  have  what  are 
called  the  steam  tables,  or,  to  be  more  exact,  tables  of  tlie 
properties  of  saturated  steam.  These  are  exceedingly 
convenient  for  finding  the  other  factors  when  any  one  is 
known,  and  it  behooves  all  who  intend  to  continue  on  in 
power-plant  stiuly  and  work  to  become  familiar  with  the 
tables. 

A  modified  and  condensed  form  of  the  latest  accepted 
s;team  tables  as  presented  herewith.  The  original  tables 
were  compiled  by  Professors  Lionel  S.  Marks  and  Harvey 


X.  Davi.-;,  and  published  liy  Longmans,  (irccn  &  Co., 
through  whose  courtesy  we  are  ])ermittcd  to  piililisli  Table 
1 ,  herewith. 

Gage  axd  Absolute  Pkessuiuc 

111  the  first  column  of  the  table  are  given  the  vacuum 
and  gage  pressures ;  in  the  second,  absolute  pressures.  In 
the  first  paragraph  of  this  article  you  may  have  noticed 
that  atmospheric  pressure  was  given  as  1-1.7  lb.  per  sq.in., 
absolute,  or  zero  gage.  This  was  done  because  in  these 
modern  days  there  are,  unfortunately,  two  standards  of 
pressure  measurement.  Gage  pressure  takes  its  name 
irom  the  instrument  commonly  used  for  measuring  boiler 
steam  pressure.  Now,  the  ordinary  pressure  gage  used 
on  a  boiler  does  not  indicate  the  total  j^ressure  actually 
existing  inside  the  boiler.  It  only  measures  the  difference 
lietween  the  pressure  of  the  steam  within  the  boiler  and 
the  pressure  of  the  atmosphere  without. 

This  is  due  to  the  construction  of  the  gage,  which  con- 
sists principally  of  a  curved  hollov.-  metal  tube  open  at 
one  end.  The  hollow  interior  of  the  tube  connects  at 
the  open  end  with  the  interior  of  the  boiler  while  the 
exterior  of  the  tube  is  exposed  to  the  pressure  of  the 
atmosphere.  When  the  pressure  acting  on  the  inside  of 
the  tube  is  equal  to  the  atmospheric  pressure  acting  on 
the  outside,  the  tube  is  in  its  normal  position  and  the 
pointer  on  the  dial  of  the  gage,  connected  to  the  tube 
at  the  closed  end,  indicates  zero  on  the  scale.  When  the 
pressure  within  exceeds  the  atmospheric  pressure  with- 
out, the  tube  tends  to  lose  its  curve  ami  straighten  out. 
And  as  the  closed  end,  to  which  tlie  pointer  is  attached, 
is  the  only  end  free  to  move,  the  change  in  the  jiosition 
of  the  tube  is  all  transmitted,  through  suitable  mechan- 
ism, to  the  pointer.  This  swings  away  from  the  zero 
mark  and  points  to  the  position  on  the  scale  correspond- 
ing with  the  pressure  existing  in  the  boiler  over  and 
above  that  of  the  atmosphere  outside. 

Absolute  pressure  means  the  total  pressure  actually 
existing  in  the  space  where  the  measurement  is  taken 
whether  this  be  in  a  boiler,  a  condenser,  in  the  open 
atmosphere  or  anywhere  else.  It  does  not  take  into 
account  any  outside  pressure  that  may  happen  to  be 
acting  on  the  measuring  gage  or  instrument.  Hence,  the 
zero  point  on  the  absolute-pressure  scale  is  at  absolute 
vacuum.  If  a  whole  boiler,  pressure  gage  and  all,  were 
inclosed  in  a  vacuum,  the  gage  would  then  show  absolute . 
pressures  because,  there  being  absolutely  no  pressure  out- 
side, the  difference  between  the  inside  and  outside  pres- 
sures would  equal  the  total  pressure  actually  existing  in- 
side the  boiler. 

The  absolute-pressure  system  of  mea.surement  is  the 
more  accurate  one  because  it  is  not  dependent  upon  the 
more  or  less  variable  pressure  of  the  atmasphere.  An 
absolute-pressure  gage  is  more  complicated  and  expensive, 
however,  than  the  ordinaiy  gage  iised  in  boiler  work.  and. 
hence,  far  le.ss  popular.  So,  in  actual  steam-plant  oixra- 
tion  gage  pressures  are  the  ones  mainly  encountereil 
But  gage  pressures  can  easily  be  translated  into  absolute 
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•essures  by  adding  the  amount  of  atmospheric  pressure 
listing  at  the  location  of  the  plant  under  consideration, 
hus,  at  sea  level,  absolute  pressure  may  be  taken  as 
ige  pressure  plus  1-1-.7  lb.  per  square  inch.  At  a  higher 
titude  than  sea  level,  the  atmospheric  pressure  is  less; 
!nce,  care  must  be  used,  in  cases  where  the  difference 

appreciable,  that  the  proper  value  be  employed.  For 
stance,  at  Denver  the  average  atmospheric  pressure  is 
it  12.5  lb.  per  square  inch.  Consequently,  the  first 
ilumn  of  Table  1  would  be  over  2  lb.  out  of  the  way 
id  should  not   be  used  for  accurate  work.     The  thing 

do  in  such  cases  is  to  translate  into  absolute  ])ressures 

T.iBLE    I      PROPERTIES    OF    SATURATED    STEAM 

From  Marks.  &  Davis"  Tables.      Courtesy  of  Longmans,  Green  &  Co. 

Total  Heat  Above 
32°  F. 


1 

2 

3 

4 

5      ' 

6 

7 

8 

.cuurn 

Absolute 

Temperature 

,  Heat  of 

In  the 

Latent 

\-olunK. 

Weight  of 

1.  of 

Pressure. 

Decrees 

the  Liquid 

Steam 

Heat 

CuFt   in 

1  Cu.Ft. 

?rcury 

Lb.  per 

Fahrenheit 

h 

11 

L  =  H—h 

1  Lb.  of  of  Steam 

Sq.In. 

B.t.u. 

B.t.u. 

B.t.u. 

St<>ani 

Lb 

r.ss 

1 

101  83 

69  8 

1 104 . 4 

1034.0 

333  0 

0.00300 

5.85 

2 

120.15 

94  0 

1115  0 

1021,0 

173,5 

0  (K)576 

J.81 

3 

141   52 

109  4 

1121    6 

1012  3 

118,5 

0.00845 

1.78 

4 

153  01 

120  9 

1126,5 

1005  7 

90  5 

0  01107 

3.74 

5 

162,28 

130.1 

1130  .5 

1000,3 

73  33 

0  01364 

?.7n 

6 

17(1  06 

137.9 

1133,7 

995,8 

61,89 

0  01616 

5.67 

7 

176,85 

144.7 

1136.5 

991.8 

53,56 

0.01867 

3.63 

8 

182  86 

150,8 

1139  0 

988.2 

47,27 

0.02115 

1.60 

9 

18H  27 

156.2 

1141    1 

985.0 

42,36 

0.02361 

9.56 

10 

193  22 

161    1 

1143   1 

982.0 

38,38 

0  02606 

7.52 

11 

197,75 

165,7 

1144  9 

979.2 

35.10 

0.02849 

5,49 

12 

201  90 

169  9 

1146,5 

976.6 

32  36 

0.03090 

3.45 

13 

205,87 

173  8 

1148  0 

974  2 

30.03 

0  03330 

1.42 

Lb, 

14 

209. 55 

177  5 

1149,4 

971  9 

28  (12 

0  03569 

I  age 
0 

14,7 

212  0 

180  0 

1150  4 

970.4 

26.79 

0.03732 

5.3 

20 

228  0 

196  1 

11.50  2 

960.0 

20.08 

0.04980 

10.3 

25 

240  1 

208  4 

1160  4 

952.0 

16.30 

0  0614 

15.3 

30 

250  3 

218,8 

1163  9 

945  1 

13  74 

0.0728 

30.3 

35 

259  3 

227  9 

1166  8 

938-9 

11.89 

0.0841 

2S.3 

40 

267  3 

236   1 

1169  4 

933.3 

10  49 

0  0953 

30.3 

45 

274  5 

243  4 

1171   6 

928.2 

9  39 

0.1065 

35.3 

50 

281   0 

2.50  1 

1173  (1 

923.5 

8,51 

0  1175 

40.3 

55 

287  1 

256  3 

1175  4 

919.0 

7.78 

0.1285 

45.3 

60 

292  7 

262  1 

1177  0 

914  9 

7.17 

0.1394 

50.3 

65 

298  0 

267  5 

1178  5 

911   0 

6.65 

0.1503 

55.3 

70 

302  9 

272,6 

1179,8 

907.2 

6  20 

0.1612 

60.3 

75 

307.6 

277,4 

1181    1 

903  7 

5.81 

0.1721 

65.3 

80 

312.0 

282.0 

1182  3 

900 . 3 

5.47 

0.1829 

70.3 

85 

316  3 

286,3 

1183  4 

897.1 

5  16 

0.1937 

75.3 

90 

320  3 

290  5 

11.84,4 

893.9 

4  89 

0.2044 

80.3 

95 

324  1 

294  5 

1185,4 

890.9 

4,65 

0.2151 

85.3 

100 

,327  8 

298  3 

1180,3 

888.0 

4.429 

0.2258 

90.3 

105 

331  4 

302  0 

1187,2 

885.2 

4  230 

0.2365 

95.3 

110 

334  8 

.305  5 

1188.0 

882,5 

4.047 

0.2472 

00.3 

lis 

338  1 

309,0 

1188.8 

879.8 

3.880 

0.2577 

05.3 

120 

341  3 

312  3 

1189  6 

877,2 

3  726 

0.2683 

10.3 

125 

344  4 

315  5 

1190  3 

874.7 

3.583 

0.2791 

15.3 

130 

347,4 

318  0 

1191 .0 

872.3 

3.452 

0.2897 

20.3 

135 

350  3 

.321.7 

1191    0 

869.9 

3.331 

0.3002 

25.3 

140 

353  1 

324  6 

1192  2 

867.6 

3.219 

0.3107 

30.3 

145 

355.8 

327  4 

1192  8 

865.4 

3   112 

0  3213 

35.3 

150 

358  5 

330  2 

1193  4 

863.2 

3  012 

0  3320 

40.3 

155 

361  0 

332  9 

1194   0 

861.0 

2.920 

0  3425 

45.3 

169 

363  6 

.335  6 

1194,5 

858.8 

2  834 

0  3529 

.50.3 

165 

366  0 

338  2 

1195,0 

856.8 

2.753 

0.3633 

.55.3 

170 

368.5 

.340,7 

1195,4 

854.7 

2 .  675 

0.3738 

60.3 

175 

370,8 

343,2 

1195.9 

852.7 

2.602 

0.3843 

65.3 

180 

373   1 

345,6 

1196.4 

850.8 

2,533 

0.3948 

75.3 

190 

377  0 

350,4 

1197.3 

846.9 

2.406 

0.4157 

85.3 

200 

381  9 

354.9 

1198.1 

843.2 

2.290 

0.437 

9.5.3 

210 

.386,0 

359.2 

1198.8 

839.6 

2.187 

0.457 

00.3 

215 

388  0 

.361.4 

1199.2 

837.9 

2,138 

0.468 

id  u.se  the  second  column.  For  most  ordinary  pur- 
3ses,  however,  the  errors  caused  are  hardly  important 
lough  to  warrant  any  large  amount  of  extra  work. 
The  third  column  of  Table  1  gives  the  temperature 
r  the  steam  at  various  pressures.  This  tem]K'rature  is 
Iso  the  boiling  temperature  of  water  under  the  corre- 
londing  pressure,  as  was  carefully  explained  last  week. 

Heat  of  the  Liquid 
In  the  fourth  column  is  given  the  heat  of  the  liquid, 
r,  as  it  i.s  sometimes  called,  the  heat  in  the  water.  The 
gures  in  this  column  repre.seut  the  number  of  B.t.u. 
squired  to  rai.se  the  temperature  of  1  lb.  of  water  from 
3  deg.  to  tlie  boiling  temperature  at  the  pressure  given, 
'bus,  at  atmospheric   pressure  or  zero,   gage,   the   heat 


of  the  liquid  is  180  B.t.u.  This  can  be  easily  checked 
from  the  knowledge  gained  from  previous  lessons.  It 
was  learned  by  definition  that  it  takes  1  B.t.u.  to  raise 
the  temperature  of  1  lb.  of  water  1  deg.  Then,  as  there 
are  313  —  33  =  180  deg.  difference  between  33  and  the 
boiling  point,  it  must  require  180  X  1  =  180  B.t.u.  to 
raise  1  II).  of  water  from  33  deg.  to  the  boiling  tem- 
perature at  atmospheric  pressure. 

As  the  pressure  grows  higher,  the  heat  of  the  liquid 
does  not  exactly  correspond  w'ith  the  number  of  degrees 
diiference  between  32  and  the  boiling  point.  Thus,  at 
35.3-lb.  gage,  or  .50-lb.,  absolute,  pressure,  the  number 
of  B.t.u.  required  to  raise  the  temperature  of  1  lb.  of 
water  from  32  deg.  to  the  boiling  point  (the  heat  of 
the  liquid)  is  1.1  greater  than  the  number  of  degrees 
between  those  two  points.  This  is  because  the  heat  re- 
quired to  raise  the  temperature  of  1  lb.  of  water  1  deg. 
increases  gradually  as  the  pressure  increases  above  14.7 
lb.  per  square  inch. 

In  the  si-xth  column  of  Table  1  are  given  the  values 
of  latent  heat  of  steam  at  the  various  pressures. 

Total  Heat  in  Steam 

The  figures  in  column  5  are  the  sums  of  the  figures  in 
columns  4  and  6  and  they  show  the  total  heat  contained 
in  1  lb.  of  steam  above  the  temperature  of  33  deg. 

It  may  be  a  source  of  wonder  to  some  why  columns 
4  and  5  are  headed  "Total  Heat  Above  33  Deg.^  F."  The 
explanation  is  this : 

Every  substance,  no  matter  M-hat  its  temperature,  con- 
tains some  heat.  We  think  of  a  piece  of  ice  as  a  pretty 
cold  chunk  of  solid  water  and  would  hardly  suspect,  on 
first  thought,  that  it  could  have  any  heat  concealed  about 
it.  Yet,  a  pound  of  ice  just  at  the  freezing  point  (33 
deg.)  possesses  16  B.t.u.  more  than  a  pound  at  zero 
temperature.  Ice  may  possess  dift'erent  temperatures  just 
the  same  as  water,  .steel  or  steam.  Then,  ice  at  zero  is 
certainly  colder  than  ice  at  32  deg.  and,  vice  versa,  ice 
at  33  deg.  must  be  warmer  than  ice  at  zero,  and  hence 
it  must  pos.sess  more  heat. 

In  fact,  no  matter  how  cold  you  may  make  a  substance, 
it  still  must  pos.sess  some  heat.  Suppo.se,  you  refrigerated 
a  piece  of  ice  until  its  temperature  went  down  to  — 75 
deg.,  in  all  107  deg.  below  the  normal  freezing  point 
of  water.  That  would  be  pretty  cold,  wouldn't  it?  Yet 
that  ice  could  be  refrigerated  still  more,  say,  to  — 100 
deg.,  showing  that  even  at  — 7.5  deg.  it  hadn't  yet  lost  all 
the  heat  it  possessed. 

Man  has  not  yet  discovered  just  what  the  absolutely 
lowest  temperature  is.  He  has  succeeded  in  obtaining 
artificially  some  very  low  degrees,  but  he  has  never 
reached  the  lowest  limit  because  his  apparatus  fails  first. 

Then,  in  view  of  the  fact  that  we  do  not  know  at  just 
what  temperature  the  point  of  complete  lack  of  heat 
exists,  we  must  establish  a  "base"  line  to  work  from 
when  we  talk  of  or  deal  with  quantities  involving  "total" 
heat.  In  dealing  with  steam,  this  base  line  is  the  freevi- 
iug  point  of  water  under  atmos])heric  pressure,  or  33 
deg.  F.  Thus,  the  total  heat  of  the  liquid  or  in  the 
water  is  the  heat  that  must  be  imparted  to  1  lb.  of  water 
in  order  to  raise  its  temperature  from  33  deg.  to  the 
boiling  point.  And  the  total  heat  in  the  steam  is  tliis 
quantity  plus  the  latent  heat. 

Clolumn  7  gives  the  volume  of  1  lb.  of  steam  in  cubic 
feet  and  column  8  the  weight  of  1  cu.ft.  in  pounds. 
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OVER    THE    SPILLWAY 

JUST     JESTS,     JABS.     JOSHES     AND     JUMBLES 


The  surest  thing  you  know  is  that  if  you  go  to  the  Spring- 
lield  convention  next  week,  you'll  have  the  time  of  your 
young  life.     Are  you  going? 

"We  must  trust  each  other  or  the  world  will  go  wrong," 
says  "Leslie's  Weekly."  This  is  a  very  pretty  sentiment,  but 
great  Csesar's  spook!  not  everybody's  doing  it.  Right  now, 
who  is  trusting  you  or  me?  I  trust  you're  well:  you  may 
trust  I'll  croak,  which  is  a  sentiment  after  a  kind.  To  prove 
the  trust  you  have  in  me.  will  you  slip  me  five  bucks?  And 
you  say,  "The  world  has  indeed  gone  wrong!"  That's  what  I 
mean,  exactly. 

"Once  a  stoker,  he  died  worth  millions." — Headline. 

Why  make  all  this  daily-press  noise  about  it?  It's  a  fine 
thing  to  have  risen  (or  fallen,  if  you  prefer  it)  from  a  stoker 
to  a  millionaire,  but  do  you  know  any  stoker  today  who 
would  change  places  with  the  dead  millionaire?  Not  on 
your   favorite   scoop,   you   wouldn't! 

Pythias  had  his  Damon,  but  Pyth  didn't  have  anything  on 
Springfield,  which  has  Walter  Damon.  Walt  came  to  Spring- 
field 22  years  ago  and  started  in  as  a  wheelbarrow  engineer 
in  the  boiler  room  of  the  same  plant  in  which  he  is  today  its 
chief  engineer:  and  it's  the  largest  plant  in  that  city.  He's 
also  chairman  of  the  local  convention  committee.  This 
means  he'll  give  you  the  city  and  everything  in  it  before 
he'll  let  you  go  home  dissatisfied.  Another  good  reason  for 
going  to  the   convention. 

"Since  Adam's  time  there  have  been  changes."  says  "Print- 
er's Ink."  It  takes  some  wise  little  guy  to  discover  such  a 
deep-hidden  fact.  Adam  is  a  sore  topic  with  us:  we  blame 
him  for  having  wished  on  us  a  long  life  of  toil  and  travail  we 
have  never  as  yet  got  accustomed  to. 

This  modern  Babylon,  New  York  City,  will  have  a  real 
coroner  if  International  President  Timothy  Healy  (elected 
eight  times)  of  the  Eccentric  Firemen  is  elected  on  the  city 
ticket  this  fall.  If  Tim  sits  on  the  corpse,  it'll  get  full  jus- 
tice. Tim  is  a  live  one.  and  we  pity  the  divil  who  killed  the 
"corp!"  He's  dead  already,  meaning  the  malefactor  as  well 
as  the  Corp.  The  only  thing  Tim  ever  ran  from  is  his  friends; 
ofiices.  and  his  enemies,  he  runs  for,  and  gets  them.  As  a 
coroner,   he  looks  like  a  dead  winner! 

Civil  Engineer  or  Dentist? — "Engineering  News." 
Our  contemporary  reprints  a  letter  advising  a  young  man 
to  learn  dentistry  rather  than  civil  engineering:  it  says  the 
emoluments  are  greater.  To  our  mind,  it  takes  a  big  pull 
to  get  anywhere  with  either  of  these  professions.  Personally, 
we,  too,  favor  the  dentistry:  it's  more  filling:  it's  a  drawing 
business;  you  get  in  with  the  upper  set  by  gum!  and  it's 
painless — to  the  dentist.  Your  clients  look  at  you  with  open 
mouth  at  your  ability.  It's  a  nerve-killing  business,  but  it 
pays. 

"Have  you  ever  realized  the  value  of  expressed  apprecia- 
tion as  an  aid  in  the  successful  handling  of  your  employees?" 
asks  "Coal  Age."  As  an  employer,  we  have  had  but  small 
concern.  As  an  employee,  we've  several  times  capered  on 
our  hind  legs,  because  the  Old  Man  expressed  his  apprecia- 
tion of  our  well  doing.  It's  good  dope;  it  tickles  us  all.  and 
it  costs  our  bosses  nothing,  unless  they  have  an  over-rated 
sense  of  their  own  importance  and  aloofness. 

Engine  running  on  buttermilk?  Yep,  at  the  recent  Gas 
Power    Show    in    Kansas    City,    an    exhibitor    displayed    a    sign 

reading:   "See  the  Engine   Running  on   Buttermilk."      A 

small  gasoline  engine,  running  at  full  speed,  was  supported 
on  four  bottles  of  buttermilk.  One  of  our  well-wishers  made 
us  the  goat  on  this  tale.     We  hope  it's  true. 

The  musical-instrument  trade  has  not  been  affected  by  the 
w-ar  in  Southeastern  Europe,  says  a  consular  report.  That's 
Just  it;  some  of  these  instruments  stimulate  a  war.  There 
can't  be  peace  in  the  hearing  of  a  wheezy  concertina  or  a 
squawking  fiddle:  either  would  start  a  dog  or   cat  fight. 


Lunkenheimer  Monitor  Automatic 
Water  Gage 

This  water-gage  if?  nia(Je  in  two  patterns,  intencied  foi 
200-  and  300-lb.  working  pressures,  respectively.  Thej 
are  made  either  right  or  left  hand,  as  desired,  to  facilitate 
operation. 

Should  the  gage-glass  break,  ball  check  valves  auto 
matically  seat  themselves,  owing  to  the  rush  of  steam 
and  water  on  one  side  and  the  lack  of  pressure  on  the 
other.  They  prevent  the  escape  of  steam  and  water  and 
permit  the  safe  closing  of  the  liand-operated  valves  be- 
fore renewing  the  glass. 

To  renew  the  glass,  it  is  only  necessary  to  loosen  tht 
stuffing-bo.xes,  take  off  the  cap  and  substitute  a  new  glass, 
after  which  the  stuffing-bo.xes  are  tightened  and  the  cap 
replaced. 

Particular  care  has  been  exercised  in  the  design  of  the 
gage  to  facilitate  cleaning,  and  access  can  be  remlil^ 
bad  to  any  part  by  the  removal  of  plugs.  By  removing 
the  bottom  plug  and  opening  the  regrinding  valves  tc 
their  greatest  extent,  a  rod  can  be  inserted  through  th; 
body  and  tail  pieces,  and  any  sediment  that  might  have 
collected  in  or  around  the  entrance  of  the  tailpieces  cai 
be  removed.  By  unscrewing  other  plugs  the  check  balli 
will  fall  from  the  body,  as  they  rest  on  inclined  surfaces 

It  has  been  the  practice  to  attach  both  valve  pulleys 
together  by  means  of  a  chain  or  cord  pinned  to  the  pul 
leys,  so  that  the  proper  closing  of  one  depended  entirel) 
on  the  closing  of  the  other.  While  in  some  cases  this 
method  was  satisfactory,  unless  great  care  was  exercisd 
in  pinning  the  chain  to  the  pulleys,  or  after  the  valvet 
had  been  reground  several  times,  one  of  the  valves  would 
not  seat  properly.  To  overcome  this  difficulty  the  Luii' 
kenheimer  Co.,  Cincinnati,  Ohio,  have  arranged  it  sc 
that  both  valves  can  be  made  to  seat  independently  oi 
each  other.  This  arrangement  consists  of  a  block  pullej 
operating  over  a  chain,  which  is  pinned  to  both  the  uppei 
and  lower  pulleys.  Should  one  of  the  valves  becomf 
closed  before  the  other,  a  continued  pull  on  the  block 
chain  will  close  it. 

The  valves  are  constructed  to  be  reground  when  worn, 
The  valve-seat  opening  is  large  and  a  free  and  unob- 
structed passage  for  the  water  and  steam  is  insured. 

The  gage  cannot  show  a  false  level,  with  free  pipe 
connections,  as  the  ball  checks  are  so  constructed  that 
unless  the  glass  breaks,  they  will,  owing  to  their  weight 
and  position,  fall  away  from  their  seats. 

Endura  Sheet  Packing 

A  new  sheet  packing,  known  as  Endura,  is  made  ol 
a  vegetable  fibre  and  so  treated  that  it  resists  the  soften- 
ing and  rotting  effects  of  oil  and  water  (hot  or  cold) 
acids,  benzine  or  gasoline,  coal-tar,  brine,  ammonia,  etc. 
and  increases  Its  toughness  and  tensile  strength,  with 
out  adding  greatly  to  the  weight  of  the  fibre  sheet.  I 
is  not  recommended  for  steam  or  dry-heat  conditions,  bu 
for  use  under  moist  conditions.  It  is  also  suitable  fo 
pump  packing  where  the  water  contains  acids  and  is  sai' 
to  give  excellent  results  with  water  containing  4  per  cen' 
sulphuric  acid. 

This  packing  is  manufactured  by  the  Endura  Mam 
facturing  Co.,  6301  Eastwick  Ave.,  Philadelphia,  Peni 
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Cleaning   and    Inspecting  Water-Tube 
Boilers 

By  F.  T.  Ravlin 

When  about  to  clean  a  boiler  it  should  be  cut  ofE  from 
the  steam  header,  allowed  to  cool,  given  proper  air  vent 
and  the  blowofE  valve  opened  to  drain  out  all  water.  The 
manhole  plates  in  the  steam  and  mud  drums  and  the 
hand-hole  plates  should  be  removed  and  the  blowoff  valves 
closed  after  washing  out. 

A  hose  should  be  used  with  100  lb.  water  pressure,  if 
possible,  to  wash  out  the  drums  thoroughly,  and  all 
remaining  scale  should  be  removed  with  scrapers.  The 
inside  feed-water  pipe  should  be  removed,  thoroughly 
cleaned  and  replaced  and  the  water-column  connections 
and  gage  cocks  inspected.  After  removing  the  bottom 
water-glass  bonnet,  the  connection  to  the  boiler  should 
be  rodded  out.  With  all  caps  on  the  upper  ends  of  the 
tubes  removed,  an  air-  or  steam-driven  rotary  cleaner 
under  not  less  than  75  lb.  pressure,  should  be  applied 
to  each  tube  for  not  less  than  three  or  four  minutes,  and 
more  when  the  scale  is  thick. 

The  cleaner  should  be  fed  in  at  a  uniform  speed  and 
not  allowed  to  remain  in  one  place  while  in  operation, 
as  the  tube  is  likely  to  be  injured  by  the  cutter.  A 
stream  of  water  should  be  run  into  the  tube  to  wash  out 
the  scale  ahead  of  the  cutter.  After  boring  the  tubes 
by  placing  a  light  at  the  front  end  of  each,  they  may  be 
carefully  inspected  from  the  rear  end. 

When  the  boiler  is  not  badly  scaled  only  the  lower 
row  of  caps  and  a  row  running  diagonally  across  the 
headers  from  each  corner  on  the  rear  end,  need  be 
opened  for  inspection,  thus  saving  time  in  cleaning.  The 
caps  and  bolts  should  be  cleaned  thoroughly  and  all  in- 
side tube  plates  thoroughly  inspected,  and  if  sprung  or 
cracked  ai'ound  the  bolt  holes,  replaced  with  new  ones. 
Ground-joint  caps  should  be  refitted  by  rubbing  the  cap 
with  a  circular  motion,  on  the  header  seat,  using  a  suita- 
ble grinding  compound.  Care  should  be  exercised  in  re- 
placing each  tube  plate  to  see  that  it  tits  onto  its  seat 
correctly.  A  mixture  of  black  lead  and  engine  oil 
should   be   used   on  the   cap-bolt   threads. 

Under  no  consideration  must  a  wrench  over  2-1  in. 
long  be  used  to  tighten  up  the  cap  nuts.  No  leak  should 
be  allowed,  as  the  steel  will  cut  out  in  a  short  time. 

Gaskets  should  be  used  on  manhole  and  mud-drum 
plates,  care  being  taken  to  thoroughly  coat  them  with 
oil  and  black  lead  on  the  outer  face  after  they  have  been 
fitted  carefully  on  the  plates.  The  plates  should  be 
inserted  in  the  drums  and  lined  up  properly  with  the 
openings,  the  crabs  put  on  and  the  bolts  drawn  up  tight. 

After  filling  the  boiler  with  hot  water  and  testing 
with  the  pressure  carried  on  the  feed-water  line,  all  joints 
should  be  examined  for  leaks.  If  defects  are  found,  the 
boiler  should  be  blown  down  to  the  desired  level  and  the 
defects  remedied. 

Next  the  baffles  should  be  examined  and  repaired  and 
the  tubes  swept  and  thoroughly  inspected,  especially  over 
the  fire.  If  any  of  the  tubes  are  found  with  knuckles 
or  crack.';  they  should  be  replaced  with  new  ones.  Then 
the  bridge-wall  and  combustion  chamber  should  be 
cleaned,  and  the  furnace  walls  and  grates  examined, 
as  well  as  the  drum  plates,  inside  and  out,  to  see  that  all 


rivets   are  tight,   and  that  no   pitting   or  corrosion   has 
occurred  on  any  part  of  the  shell. 

Mud-drum  nipples  are  apt  to  rapidly  deteriorate  and 
should  receive  close  attention  and  be  tested  with  a  small 
hammer.  When  the  boiler  is  under  steam  it  should  be 
seen  that  the  safety  valve  releases  at  the  proper  pressure. 
After  the  boiler  is  ready  and  put  into  service  it  should 
be  blown  down  to  one  gage  of  water,  the  damper  opened 
slightly  and  the  fire  started.  It  is  advisable  to  clean 
the  outside  of  the  headers  and  mud-drum  nipples  on 
both  sides,  and  paint  them  with  red  mineral  paint  each 
time  the  boiler  is  washed  out. 


Proposed  Smoke  Rules  for  Cincinnati 

The  report  of  the  Boiler.  Furnace  and  Stack  Code  Com- 
mission appointed  by  the  Mayor  of  Cincinnati  early  this  year 
was  recently  handed  in,  and  it  is  expected  that  the  Council 
will  pass  the  recommendations,  making  them  a  part  of  the 
present    smoke    ordinance. 

Among-  the  recommendations  are  the  following  important 
items: 

The  Smoke  Inspection  Department  shall  supervise  the 
construction  of  steam-boiler  furnaces,  and  require  alterations 
of  furnaces   where   necessary. 

All  plans  and  specifications  for  boilers  and  furnaces  except 
such  as  are  for  installation  in  private  residences  or  in  apart- 
ments having  less  than  five  families,  shall  be  submitted  to 
the  Smoke  Inspection  Department,  and  a  permit  received 
from  that  department  before  work  of  installation  is  begun. 

No  furnace  shall  be  finally  put  into  operation  until  the 
Chief    Smoke    Inspector    has    issued    a    certificate    of    approval. 

The  Chief  Inspector  shall  have  no  authority  to  prescribe 
to  any  consumer,  or  to  recommend  any  particular  brand  of 
fuel  or  fuel  from  any  particular  mine,  but  he  may  advise  as 
to  the  particular  properties  of  the  fuel  best  adapted  to  any 
particular  installation. 

The  permissible  density  of  smoke  shall  not  be  darker  than 
Scale  No.  1,  which  scale  has  for  a  basis  four  thicknesses  of 
gray  glass,  one  thickness  of  which  will  cut  off  60  per  cent, 
of  the  light  from  a  flame  having  the  power  of  16  candles. 

Bach  boiler  with  more  than  1500  sq.ft.  of  heating  surface, 
using  coal  as  fuel  shall  be  provided  with  an  automatic  me- 
chanical stoker. 

All  hand-fired  furnaces  on  boilers  carrying  more  than  20 
lb.  steam  pressure  shall  be  provided  with  steam-air  Jets, 
there  being  one  jet  for  each  250  sq.ft.  of  heating  surface  but 
not  less  than    three  jets  to  an.v   one   furnace. 

The  minimum  distance  between  the  grate  and  tubes  of 
hand-fired  horizontal  water-tube  boilers  shall  not  be  less 
than  36  in.  Boilers  of  this  type  and  of  the  vertical  type  when 
they  are  hand-fired  must  have  an  extension  furnace.  No 
stack  for  a  stationary  boiler  shall  be  less  than  90  ft.  and 
10  ft.  shall  be  added  for  every  right-angle  bend  in  the 
breeching.  Higher  stacks  than  given  by  this  rule  are  recom- 
mended. 

Stacks  of  boilers  used  in  the  repair  of  old  buildings  or  in 
the  construction  of  new  ones  must  extend  to  the  top-most 
story    under     construction. 

For  more  details  concerning  the  construction  of  furnaces 
and  location  of  stokers,  write  the  Smoke  Inspection  Depart- 
ment. This  department  would  undoubtedly  gladly  supply 
such  information   to   boiler  and  stoker  manufacturers. 

Editorial  comment  on  these  proposed  rules  is  made  on  page 
339    of   this   issue. 


N.  A.  S.  E.  Springfield  Program 

The  program  for  the  thirty-first  national  convention  of 
the  National  Association  of  Stationary  Engineers,  to  be  held 
in  Springfield,  Mass.,  on  Sept.   8  to  13,  is  as  follows: 

MONDAY,    SEPT.    8 

9:00  a.m.  to  9:00  p.m. — Reception  of  delegates  and  visitors  at 
the  trains  throughout  the  day;  escorted  by  the  band.  Reg- 
istration  and   distribution    of  badges  at  the   Atiditorium. 

8:00  p.m. — Informal  reception  by  the  national  officers  in  the 
Auditorium's    Mahogany    Room. 

9:00  p.m. — Mechanical  Exhibition,  in  Exhibition  Hall.  Opened 
by  National  President  John  McGrath  and  Vice-President 
James   R.   Coe. 
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TUESDAY,    SEPT.    D 

10:30  a.m. — Opening  exercises  of  convention  in  Court  Sq. 
Theater.  Called  to  order  by  W.  H.  Damon.  cliiurm:in  »t 
the  Local  Committee. 

Convention    Proceedings 

tnvocation — The  Rev.  B.  D.  Hahn,  pastor  of  the  State  Baptist 
Church. 

\ddress  of  Welcome. — Mayor  John  F.  Denison. 

Response — National   President   John    F.  McGrath. 

A^ddress — Charles  T.  Bosworth.  the  Springfield  Board  of  Trade. 

Response — Vice-President  James   R.   Coe. 

\ddress — Stewart   Anderson,   president  the  Publicity   Club. 

Response — Past    National    President    E.    H.    Kearney. 

10:30  a.m. — Convention  opened  by  National  President  .lohn  F. 
McGrath. 

Appointment   of  Convention   Committee. 
Report  of  Credentials  Committee. 
Official  photograph  immediately  after  adjournment.    Recess. 

2:00  p.m. — Session  in  Grand  Army  Hall.  Reports  of  national 
ofBcers.  license  comriiittee.  educational  committee,  com- 
mittee on  history.  Annual  meeting  of  life  and  accident 
department   following  adjournment   of   session. 

2:00  p.m. — Opening  exercises  of  Ladies'  .\uxiliary.  Called  to 
order   by    Mrs.    Carrie   Bremmer. 

Address     of     Welcome — Mayor     Denison.        Response — Past 
President   Mrs.    Louise   Mullen. 

3:30  p.m. — Tea  and  musicale  in  Mahogany  Room.  Ladies  at- 
tending the   convention  are   invited. 

8:30   p.m. — Band   concert   in   the  .\uditorium. 

10    p.m. — Smoker   and    entertainment   at   Hibernian    Hall. 

WBDNESD.\Y.    SEPT.    10. 

9:30  a.m. — Regular  session.     Visit   to  Chapman   Valve   Co. 

1:00  p.m. — Boats  and  trolley  car  pleasure  trip  leave  for 
Riverside  Park.  Includes  a  clambake;  athletic  sports: 
annual  ball  game  of  Engineers  and  Supply  Men,  Prizes 
donated  by  the  Exhibitors'  .Association.  Concert  and 
dancing  afternoon  and  evening.  Fireworks  at  Park  in 
evening. 

THURSD.VT,    SEPT.    11 

9:30  a.m. — Business  at  this  session:  Reports  of  committees; 
discussion  of  welfare  work,  license  legislation,  state  as- 
sociations; convention  work;  methods  of  propagation;  edu- 
cational   features:    entertainment    programs. 

10:00   a.m. — Regular   session,   Ladies"   Auxiliary. 

11:00   a.m. — Annual    memorial    service. 

2:00  p.m. — Report  of  board  of  trustees  of  "National  Engineer." 
Lecture   and   discussion    of   welfare   work. 

2:30  p.m. — Ladies  Day  at  Exhibition  Hall.  Souvenirs  given 
this   afternoon    only. 

8:00  p.m. — Entertainment  at  .Auditorium  liy  Exhibitors  .Asso- 
ciation. 

FRID.AY.    SEPT.    12 

9:30  a.m. — Regular  session.  Com.mittee  reports  and  unfinished 
business.  Selection  of  1914  convention  city.  Election  of 
officers. 

1:00  p.m. — Trolley  trip  to  Mount  Tom  for  the  ladies. 

8:30  p.m. — Installation  of  officers  and  presentations,  at  Hotel 
Kimball. 

9:00    p.m. — Grand   ball   at   Hotel   Kimball. 

SATURDAY,  SEPT.    13 
Delegates  and  visitors  will  be  taken   to  the  points  of  interest 
around  Springfield 


NEW     PUBLICATIONS 


PRACTICAL    GEOMETRY    .AND    GRAPHICS.      By    Bates    and 

Charlesworth.      Published    by    D.    Van    Nostrand    Co.,    New 

York.     Cloth;  616  pages.  5x7'/4  in.:  illustrated  and  indexed. 

Price,    $2   net. 

The    authors    have    written    this    work    with    the    object    of 

giving  a  volume  to  engineers,  architects,  draftsmen,   etc..  that 

they    could    use    in    their    work    and    to   meet    the    demands    of 

students  in   technical  schools. 

There  are  three  sections  to  the  book:  (1)  Plane  Geometry: 
(2)  Graphics:  (3)  Descriptive  Geometry.  In  many  respects  the 
book  is  similar  to  the  many  books  on  this  subject  which  are 
available  in  the  market,  except  that  the  chapter  on  loci  and 
loci  methods  of  solving  problems  and  the  chapters  on  conies, 
graphics  and  vectors  are  more  extensive  than  is  found  in 
most  books.  Numerous  diagrams  are  given  to  assist  the  stu- 
dent   in   grasping  a   knowledge   of  the   subjects   in   hand. 

PR.ACTICAL  M.ATHEMATICS  FOR  TECHNICAL  STUDENTS. 
By  Bates  and  Charlesworth.  Published  by  D.  Van  Nostrand 
Co.,  New  York.  Cloth;  513  pages.  5xT^  in.;  illustrations; 
tables  and  indexed.     Price.  $1.50  net. 


This  book  was  written  for  those  who  do  not  combine  in- 
struction in  practical  mathematics  with  practical  geometry, 
and  who  have  been  unable  to  adopt  the  authors'  existing 
textbooks,  "Practical  Mathematics  and  Geometry."  published 
in  1910. 

No  previous  knowledge  of  mathematics  is  assumed  and  the 
work  is  intended  to  cover  a  two  or  three  years'  course.  .Al- 
though the  treatment  of  the  various  branches  of  mathematics 
is  rather  brief  on  account  of  tVie  size  of  the  book,  the  needs 
of  the  student  who  must  work  unaided  by  a  teacher  have  been 
considered.  The  book  begins  with  simple  examples  in  the 
lower  mathematics  and  treats  all  the  numerous  branches,  in- 
cluding exercises  in  the  use  of  squared  paper,  and  ends  with 
chapters  on  trigonometry  and  calculus.  The  practical  mar. 
who  is  normally  intelligent  and  who  must  teach  himself  the 
branches  of  mathematics  needed  in  his  work  ought  to  make 
reasonably  good  progress  with  this  book  providing  he  is  per- 
sistent. 


ELECTRICITY  FOR  THE  FARM  AND  HOME.  By  Frank 
Koester.  Sturgis  &  'R'alton  Co.,  7^4x5>4  in.  Cloth.  2T9 
pages;    illustrated.      Price,    $1,    net. 

THE  SCIENCE  OF  BURNING  LIQUID  FUEL.  By  William 
Newton  Best.  9^x6%.  Cloth;  illustrated;  159  pages. 
Price,  $2. 

FACTORY  LIGHTING.  By  Clarence  E.  Clewell.  McGraw- 
Hill  Book  Co.  9y2x6>4  in.  Cloth;  161  pages;  illustrated. 
Price.  $2.  net. 


The  second  annual  outing  and  dinner  of  the  Newark,  N.  J.. 
Engineers  Blue  Club  was  held  at  Olympic  Park,  Newark,  on 
Sunday,  Aug.  24.  The  dinner  was  pronounced  the  best  that 
had  ever  been  given  by  the  engineers  in  the  East.  The 
"Bunch"  and  the  Engineers  played  a  tie  game  of  ball,  the 
score  being  5  to  5. 

The  second  annual  National  Gas  Power  Show,  given  by  the 
National  Gas  Engine  Association,  was  held  in  Convention  Hall. 
Kansas  City,  Mo.,  on  -Aug.  16  to  23.  Over  seventy  exhibits 
were  made  and  while  the  majority  of  the  displays  were  of 
small  engines  for  domestic  and  agricultural  uses,  several 
manufacturers  of  power  engines  were  i-epresented. 


PERSONAL  vS 


W.  E.  Sanders,  formerly  with  the  Tagliabue  Manufacturing 
Co.,  New  York  City,  is  associated  with  the  Paul  B.  Huyette 
Co.,    Philadelphia,    as  mechanical    engineer. 

Lawrence  AA'.  Cody,  formerly  chief  electrical  engineer  oi 
the  Browning  Engineering  Co.,  Cleveland.  Ohio,  has  opened 
an  office  at  1557  Robinwood  Ave.,  Lakewood,  Ohio,  and  is  en- 
gaged  in    consulting   and    designing   work. 

George  Best,  president  of  the  Best  Manufacturing  Co.  tor 
12  years,  has  severed  his  connection  with  that  company  and, 
with  his  son.  George  H.  Best,  has  organized  the  Best  Pipe 
Engineering  &  Supply  Co.,  with  office  at  3026  Liberty  Ave., 
Pittsburgh,  Penn..  to  engage  in  the  manufacture  and  sale 
of  pipe,  valves,  fittings,  etc.,  and  design  piping  systems  for  all 
purposes. 

Charles  H.  Moyer,  for  20  years  New  York  manager  and 
chief  traveling  representative  of  the  George  V.  Cresson  Co.. 
Philadelphia,  and  in  the  last  few  months  of  its  successor,  the 
Cresson-Morris  Co.,  has  resigned  his  position.  Mr.  Moyer,  who 
is  widely  known  as  a  specialist  in  power-transmission  ma- 
chinery, was  connected  with  the  George  V.  Cresson  Co.  since 
boyhood  and  held  various  positions  at  the  works  before 
opening  the  New  York  office.  He  contemplates  going  into 
business  as  a  special  engineering  representative  and  manu- 
facturers' agent  with  an  office  at  90  West  St..  New   York  City. 

Nicholas  F.  Brady,  son  of  the  late  Anthony  N.  Brady,  has 
succeeded  his  father  as  president  of  the  Edison  Electric  Il- 
luminating Co..  of  Brooklyn.  J.  C.  Brady,  another  son.  has 
been  made  a  director  and  vice-president  to  fill  the  vacancy 
created  by  the  elevation  of  Nicholas  F.  Brady. 
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Engineer^'  or  "Greaser"? 


"WHien  an  engineer  is  alluded  to  as  a 
'greaser"  we  may  rightly  assume  that  .the 
lumorist  is  the  bigger  and  stronger  man.  It 
equires  might,  brawn  and  muscle  to  be  in- 
genuously truthful  even  after  one  thousand 
line  himdred  and  twelve  years  of  Christian 
nfluence,  for  truth  is  often  harsh  and  uncom- 
jromising. 

"A  greaser  is  a  man  that  greases  or  oils 
nachinery,"  says  my  dictionary.  "An  en- 
^eer  is  one  that  cares  for,  repairs  or  erects 
engines  and  their  auxiliaries." 
iad  the  dictionary  writer  com- 
)iled  his  vocabulary  for  the  sole 
ise  of  engineers  he  would  have 
m  (a)  and  a  (b)  meaning  to  the 
vord  "greaser,"  or  he  might 
lave  left  the  word  out  altogethet 
or  no  one  in  the  trade  would 
lave  to  turn  to  it  to  understand 
Doth  interpretations. 


"Greaser  or  engineer!  To 
vhich  class  do  I  belong?"  is  the 
latural  query.  "Have  I  the 
jualifications  to  be  classed  as 
in  engineer  under  the  Webster- 
an  definition?  Should  I  froth 
It  the  mouth  and  grip  tighter 
ny  wrench  when  the  derogative 
lame  'greaser'  is  applied  to  me? 
vVere  a  duck  to  waddle  into  the 
ingin  room  and  squawk,  'Quack!'  under  my 
nose,  would  I  be  justified  in  masticating  goose 
bon(;s  at  my  next  day's  lunch?" 

i^et — ^me — see. 

If  the  eccentric  of  my  engine  slipped,  can 
I  intelligently  reset  it?  If  I  cannot,  I  am  a 
"greaser."  If  the  load  is  suddenly  thrown 
off  or  the  governor  belt  breaks,  will  the  engine 
run  away?  If  it  will,  "greaser"  and  not  "en- 
gineer" properly  applies  to  me. 

Do  I  know  the  steam  consumption  of  my 


engine,  and  how  favorably  (or  otherwise)  it 
compares  with  the  known  economy  of  others? 
If  I  do  not,  I  am  not  an  engineer.  Does  my 
engine  thump  and  pound,  and  my  valve-gear 
rattle?  If  they  do,  I  am  the  opposite  of  an 
"expert" — a  quack.  Many  more — very  many 
more — are  ttie  questions  which  I,  and  you, 
could  ask,  and  on  candid  answers  will  depend 
our  claim  to  that  which  the  uninitiated  pubUc 
terms  us,   "engineers." 

I  was  lost  in  this  self-examining  mood  when 
a  visitor  entered  the  engine  room 
and  asked:  "Are  you  the  engin- 
eer?" I  suppose  he  wondered 
why  I  flushed,  hesitated  and 
faintly  stammered  "Yes."  There- 
upon he  asked  me  to  show  him 
around  the  plant.  When  this 
was  done,  no  doubt  he  was  able 
'^\\  to  judge  for  himself,  whether  or 
not  I  was  an  "engineer." 

Apropos  of  this,  here  is  a 
little  poem  by  Herbert  Kauf- 
man that  is  worth  reading: 

vSHOW    US 
You  say  that  you  deserve  success ; 
Pitch  in,  and  start  to  sJww  us. 
We  think  that  ycu  deserve  far 
less, 
And  oug/n  to  be  below  us. 
It's  up  to  yon  and  what  you  do, 
Mere  empty  tvords  won't  change  our  view. 
Come,  prove  our  viewpoint  isn't  inie\ 
Results  are  ail  that  we  will  count; 
If  you  can  climb,  begin  and  mount; 
Present  your  case — we're  on  the  jur}-; 
But  all  of  us  are  from  Missouri. 

Will  your  plant  stand  the  test  of  "Show 
us"?  Will  its  condition  indicate  that  "greas- 
er" is  the  right  term  to  apply  to  you? 

[  Written  by  R.  O.  Richards,  Framingham,  Mass.\ 
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crating  Boilers  under  Difficulties 


By  F.  J.  Ravlix 


SYNOPSIS — Difficulties  encountered  in  operating  a 
steam  plant  in  the  winter  while  installtng  four  additional 
boilers.  Steam  gages  and  water  columns  froze  and 
frozt^n  fuel  was  lu^ed  while  installing  a  conveying  sys- 
tem. 


Tlie  boiler  plant  of  a  lai 
of   eight    2o0-]ip.    -watrr-Tiili 


e  railroad  si 
boilers,    wa.s 


lop,  consisting 
too   small    to 


Fig.  1.    BoiLKi!  Room  fhom  East  P^xd 


dig  the  frozen  coal  (screenings)  from  the  cars,  load 
into  wheelbarrows,  dump  it  into  the  hoppers  and  remo' 
the  ashes  from  the  pit  into  wheelbarrows  and  wheel  the 
out  into  the  cars  on  the  west  side  of  the  station.  Eigl 
boilers  were  in  operation  from  Xov.  1  to  June  1,  witho^ 
interfering  with  the  shop  service. 

After  the  building  was  completed  and  the  four  ne 
boilers  were  in  operation,  four  of  the  old  settings  we 
torn  down  and  the  floor  excavatf 
between  the  old  and  new  batterie 
The  old  boilers  were  thorough 
cleaned  and  inspected  and  horizout 
baffles  substituted  for  the  vertic 
baffles. 

The  view  of  the  west  side  of  tl 
power  station,  Fig.  2,  shows  the  ne 
coal  elevator  and  storage  bin  of  TOl 
ton  capacity.  A  pneumatic  ash  coi 
veyor  takes  care  of  the  four  ne 
boilers  on  the  north  side  of  tl 
boiler  room  and  will  eventually  sen 
the  eight  old  boilers  on  the  south  sil 
of  the  room.  A  50-ton  ash  tank  <j 
the  we*t  side  of  the  coal  bunker  di 
charges  the  ashes  into  a  car  on  tl 
coal  track. 

The  resetting  of  the  old  boile: 
was  accomplished  by  placing  two  2( 
in.  steel  I-beams  over  each  end  ( 
the  drums  and  bolting  the  old  fraini 
work  through  these  I-beams  so  tin 
the  boiler  was  siipported,  allowii 
the  excavating  to  be  done  under  tl 
entire    battery    at    one    time.      Tl: 


carry  the  heating  and  power  load, 
and  four  more  boilers  were  added. 
An  extension  on  the  north  end  of 
the  boiler  room  to  accommodate 
them  and  leave  space  for  a  future  ad- 
dition of  four  more  was  built. 

On  accoimt  of  various  delays  the 
work  was  not  well  under  way  until 
cold  weather,  at  which  time  the 
boiler-room  roof  was  off  and  the  en- 
tire west  end  of  the  boiler  plant  was 
exposed  to  the  elements.  A  rough 
shed  was  built  over  the  west  and 
north  ends  of  the  plant,  but  in  se- 
vere weather  the  temperature  fre- 
quently went  do^vn  to  15  deg.  below 
zero  and  the  gages  and  water  col- 
umns were  frozen  while  in  operation. 

The  coal  elevator  had  been  re- 
moved and  all  the  coal  was  brought 
in  by  wheelbarrows  from  the  west 
end  of  the  building  on  a  platform 
and  dumped  into  the  top  of  the 
chain-grate  hoppers.  Fig.  1.  It  re- 
quired 25  laborers,  day  and  night,  to 


Fig.  2.   West  Side  of  Power  Statiost 
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aiiis  vouUl  be  .<lid  from  one  boiler  to  another.  The 
leme  materially  expedited  the  work  and  danger  of 
eident  from  the  excavating  was  minimized. 
The  horizontal  baffles  have  entirely  eliminated  the 
loke  from  the  reset  boilers.  Analysis  of  the  ash  from 
Bse  two  settings  showed  24%  combustible  from  the  old 
de  and  10%  in  the  ash  from  the  new-style  setting. 
Fig.  2  shows  the  two  stacks  in  operation  with  four 
ilers  on  the  old  and  four  boilers  on  the  new  one.     Coal 


is  received  in  drop-bottom  cars  and  is  unloaded  into  a 
hopper  under  the  track  at  the  west  end  of  the  station. 
Thence  it  goes  through  a  coal  crusher  and  is  elevated  to 
the  storage  bin.  Drawnv  from  the  bottom  of  this  bin 
into  a  7-ton  trolley  car,  it  is  distributed  to  each  indi- 
vidual furnace,  the  hopper  of  which  holds  approximately 
lYo  tons.  This  plant  consumes  on  the  average  200  tons 
of  washed  screenings  per  day  during  severe  winter 
weather  and  125  tons  during  tlie  summer. 


Factors  of  Safety  and  Insurance 


rNOPSIS — Alt  aijpeal  for  higher  and  more  uniform 
tes  for  boiler  and  flywheel  insurance  and  casualiy  lines 
general. 

Factor  of  safety  in  engineering  is  the  ratio  of  breaking 
reugtli  to  safe  load.  Correspondingly,  factor  of  safety 
insurance  is  the  ratio  of  underwriting  profit  to  premium 
come.  A  successful  engineering  structure  must  have  a 
ir  factor  of  safety,  and  likewise  a  successful  line  of  in- 
rance  must  produce  a  fair  underwriting  profit. 
In  engineering  a  hazardous  structure  demands  a  high 
etor  of  safety,  and  likewise  in  insurance  a  hazardous 
16  demands  a  high  margin  of  profit.  The  underlying 
ason  is  the  same  in  both  instances.  In  engineering  the 
ctor  of  safety  takes  care  of  variations  in  the  supposed 
rength  of  the  material,  variations  in  workmanship,  and 
nditions  unforeseen  at  the  time  the  structure  was  de- 
^ued.  In  insurance  the  margin  of  profit  takes  care  of 
nations  from  the  general  average  for  that  particular 
izard,  incomplete  or  misleading  information  given  to 
e  underwriter,  and  conditions  unforeseen  at  the  time  of 
ting  the  risk. 

An  assumed  factor  of  safety  in  engineering  is  composed 
two  parts,  a  real  factor  of  safety,  and  a  pure  factor  of 
norance.  An  assumed  factor  of  safety  in  insurance  is 
iewise  composed  of  these  two  parts. 

Engineering  Factors  of  Safety 

These  remarks  may  be  exemplified  as  follows:  For  a 
eel  roof  truss  a  factor  of  safety  of  three  is  sufficient,  be- 
use  the  maximum  loading  expected  to  be  imposed  upon 

in  service  can  be  estimated  beforehand,  and  because 
le  strength  of  structural  steel  is  uniform  and  depcnd- 
)le. 

For  a  steam  boiler  a  factor  of  safety  of  five  should  be 
nployed,  because  the  strength  of  boiler  steel  is  not  uni- 
irm,  even  in  different  parts  of  the  same  plate,  because 
le  strength  is  affected  by  the  heat  of  the  furnace,  be- 
luse  the  workmanship  on  the  boiler  cannot  be  depended 
pon,  and  because  the  safest  of  boilers  is  a  dangerous 
enace  to  life  and  property. 

For  flywheels  a  factor  of  safety  of  ten  on  strength 
fould  be  employed  because  they  are  made  of  cast  iron,  a 
aterial  of  such  uncertain  strength  and  low  ductility  that 

may  easily  be  fractured,  because  dangerous  shrinkage 
rains  are  set  up  when  the  wheel  is  cast,  because  a  factor 
'  safety  on  strength  of  ten  is  equivalent  to  a  margin  of 
fety  on  speed  of  but  little  more  than  three,  because  the 

•Abstract  of  a  paper  read  bv  W.  H.  Boehm  before  the  In- 
rnational  Association  of  Casualty  and   Surety  Underwriters. 


safety  of  the  wheel  is  dependent  upon  governing  mechan- 
ism which  may  get  out  of  order  and  allow  the  wheel  to 
race,  and  because  a  rotating  flywheel  is  a  dangerous  men- 
ace to  life  and  property. 

Insurance  Factors  of  Safety 

The  insurance  factors  of  safety  in  liability  risks,  in 
workmen's  compensation  risks,  in  steam-boiler  risks,  and 
in  flywheel  risks  are  largely  dependent  upon  the  engi- 
neering factors  of  safety.  For  example,  if  a  roof  falls,  a 
boiler  explodes,  or  a  flywheel  disrupts,  the  engineering 
factor  of  safety  is  wiped  out  and  likewise  the  resultant 
property  loss  and  personal  injury  damages  may  be  suffi- 
cient to  wipe  out  the  insurance  factor  of  safety.  The  in- 
surance factor  of  safety  is  also  largely  dependent  upon 
the  number  of  risks  in  force,  because  the  premium  in- 
come from  a  small  number  of  risks  might  not  contribute 
enough  in  the  lifetime  of  a  company  to  pay  for  a  single 
disastrous  loss.  The  factor  of  safety  in  insurance  also 
depends  upon  many  other  things,  most  important  of 
which  is  a  well  devised  system  of  accident  prevention,  and 
not  the  least  important  of  which  is  efficiency  of  manage- 
ment. 

Boiler-  and  Flywheiol-Insurance  Factors  op  Safety 

Compared  with  other  lines  the  volume  of  boiler  in- 
surance written  is  snuUi,  the  annual  income  of  all  com- 
paiiies  combined  being  only  $2,568,000 — and  the  engi- 
neering factor  of  safety  is  high.  Correspondingly,  then, 
the  insurance  factor  of  safety  should  be  high.  It  is, 
however,  now  so  low  that  it  is  exceedingly  difficult  for 
even  the  larger-volume  companies  to  show  an  undei^writ- 
ing  profit.  That  smallness  of  volume  seriously  affects 
its  factor  of  safety  is  shown  by  the  interesting  experi- 
ence of  a  company  that  has  a  volume  of  boiler  insurance 
approximating  only  $20,000  annually.  During  one  year 
it  had  a  loss  ratio  of  only  1  per  cent.,  and  during  an- 
other year  it  had  a  loss  ratio  of  nearly  140  per  cent.  That 
is  to  say  it  paid  out  for  losses  alone  40  per  cent,  more 
than  it  received  in  premiums. 

The  total  volume  of  flywheel  insurance  written  an- 
nually is  even  less  than  the  total  volume  of  boiler  insur- 
ance; and  the  engineering  factor  of  safety  for  flywheels 
is  greater  than  the  engineering  factor  of  safety  for  boil- 
ers. Correspondingly,  then,  the  factor  of  safety  for  fly- 
wheel insurance  should  be  higher.  This  is  confirmed  by 
the  fact  that  the  combined  loss  ratio  of  all  companies  on 
flywheel  insurance  is  higher  than  their  combined  loss 
ratio  on  boiler  insurance.  That  smallness  of  volume 
seriously  affects  its  factor  of  safety  is  shown  by  the  ex- 
perience of  a  company  that  has  a  volume  of  flywheel  in- 
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surance  approximating  only  .$400(1  annually.  During  one 
year  it  bad  a  loss  ratio  of  nothing,  while  during  another 
year  it  had  a  loss  ratio  of  over  300  per  cent.  That  is  to 
say  it  paid  out  for  losses  alone  three  times  as  niueh  as  it 
received  in  premiums. 

Another  company  having  an  annual  income  of  only 
$1000  fi'om  flywheel  insurance,  during  one  year  had  a 
loss  ratio  of  nothing,  and  during  another  year  had  a  loss 
ratio  of  nearly  1000  per  cent.  That  is  to  say,  it  paid  out 
for  losses  alone  nearly  ten  times  as  nnich  as  it  received 
in  premiums.  It  is  interesting  to  note  in  passing  that 
even  the  larger-volume  companies  are  sometimes  hard  hit. 
Por,  during  the  first  three  weeks  of  this  year,  a  company 
that  writes  a  large  volume  of  boiler  insurance  sustained 
tosses  from  three  boiler  explosions  that  aggregated  nearly 
$200,000.  It  is  readily  seen  from  this  how  easy  it  would 
be  for  a  single  disastrous  explosion  to  more  than  wipe 
ciut  for  a  number  of  years  an  estimated  underwriting 
])rofit  of  5  to  10  per  cent. 
Factoks  of  Safety  for  Casualty  Lines  in  General 

Extracts  from  the  financial  statements  for  1918  of 
companies  transacting  various  casualty  and  liability  lines 
indicate  that  of  the  69  companies  transacting  these  lines, 
36  sustained  an  underwriting  loss;  and  the  combined 
results  of  the  entire  69  companies  showed  a  net  under- 
writing loss  of  0.6  per  cent.  Great  variations  are  observed 
in  the  percentages  of  underwriting  profits  and  losses, 
ranging  from  a  profit  of  41.8  per  cent,  to  a  loss  of  158.4 
per  cent,  of  the  premium  income.  Grouped  under  the 
head  of  each  line  written,  casualty  companies  show  an 
underwriting  loss  of  1.5  per  cent.,  surety  companies  a 
profit  of  1.8  per  cent.,  plate-glass  companies  a  profit  of 
6.9  per  cent.,  and  remaining  companies  a  loss  of  0.5  per 
cent. 

During  the  past  ten  years  the  combined  underwriting 
profits  of  these  69  companies  steadily  decreased.  The 
vanishing  point  was  reached  in  1911,  when  there  was  a 
substantial  underwriting  loss.  The  loss  in  1913  was  even 
greater  than  in  1911,  from  which  it  is  apparent  that 
something  must  be  accomplished  to  better  the  factor  of 
safety,  if  stockholders  are  to  receive  a  fair  dividend  on 
their  investment  and  policyholders  are  to  have  proper 
guarantees  for  the  payment  of  future  losses. 

Steam-Boiler  and  Flywheel  Insurance 

The  steam-boiler  and  flywheel  business  has  been  in 
more  or  less  of  a  demoralized  state  ever  since  the  com- 
petitive writing  of  these  lines  began.  There  has  been  no 
cooperation  as  to  insurance  requirements  for  the  proper 
construction  and  safe  operation  of  boilers  and  flywheels ; 
and  there  has  been  no  interchange  of  experience  or  sta- 
tistics, or  opinions  as  to  the  rates  for  which  steam-boiler 
and  flywheel  insurance  could  be  written  w^ith  safety.  Com- 
pany after  company  has  entered  the  field,  depressed  rates, 
demoralized  the  business  generally,  and  then  retired.  The 
cost  of  boiler  and  flywheel  inspection  has  steadily  in- 
creased on  account  of  the  increase  in  the  hotel  and  travel- 
ing expenses  of  inspectors,  and  the  increasing  mass  of 
data  required  to  be  placed  on  file  by  state  authorities. 
The  loss  ratio  has  increased  on  account  of  the  greater 
amounts  that  must  now  be  paid  for  personal  injury  losses 
under  the  new  liability  and  workmen's  compensation 
laws,  and  for  other  reasons.  Bates  have  steadily  decreased 
until  they  are  now  too  near  the  danger  line. 


Bettering  the  Factor  of  Safety 

The  remedy  for  this  condition,  not  only  as  respects 
steam-boiler  and  flywheel  insurance  but  as  respects  other 
lines  of  the  casualty  and  surety  business,  lies  in  coopera- 
tion. It  is  essential  for  the  mutual  interests  of  all  the 
the  companies  may  be  compiled,  and  equitable  rates  based 
and  that  a  bureau  be  maintained  for  each  line  of  insur- 
ance transacted,  in  order  that  the  combined  experience  of 
all  the  companies  be  compiled,  and  equitable  rates  based 
upon  this  combined  experience  be  formulated,  and  strictlj 
adhered  to.  Printed  manuals  containing  such  rates  maj 
be  used  by  the  companies  jointly,  not  necessarily  becaust 
of  any  agreement  among  themselves  to  do  so,  but  solelj 
because  they  believe  them  to  be  right  rates. 

There  has  been  formed  by  company  members  of  the 
National  Association  of  Casualty  and  Surety  Underwrit- 
ers a  steam-boiler  and  flywheel  service  and  information 
bureau.  The  organization  of  this  bureau  is  now  neaiiy 
complete,  and  it  is  expected  to  be  in  full  sway  some  time 
in  September. 

Ideal  Automatic  Float  Valve 

This  valve  is  designed  to  automatically  control  the 
height  of  water  in  tanks  and  reservoirs  and  can  be  ad- 
justed to  maintain  the  water  at  any  desired  level,  lu 
the  sectional  view,  shown  herewith,  the  water  enters  tlie 
tubular-valve  A  at  the  inlet  L.    When  the  valve  is  closed 


Ideal  Float  Valve 

the  pressure  comes  against  the  leather  seat  B,  which  can 
be  renewed  by  removing  the  plug. 

When  the  water  in  the  tank  lowers,  the  float  ./  cani"; 
the  end  M  of  the  lever  D  upward,  which  moves  the  ti'L 
C  with  it.     As  the  toggles   C  and  E  are  attached 
movement  carries  the  valve  A  away  from  its   seat  and 
water  will  flow  through  the  outlet  /. 

The  float  J  is  adjustable  at  K  and  can  be  operated  at 
any  angle.  The  valve  passes  through  a  stuffing-box  G, 
containing  square  flax  packing  H.  The  valve  is  made  in 
sizes  from  1  to  21/2  in.  by  the  American  Steam  Gauge  & 
Valve   Manufacturing   Co.,    Camden    St.,   Boston,   Mass. 

The  decline  in  sliipbuilding  during  the  five-year  period  be- 
tween 1904  and  1909,  according  to  the  Census  Bureau,  is 
clearly  brought  out  by  the  fact  that  for  all  classes  of  vessels 
of  five  tons  and  over  there  was  a  decrease,  with  the  exception 
of  motor  boats,  which  formed  a  small  part  of  the  total  number 
reported.  The  decline  in  the  iron  and  steel  branch  of  the 
industry  is  no  doubt  due  to  the  decrease  in  government  work 
done  in  private  shipyards.  The  increase  in  the  number  of 
small  boats  constructed  is  perhaps  the  most  noteworthy  fact. 
Motor  boats  of  more  than  five  tons  increased  1S9.9  per  cent,  in 
gross  tonnage  from  1904  to  1909.  The  number  of  small  power 
boats  of  less  than  five  tons  launched  by  private  establishments 
in  the  shipbuilding  industry  was  8577  in  1909,  as  against 
1687  in  1899.  an  increase  for  the  decade  of  408.4  per  cent. 
Practically  all  the  boats  of  this  tonnage  are  fitted  with  inter- 
nal-combustion   engines. 
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Large  Power  System  in  South  Africa 


^YNOPSIi) — 'The  plants  of  the  Victoria  Fatls  and 
Transvaal  Power  Co.  deliver  over  five  million  hilowatt- 
hours  annually  to  the  great  mining  industries  in  that 
■section.  About  fifty  thousand  horsepower  is  delivered  hy 
■conipressed-Oiir  transmission,  the  greatest  distance  in  this 
case  being  eighteen  miles,  the  remaining  power  is  trans- 
mitted hy  high-tension  current. 

Xotably  important  are  the  installations  of  the  Victoria 
Falls  and  Transvaal  Power  Co.  in  South  Africa  which, 
after  but  four  years  of  operation,  have  reached  an  annual 
delivery  of  five  million  kilowatt-hours  with  the  not  far 
•distant  probability  of  ten  millions.  In  load  capacity  they 
rank  not  only  first  among  public  power  plants  for  in- 
dustrial service  but  are  the  only  ones  delivering  a  large 
part  of  the  energy  great  distances  in  the  form  of  com- 
pressed air;  this  service  alone  amounting  to  50,000  hp. 

From  a  report  of  an  investigation  made  in  1905  as  to 
power  needs,  the  gold  fields  of  Witwatersrand  extending 
"east  and  west  from  Johannesburg  a  total  distance  of  some 
50  miles  with  an  average  width  of  about  six  miles  un- 
doubtedly comprise  one  of  the  greatest  industrial  districts 
■on  earth.  The  number  of  mines  in  operation  on  June 
30,  1905,  was  66  and  the  machinery  exceeded  200,000  hp. 
Of  this  power  production  only  about  25,000  hp.  was  elec- 
tric and  practically  all  the  rest  was  steam.  An  average 
for  24  mines  reported  1.62c.  per  i.hp.-hr.  as  the  cost  of 
power,  which,  expressed  in  electrical  units,  assuming  a 
steam-engine  efficiency  of  85  per  cent.,  shows  a  cost  of 
2.52c.  per  kw.-hr. 

The  figures  showed  that  the  operating  conditions  pe- 
culiar to  Witwatersrand,  more  than  elsewhere,  urged  the 
•centralization  of  power  production.  The  great  consump- 
tion density  and  the  otherwise  hardly  attainable  high 
load  factor  were  in  this  case  forceful  elements  in  favor 
of  distribution  from  a  large  power  house. 

First  of  all  a  design  was  worked  out  for  the  transmis- 
.sion  of  compressed  air  and  electricity.  The  main  plant 
was  designed  for  70,000  hp.  and  in  addition  to  the  Eck- 
stein mines  was  to  serve  those  of  the  Consolidated  Gold- 
fields  group.  At  the  same  time  the  current  price  was 
estimated  at  0.9c.  per  kw.-hr.;  whence  it  would  have  paid 
to  have  supplanted  already  existing  steam  plants  by  elec- 
tric drives.  The  air  was  to  be  compressed  in  a  large 
•central  compressor  plant  and  delivered  to  the  mines 
through  a  system  of  piping  under  a  pressure  of  about 
120  lb.  The  electric  long-distance  transmission  system 
was  to  be  overhead. 

The  argument  for  this  plan  w^as  that  the  direct  trans- 
fer of  compressed  air  would  yield  a  higher  efficiency  than 
electric  transmission  for  the  operation  of  individual  com- 
pressors by  means  of  electric  motors  at  each  mine. 

Coincident  with  the  efforts  of  the  Allgemeine  Elek- 
tricitats  Gesellschaft,  though  independent  thereof,  the 
Chartered  Co.  also  took  up  the  question  of  power  sup- 
ply to  the  Rand  territory  with  a  view  to  utilizing  the  vast 
power  possibilities  of  the  Zambesi  at  Victoria  Falls.  To 
this  end  rights  were  acquired  from  the  Chartered  Co.  to 


•Translated  and  abstracted  by  W.  P.  Monaghan  from  a 
contribution  in  "Zeitschrift  des  Vereines  Deutscher  Ingen- 
ieure,"   by   Dr.  G.   Klingrenberg. 


erect  at  the  Victoria  Falls  site  a  power  house  with  a 
capacity  of  250,000  hp.  The  need  of  an  exhaustive  in- 
vestigation into  the  means  to  be  taken  to  make  it  eco- 
nomically and  technically  possible  to  transmit  this  ser- 
vice over  the  distance  of  680  miles,  led  to  the  formation 
of  a  committee  of  experts  which  included  Blondel,  of 
Paris,  Gisbert  Kapp,  of  Edinburgh,  Lord  Kelvin,  of  Lon- 
don, and  Tissant,  of  Basel. 

Though  this  project  was  not  carried  into  effect,  the 
experts  recommended  a  high-tension  three-phase  trans- 
mission having  a  constant-current  intensity  and  a  vari- 
able voltage;  the  service  to  be  thus  varied  by  means  of 
automatic  regulation  of  the  pressure,  the  upper  limit 
of  which  was  placed  at  100,000  volts.  The  disadvantage 
of  constant  copper  losses,  particularly  noticeable  at  light 
loads,  was  negligible  because  a  load  factor  of  over  80 
per  cent,  could  be  counted  on  and  because  there  was 
at  hand  a  water  power  otherwise  unutilizable  during 
such  light  loads. 

With  the  incorporation  of  the  Victoria  Falls  Power  Co. 
in  1905,  the  Allgemeine  Elektricitats  Gesellschaft  as- 
sumed the  development  of  the  different  projects  and  all 
construction.  Two  power  houses  with  a  total  capacity 
of  18,000  kw.  were  decided  on  as  the  initial  installation. 
The  smaller  plant,  with  two  3000-kw.  units,  was  to  be 
erected  at  Brakpan  in  cooperation  with  the  Rand  Central 
Electric  Works  and  the  other  with  four  3000-kw.  units 
at  Siramerpan,  because  only  at  those  points  two  large 
artificial  ponds  were  available  for  the  necessary  water.    ' 

The  Bhakpan  and  Simmeepan  Works 

The  Brakpan  works  are  situated  in  the  extreme  east- 
erly part  of  the  Rand.  The  extent  of  the  installation 
was  restricted  at  the  start  by  the  water  supply  for  con- 
densing purposes.  The  plant  consists  of  two  turbo-gen- 
erators of  3000  kw.,  which  were  originally  wound  for 
10,000  volts,  but  later  were  rebuilt  for  low  voltage  and 
transformer  inclusion  because  the  high-tension  winding 
was  too  much  endangered  through  the  heavy  atmospheric 
discharges. 

There  are  eight  B.  &  W.  marine-type  boilers  with  a 
normal  delivery  capacity  of  17,000  to  22,000  and  a  maxi- 
mum of  30,000  lb.  of  steam  per  hour  at  a  temperature 
of  600  deg.  F.  Green  economizers  and  artificial  draft  on 
the  ejector  principle  are  provided  with  two  boilers  to  a 
stack.  The  efficiency  attained  in  operation  lies  between 
77  and  80  per  cent,  and  a  preliminary  test  made  in 
Glasgow  showed  83  per  cent.  The  blowers  are  driven  by 
direct-connected  electric  motors  and  the  draft  is  regulated 
by  dampers.  The  natural  draft  is  sufficient  for  about  -lo 
per  cent,  of  the  boiler  duty.  For  fuel,  dust  coal  is  used 
with  a  small  admixture  of  fine  coal ;  the  heat  value  of  this 
fuel  being  from  9000  to  10,800  B.t.u.  The  voltage  is 
stepped  ujj  to  40,000  volts  and  the  current  is  transmitted 
exclusively  by  overhead  systems. 

At  the  Simmerpan  works  there  are  two  boiler  houses, 
each  with  eight  boilers  of  a  unit  hourly  capacity  of  19,800 
lb.  Each  boiler  house  serves  as  an  initial  installation, 
two  turbo-generators  of  2000  kw.  capacity.  In  the  steam 
lines  the  ordinary  separators  did  not  prove  sufficient,  in- 
asmuch as  at  first  through  frequently  occurring  short- 
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circuits  water  was  carried  over  to  tlie  turbines.  They 
were  on  that  account  displaced  by  receiver  separators 
which  serve  not  only  for  their  intended  pnrjwse  but,  at 
tlie  same  time,  act  as  heat  reservoirs  to  recvaporate  the 
entrained  water. 

It  may  be  noted  that  the  two-generator  booster  used 
to  charge  the  battery  is  driven  by  a  synchronous  motor 
which  is  operated  by  the  battery  in  case  of  interruption 
of  the  power  plant  and  is  employed  to  actuate  the  au.xil- 
iary  motors.  To  this  end  the  battery  is  designed  tor 
short  periods  of  heavy  load.  This  arrangement  has 
proved  well  justified,  serving  to  operate  the  auxiliary  ma- 
chinery when  other  sources  of  current  were  not  avail- 
able. 

Midway  between  Brakpan  and  Simmerpan  is  situated 
the  main  switch  and  transformer  station,  or  substation, 


kiUiwatt-hour  of  electricity  was  0.89c.  and  for  a  kilowatt- 
hour  of  air  1.33c.;  subject  to  a  decrease  if  the  freiglit 
charges  on  the  coal  were  lessened. 

The  contract  with  the  Eck-stein  mines  was  later  ex- 
tended to  20  years  and  the  guaranteed  minimum  current 
consumption  was  raised  from  80  to  130  millicjn  kw.-hr. 
per  annum. 

Lacking  government  consent  for  the  introduction  of 
foreign  current  into  the  Transvaal,  withheld  for  the  pro- 
tection of  the  coal-handling  interests,  the  utilization  of 
the  Victoria  Falls  was  impossible  and  the  corporate  name 
was  changed  to -the  Victoria  Falls  &  Transvaal  Power 
Co.  A  new  contract  was  entered  into  with  the  Allgemeine 
Elektricitats  Gesellschaft  for  the  construction  of  new 
power  houses  with  a  service  capacity  of  84,000  kv.-a.  in 
steam  turbine  units  and  40,000  hp.  in  air  compressors, 
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and  through  which  pass  both  tlie  40,000-volt  lines.  The 
voltage  is  there  stepped  down  to  10,000  and,  as  at  Brak- 
pan and  Simmerpan,  there  are  local  distribution  systems. 

FuETHER  Development 

Growing  out  of  the  desire  that  the  city  of  Johannes- 
burg be  made  independent  in  the  matter  of  current  sup- 
ply it  was  suggested  tliat  a  steam-operated  power  plant 
be  erected  to  serve  the  city  and  adjoining  districts.  With 
tliis  object  in  view,  negotiations  were  conducted  with 
different  mining  companies  and,  while  the  Victoria  Falls 
Power  Co.  prevented  the  accomplishment  of  a  contract 
with  the  city,  the  plan  was  successful  in  that  the  largest 
of  the  mining  interests,  the  Eckstein  group,  entered  into 
an  agreement  for  current  delivery — probably  the  most 
important  of  its  kind  ever  consummated  with  a  single 
consumer.  Outside  of  a  guaranteed  minimum  yearly 
consumption  of  80  million  kw.-hr.,  the  Eckstein  concern 
pledged  itself  for  its  total  power  needs,  and,  in  addition, 
all  machinery  should  be  ready  for  electric  operation  by 
the  time  the  new  power  plant  was  finished. 

About  40  per  cent,  of  the  service  was  to  be  througli 
compressed  air.  To  arrive  at  this  air  service,  investiga- 
tions were  made,  and  in  particular  the  conversion  factor 
for  one  kilowatt  of  air  service  was  determined  from  the 
formula 
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-    was  to  be  determined  by  efficiency  tests  of 
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and  the  necessary  overhead  transmission  lines  for  40,000 
and  10,000  volts,  an  underground  cable  system  for  20,00C' 
volts  and  an  extended  piping  .system  for  128  lb.  pres- 
sure. Meanwhile,  through  the  taking  over  of  two  new 
mining  companies,  the  power  need  of  the  Eckstein  group 
had  increased  to  320  million  kw.-hr.  To  be  added  thereto 
was  the  very  considerable  power  consumption  by  thi? 
Goldfields  and  Albu  groups  which  had,  in  the  meantime, 
signified  their  readiness  to  be  included  in  the  service, 
that  to  begin  with,  a  consumption  of  al)out  500  million 
kw.-hr.  could  be  counted  on. 

The  coal  found  in  the  Eand  territory  lies  at  moderate 
depth  and  is  of  low  grade,  though  when  mixed  with  the 
better  grades  it  is  available  for  use  with  the  chain-grate 
stoker.  The  most  important  coal  deposits  are  in  the 
Witbank-Middleburg  district,  about  200  miles  east  of 
Johannesburg.  The  coal  is  good  and  has  a  heat  value  of 
11,500  to  12,600  B.t.u. 

RoSHERVILLEDAil    AND    RoBIXSOX    CENTRAL    PLANTS 

The  power  plant  at  Roshervilledam  consists  at  present 
of  32  boilers  of  33,000  lb.  hourly  evaporative  capacit;.' 
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each,  or  a  total  of  1,05G,00()  lb.  per  hr.  Tlie  engine 
house  contains  five  turbo-generators,  each  of  12,000  kv.-a. 
[capacity  at  5000  volts  and  six  4000-hp.  turbo-compressors. 
The  exhaust  from  the  auxiliary  turbines  is  discharged 
into  the  second  stage  of  the  main  turbines  and  the  ex- 
haust from  the  turbines  operating  feed  pumps  is  used  for 
heating  the  feed  water. 

The  same  provision  is  made  here  as  in  the  other  plants 
Eor  the  operation  of  the  auxiliaries  by  use  of  the  synchrou- 
3us  motor  of  the  storage-battery  generator  set ;  the  auxil- 
iary transformers  being  automatically  disconnected  from 
the  busbars  on  the  resumption  of  the  main  current  supply. 

The  Robinson  Central  Works  form  a  subsidiary  in- 
stallation about  five  miles  west  of  IJoshervilledam.  It  is 
aot  a  generating  station  aiid  current  is  supplied  to  it 
from  Eoshervilledam  by  four  40,000-volt  overhead  con- 
iuctors  and  from  Yereeniging  by  three  8(),000-volt  con- 
luctors  and  stepped  down  as  needed. 

The  air  is  supplied  by  turbo-compressors  of  which  six 
1000-hp.  units  comprise  the  initial  installation.  Each 
.mit  is  made  up  of  two  parts  of  two  cylinders  each  and 
?ach  part  is  operated  by  means   of   a  direct-connected. 


drawn  from  the  Itobinson  pond  and  delivered  through 
a  duplex  coke  filter. 

Of  the  330  million  kw.-hr.  for  the  Eckstein  group, 
about  40  per  cent,  was  to  be  furnished  in  compressed  air. 
From  the  determined  load  factor,  and  with  inclusion  of 
the  25  per  cent,  reserve  on  call,  this  quantity  of  air  indi- 
cated a  mechanical  duty  of  around  50,000  hp.  The  maxi- 
mum transmission  distance  for  the  air  is  a  little  over 
18  miles.  Previous  to  I  his  installation  the  compressed- 
air  plant  then  in  operation  at  Paris  had  a  duty  of  ap- 
proximately only  8000  hp.,  and  the  largest  reciprocating 
compressor  built  for  the  pressure  in  question  had  a  ca- 
pacity of  but  1500  hp.  The  designing  of  rotary  com- 
pressors was  still  in  the  early  stages  of  development  and 
satisfactory  results  were  at  hand  only  for  small  loads  and 
air  lines  of  only  approximate  measurements,  for  such 
pressures  had  not  previously  been  used.  Even  the  pipe 
couplings,  required  over  three  months  in  their  develop- 
ment, as  the  Paris  type  had  proved  unsuitable.  These 
couplings  had  to  meet  the  following  severe  requirements. 

fa)  They  must  serve  as  stuffing-boxes  as  the  pipe  lines 
are  exposed  to  great  temperature  changes. 
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iOOO-hp.  sjnchronous  motor,  this  method  of  drive  being 
^referred  because  the  load  factor  of  the  whole  system 
s  thereby  improved.  An  installation  of  special  motor- 
generator  sets  is  provided  for  starting  the  compressors ; 
he  motors  of  these  sets  being  synchronous. 

In  starting,  the  generator  of  a  set  is  first  electrically 
•onuected  with  one  of  the  motors  of  the  compressor  unit 
md  both  the  generator  and  motor  are  then  fully  excited; 
ipon  which  the  generator  is  slowly  set  in  motion.  The 
synchronous  motor  of  the  compressor  is  carried  along  with 
t,  the  suction  valve  being  closed  and  the  compressor  run- 
ling  light,  and  after  a  speed  of  3000  r.p.m.  has  been 
•eached  it  is  cut  into  the  system,  in  the  usual  way  for 
synchronizing,  and  the  starting  generator  is  then  thrown 
)ut.  This  procedure  is  repeated  for  starting  the  other 
notor  of  the  compressor  unit.  The  service  necessary  for 
he  starting  of  the  individual  halves  of  the  compressor 
inits  lies  between  400  and  600  kw. 

It  is  important  that  the  piping  system  should  be  sup- 
)lied  with  the  cleanest  possible  air,  and  good  filtering 
)]ants  are  installed.  A  special  pumping  plant  provides 
he  water  for  cooling  the  compressors,  the  supply  being 


(b)  They  must  bo  easily  taken  ai)art  to  permit  of 
pipe  removals. 

(c)  They  must  allow  direction  changes  of  5  to  10 
(leg.,  tliat  the  line  may  accommodate  itself  to  surface 
idignment. 

(d)  They  must,  under  these  conditions  and  with  pipes 
of  a  maximum  diameter  of  24  in.  remain  tight  under 
a  pressure  of  128  lb.  per  sq.in. 

The  measuring  appliances  arc  called  on  to  reliably  care 
for  a  yearly  service  of  more  than  a  hundred  million  kilo- 
watt-hours of  which  the  money  value  for  that  time  is 
represented  by  $1,190,000.  The  necessity  for  their  ac- 
curacy and  reliability  is  best  measured  by  the  statement 
that  an  error  of  1  per  cent,  means  $11,900. 

In  many  cases  the  conditions  which  governed  the  in- 
stallation of  the  air  system  were  applicable  to  the  electric 
system,  inasmuch  as  all  the  Eckstein  mines,  besides  the 
transmitted  electrical  energy,  used  compressed  air  at  the 
same  time,  and  thus  the  pipe  lines  and  the  electric  con- 
ductors could  often  be  laid  in  the  same  trenches.  The 
systems  are  in  most  part  buried,  overground  laying,  on 
concrete  columns  or  posts,  being  done  only  on  crossing 
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valleys  and  marshes,  and  at  sucli  places  are  covered  with 
•corrugated  iron  to  protect  the  piping  against  undue  heat- 
ing by  the  sun.  The  length  of  the  single  line  is  eight 
miles  of  9-in.  to  24-iu.  pipe.  For  packing  for  the  stuffing- 
boxes  contour  rings  of  extra-good  rubber  are  used;  these 
•corresponding  in  section  to  the  inside  form  of  the  boxes 
in  which  they  are  used.  A  maximum  leakage  loss  of  3 
per  cent,  had  to  be  guaranteed,  and  the  actual  loss  from 
that  cause  has  been  found  to  be  somewhat  less  th.an  0.5 
per  cent. 

The  air  service  to  the  different  consumers  is  measured 
in  kilowatt -hours,  figured  on  an  isothermic  basis,  to 
which  end  a  special  meter  is  installed  at  each  mine  which 
.automatically  records  the  work  delivered.    As  air-measur- 


ing appliances  of  the  ga.s-meter  type,  in  which  the  indi- 
cating mechanism  is  influenced  by  pressure  and  tempera- 
ture, would  have  been  of  unusual  dimensions  and  com- 
plex, it  was  decided  to  resort  to  measurement  by  means 
of  nozzles  of  the  Venturi  design  to  which  were  added 
recording  devices  taking  into  account  the  variation  of 
pressure  and  temperature.  Each  manometric  and  ther- 
mometric  spring,  governed  in  its  movements,  respectively, 
by  pressure  and  temperature,  actuates  a  logarithmic  cam; 
the  movements  of  both  are  added  by  means  of  gearing; 
the  sum  is  transferred  to  an  anti-logarithmic  cam,  and 
the  indicating  mechanism  thus  gives  the  product  of  both 
movements.  These  meters  have  proved  to  be  very  satis- 
factory under  all  operating  conditions. 


A  New  DeLaval  Velocity-Stage  Turbine 


SYNOPSIS — The  turiine  comists  of  iico  regular  Dc- 
liaval  u'heels  with  a  row  of  reversing  blades  between. 
The  reducing  gear  is  still  retained. 

For  twenty  years  the  DeLaval  Steam  Turbine  Co.  has 
luilt,  and  still  continues  to  build,  its  original  high-speed 
.single-stage  gear-reduction  turbine,  since  this  arrange- 
ment offers  certain  advantages  in  promoting  efficiencj^ 
by  allowing  the  buckets  to  travel  at  approximately  the 
proper  velocity   relatively  to  the   velocity   of   the   steam 


Fig.  1.    Complete  Rotating  Member  and  Bearings 
OF  DeLaval  Class. C  Turbine 

jet.  while  permitting  of  driving  generators,  pumps  and 
l)lowers,  and  of  rope  or  belt  drive  without  sacrificing  the 
efficiency  or  reliability  of  the  driven  machine  by  over- 
speeding.  The  single-stage  turbine,  however,  has  definite 
limitations  as  to  capacity,  that  is,  with  a  given-size  wheel 
and  speed  of  rotation,  centrifugal  force  sets  a  definite 
limit  to  the  allowable  length  of  the  buckets.  To  evade 
this  limit,  that  is  to  build  turbines  of  larger  size,  the 
engineers  of  the  DeLaval  Co.  some  time  ago  introduced 
pressure  stages,  as  in  the  new  DeLaval  pressure  staged 
multicellular  turbine  described  in  the  June  4.  1912,  issue 
■of  Power,  although  still  retaining  the  reduction  gear 
as  the  best  means  of  effecting  the  compromise  between 
the  best  turbine  speed  and  the  best  speed  of  the  driven 
machine.  Only  enough  stages  are  introduced  to  reduce 
the  speed  of  the  turbine  sufficiently  to  allow  of  lengthen- 


ing the  blades  to  secure  the  desired  capacity,  the  re- 
mainder of  the  speed  reduction  being  left  to  the  gear. 
Inasmuch  as  there  are  many  services,  such  as  in  driving 
small  pumps  and  blowers,  exciters,  etc.,  where  the  addi- 
tional cost  and  complication  of  gears  and  pressure  stages 
are  objectionable,  and  where  high  steam  economj-  is 
not  so  important,  since  the  turbine  may  exhaust  into 
open  feed-water  heaters  or  into  heating  systems,  the 
DeLaval  Co.  has  perfected  a  line  of  velocity-stage  tur- 
bines. 

Two   DeLaval   wheels   made   in    the   regular   DeLaval 
way  by  inserting  the  buckets   a.^  shown   in   Fig.   2,  are 


Fig 


Fig.  2  Fig.  3  Fig.  4 

Fig.  2.    Method  of  Mounting  Buckets 

Fig.  3.  Stationary  Guide  Vanes 
4.    Controlling  Valve,  Xozzle,  Buckets  and 
Guide  Vanes 
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run  beside  each  other  as  shown  in  Fig.  1  upon  the  same 
shaft,  the  one  further  from  the  nozzle  having  longer 
blades  to  allow  for  the  passage  of  the  same  volume  at  a 
diminished  velocity.  A  row  of  similar  blades  set  into 
a  steel  ring,  as  shown  in  Fig.  3,  is  placed  between  these 
two  wheels  so  that  the  steam  follows  the  course  indicated 
in  Fig.  4  as  in  the  regular  Curtis  turbine.  The  high- 
pressure  steam  is  admitted  to  the  box  on  the  side  of 
the  casing  only,  and  only  the  lower-pressure  steam  after 
it  has  expanded  through  the  nozzle  has  access  to  the 
interior  of  the  casing.  Each  nozzle  is  controlled  by  a 
handwheel  accessible  from  the  outside  as  shown  in 
Fig.  5,  so  that  more  or  less  nozzles  may  be  put  into 
action  according  to  the  service  to  which  the  turbine  is 
to  be  put  and  the  nozzles  which  are  in  play  will  be  mider 
the  action  of  the  throttling  governor,  the  moving  parts 
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of  which  are  conii)letely  incased  in  the  stationary  casing. 
The  usual  emergency  governor  is  of  course  included. 

The  buckets  both  of  the  rotor  and  stator  are  indi- 
vidually removable  so  that  they  can  be  quickly  replaced 
and  the  ring  carrying  the  statiouary  bucket  constitutes 


Fig. 


Longitudinal  Section  through  "XC" 

TuiUilNE 


an  effective  stop  against  the  flying  of  pieces  should  break- 
age occur.  The  housing  is  divided  horizontally  and 
the  top  has  no  piping  or  other  attachment,  but  is  sim- 
ply a  cover  which  may  be  easily  removed,  exposing  the 
■working  parts.  The  shaft  is  carried  in  two  ring-oiled 
bearings  (see  Figs.  6  and  7),  one  of  which  is  a  thrust 
bearing  by   which   the   axial   position   of   the   shaft   and 


tis  type,  each  row  of  moving  lilades  is  carried  upon  its 
own  disk,  which  is  thus  subjected  to  the  centrifugal  force 
due  to  the  mass  of  a  single  row.  The  turbine,  in  fact, 
consists  of  two  regular  DeLaval  wheels  with  a  row  of 
reversing  blades  between  them.  Each  part  that  can  be 
worn  or  eroded  is  machined  to  limit  gages  and  inter- 
changeable so  that  it  may  be  quickly  and  cheaply  re- 
placed. The  only  way  in  which  high  pressure  could 
accumulate  within  the  casing  would  be  through  the  stop- 
page of  the  exhaust  outlet.  To  guard  against  any  acci- 
dent from  this  cause,  a  relief  valve  is  fitted  to  the  upper 
part  of  the  casing  cover,  as  shown  in  Fig.  5.  If  the 
turbine  is  to  be  operated  with  superheated  or  high- 
pressure  steam  having  a  temperature  of  450  deg.,  F.,  or 
over,  the  parts  of  the  governor  valve  and  safety-sto|) 
valve  coming  in  contact  with  the  high-pressure  steam  arc 
made  of  steel. 

Long  experience  with  high-velocity  steam  jets  has  con- 
vinced the  builders  of  the  DeLaval  turbine  that  the 
most  satisfactory  form  of  bucket  to  resist  erosion  is  a 
drop-forging  of  metal  having  a  high  resistance  to  corro- 
sion or  erosion  upon  which  the  original  scale,  formed 
in  the  drop-forging  process,  has  been  allowed.-to  remain. 
The  buckets  of  the  present  turbine  are  made  of  nickel 
bronze  by  this  process  and  are  inserted  in  the  rim  of 
tlie  wheel  by  bulb  shanks  fitted  into  slots  milled  and 
bored  in  the  rim  transversely  to  the  plane  of  the  wheel, 
as  shown  in  Fig.  2,  a  mode  of  attachment  which  has 
been  thoroughly  tried  out  in  the  DeLaval  turbine  for 
years.  The  guide  blades  are  similarly  formed  and  secured. 

With  ordinary  noncondensing  operation  the  packing 
of  the  stuffing-boxes  is  a  simple  matter,  as  there  is  prac- 
tically an  equal  pressure  inside  and  outside  of  the  casing. 


The  TunniNE  with  Bearing  Caps  ani>  r'ovEi; 
Lifted 

the  relations  of  the  moving  and  stationary  buckets  are 
fixed.  The  bearing  brackets  are  supported  directly  on 
the  turbine  casing  and  are  separate  from  the  stuffing- 
"boxes. 

Instead  of  carrying  the  two  crowns  of  moving  blades 
i  upon  a  single  disk,  as  is  usual  with  builders  of  the  Cur- 


FiG.  7.   Turbine  Case  after  Eotating  Parts 
AND   Bi'UKiNGs   Have   Been   Removed 

A^Hiere  condensing  operation  is  contemplated  the  provi- 
sion of  efficient  packings  about  the  shaft  becomes  an 
important  factor  and  in  the  present  turbine  a  soft  pack- 
ing has  been  adopted  with  provision  for  steam  or  water 
sealing.  The  turbine  in  this  form  is  available  in  capaci- 
ties of  from  1  to  750  lip. 
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Elliott  Twin  Heater 

Eiiginrei's  have  fruqiieully  eucoiuitered  operating  con- 
ditions such  that  a  twin  heater  would  have  been  a  valu- 
able adjunct  to  the  plant  equipment  had  it  been  installed, 
which  would  have  enabled  one-lialf  to  have  been  cut  out 
for  cleaning,  etc.,  while  the  other  half  was  carrying  the 
load.     The    Elliott    Co.,    6908    Susquehanna    St.,    Pitt.- 


(lutk'ts  communicating  with  the  main  pump  section  are 
cdiilrolled  by  check  valves.  The  heater  is  vented  through 
the  outlet  on  top  which  communicates  with  both  sides 
through   openings   controlled   by   valves. 

The  advantage  of  this  heater  is  that  it  is  adapted  to 
central  stations,  office  buildings  and  power  plants,  where 
the  operation  is  continuous  and  where  there  are  light- 
load  periods,  during  the  day  or  night,  when  one  side  can 


Fiu.   1.    EuoNT    Klevatiox   of   Twix   IIeateu 

burgii,  I'onn.,  has  recognized  the  advisability  of  such  a 
heater,  and  is  now  manufacturing  what  is  known  as  a 
twin  heater,  consisting  of  two  heaters  in  one,  comprising 
a  heating  chamber  divided  into  two  parts  by  a  partition. 

It  is  so  designed  that  either  side  can  be  operated  inde- 
pendently, or  both  sides  can  be  operated  conjunctively. 
Each  compartment  has  its  own  steam  inlet,  oil  separator, 
cutout  valve,  pans,  water  inlet  and  outlet,  overflow,  etc. 
As  each  inlet  and  outlet  is  provided  with  a  valve  which 
is  a  part  of  the  heater,  it  is  only  necessary  to  place  it  on 
the  foundation  and  connect  up  the  exhaust,  feed-pump 
suction  and  blowoff  lines.  Fig.  1 ;  a  front  elevation 
of  a  twin  heater,  shows  the  clean-out  doors  and  the  var- 
ious connections.  Fig.  3  is  a  rear  view  and  half  section 
of  the  heater. 

As  the  complete  valve  equipment  and  connections  form 
a  part  of  the  heater,  it  makes  a  compact  i^iece  of  appara- 
tus, and  reduces  the  cost  of  piping. 

In  operation  the  steam  enters  the  main  inlet  nozzle 
■which  communicates  with  the  two  inlet  nozzles  on  the 
two  sides  of  the  dividing  wall,  where  it  comes  in  con- 
tact with  the  combined  valve  and  separators  and  precipi- 
tates the  entrainments  into  the  overflow  box  below.  If 
the  heater  is  carrying  back  pressure  a  trap  is  attached 
to  the  two  overflow  boxes  and  serves  as  a  means  for  seal- 
ing the  openings;  at  the  same  time  it  automatically  dis- 
charges the  condensation  water.  The  trap  also  relieves 
the  heater  of  surplus  water,  should  the  height  of  the 
normal  water  level  be  exceeded. 

The  operation  of  the  float-controlled  inlet  valve,  pans, 
etc.,  is  identically  the  same  as  that  described  for  the 
cylindrical  heaters  on  page  2!)0  of  the  Aug.  26  issue. 
The  hot-water  outlet  is  hnodcil  pud  vented  to  the  steam 
pipe  extending  above  the  top  of  the  water  level ;  the  two 


Fig. 


Half   Section   of  Twin   Heater 


be  cut  out  and  cleaned,  at  the  same  time  maintaining 
the  maximum  temperature  of  the  water  going  to  the 
boilers.  All  controlling  valves  are  accessible,  as  they  are 
part  of  the  heater  and  are  especially  designed  for  the 
purpose  intended.  The  heater  is  made  of  cast  iron  and 
is  capable  of  withstanding  15-lb.  working  pressure. 

The  pump-suction  connection  extends  downward  and 
is  provided  with  a  flange.     PDach  side  of  the  heater  ha-- 


Fig.   3.    Sl'ctiox    Check   Yalvi:s 

an  independent  outlet  communicating  with  a  common 
chamber  adjacent  to  the  main  outlet  to  the  pump  suction. 
The  outlets  to  both  sides  of  the  heater  are  protected  by 
check  valves  opening  in  an  outward  direction,  as  shown 
in  Fig.  3.  The  main  outlet  is  also  provided  with  a  sliding 
gate  valve.  Fig.  4,  for  completely  isolating  either  side. 
This  valve  is  so  arranged  as  to  shut  off  either  side, 
making  it  absolutely  independent  of  the  other,  but  is 
rarely  used  except  in  emergencies  as  in  the  event  of  the 
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cheek  valve  sticking  or  leaking.  The  illustration  is  a 
top  view  of  the  hot-water  outlet,  showing  the  valve  and 
vented  hoods. 

Fig.  5  shows  a  vertical  section  of  a  twin  heater  and  a 
general  arrangement  of  cutout  valves,  trap,  overflow  box, 
pans  and  pump  suction,  also  the  water  supply.  The 
entrainment  coming  from   the  separator,   also  from  the 


Fig.  4.    Sliding  Gate  Valve 


side  of  the  heater  with  this  arrangement,  it  is  only  neces- 
sary to  close  the  cutout  valve. 

If  the  heater  is  used  on  a  heating  system  the  returns 
are  admitted  through  a  single  inlet  nozzle  mounted  on 
the  front  wall.  This  nozzle  has  two  valve-controlled 
branches  communicating  one  to  each  side  of  tke  heater. 
The  return  inlets  are  water  sealed  and  placed  in  the 
steam  chamber,  and  the  water  dropping  to  the  water 
level  has  its  temperature  raised  should  the  incoming 
temperature  be  less  than  that  of  the  steam  in  the  heater. 

Otis  Elevator  Controller-Parts  Cabinet 

In  order  to  facilitate  and  quicken  repair  service  in 
the  event  of  unexpected  breakdowns  or  worn  parts  on 
elevator  controllers,  a  controller-parts  cabinet  for  the 
convenience  of  engineers  is  made  by  the  Otis  Elevator 
Co.,  Eleventh  Ave.  and  Twenty-sixth  St.,  New  York  City. 

It  is  made  of  steel,  and  contains  all  essential  parts  of 
the  type  of  controller  furnished  with  the  elevator  ma- 
chine installed.  By  referring  to  the  descriptive  catalog 
in  the  box  the  engineer  can  determine  at  a  glance  just 
the  part  needed  to  replace  the  broken  or  worn  mechanism. 
If  any  of  the  parts  are  removed  from  the  cabinet,  dupli- 
cate parts  can  be  ordered  immediately  to  replace  them 
so  that  the  cabinet  will  always  be  complete. 

The  advantages  of  having  one  of  these  cabinets  in  the 
engine  room  are  that  repairs  can  be  made  on  the  spot, 
elevator  service  will  not  be  impaired,  and  there  is  always 
at  hand  a  remedy  for  any  controller  trouble. 


Fig.  5.   Section  Showing  Cutout  Valve,  Tkap,  Ovkk- 
FLOW   Box,  Pans,  Etc. 

overflow  from  the  heater,  is  controlled  by  a  float-actualed 
trap  connected  to  the  outlets  and  the  two  overflow  boxes 
located  below  the  steam  inlet. 

The  connection  between  the  overflow  outlets  and  the 
trap  is  provided  with  a  check  valve  opening  toward  the 
tra]i.  The  trap  is  vented  to  the  main  inlet  nozzle.  When 
one  part  of  the  heater  is  out  of  service,  the  water  in  the 
tra]i  cliamber  alone,  or  aided  by  the  back  pressure  on  the 
opposite  side,  will  cause  the  check  valve  on  the  idle 
side  to  remain  tight.     When  it  is  desired  to  cut  out  one 


Automatic-Release  Pen  Lifter 

This  attachment  can  be  attached  to  any  Foxboro  im- 
proved recorder.  It  is  a  simple  device,  consisting  of  a 
German-silver  strip  mounted  on  a  special  holder,  inserted 
under  a  screw-head  which  holds  the  chart  disk.  A  slight 
pressure  on  a  small  lever  brings  the  strip  up  against  the 
pen  arm  and  lifts  the  pen  from  the  chart.  Friction 
holds  it  in  the  raised  position,  thus  giving  the  operator 
free  use  of  both  hands  for  removing  the  used  chart  and 
supplying  a  new  one.  When  the  door  is  closed,  the  pen 
arm  is  automatically  released  and  the  pen  returns  to  its 
marking  position  on  the  chart.  This  automatic  feature 
makes  it  impossible  for  the  operator  to  forget  and  leave 
the  instrument  out  of  commission. 

The  device,  which  is  manufactured  by  the  Industrial 
Instrument  Co.,  Foxboro,  Mass.,  eliminates  the  necessity 
of  handling  the  pen  arm,  with  the  possibility  of  affect- 
ing the  adjustment,  due  to  a  slip  or  accidental  strain. 
It  also  prevents  accidents  commonly  resulting  in  spread- 
iiie:  ink  where  it  does  not  Ijclong  and  is  not  desired. 


Largest  Fuel  ConKumcr — The  Pittsburgh  district  of  Penn- 
sylvania is  the  largest  consumer  of  fuel  in  the  world,  and  in 
magnitude  of  coal  traffic  it  is  also  preeminent.  In  population 
Pittsburgh  ranks  fifth  among  the  cities  of  the  United  States, 
having  as  "Greater  Pittsburgh"  only  about  one-sixth  that  of 
Greater  New  York,  but  in  the  consumption  of  coal  alone 
Pittsburgh  nearly  equals  that  of  the  largest  city  in  the 
country.  It  is  estimated  (no  accurate  data  being  available) 
that  Greater  New  York  consumes  between  IS. 000, 000  and  20,- 
000,000  short  tons  of  coal  annually.  The  Pittsburgh  district 
in  1912,  according  to  Edward  W.  Parker,  of  the  U.  S.  Geologi- 
cal Survey,  consumed  17,721,783  tons  of  coal  and  about  5,- 
000,000  tons  of  coke,  or  a  total  of  about  22.700,000  short  tons, 
over  10%  more  than  all  the  boroughs  of  Greater  New  York. 
Pittsburgh  also  consumes  millions  of  cubic  feet  of  natural  gas. 
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ELECTRICAL     DEPARTMENT 


Aluminum -Cell  Lightning  Arrester 

By  John  A.  Raxdolph 

The  i'lmctioii  of  any  lightning-arrester  is  to 'accom- 
)lish  for  the  electric  circuit  what  the  safety  and  hydrau- 
ic  relief  valves  do  for  mechanical  apparatus,  uamely, 
he  prevention  of  a  rise  in  pressure  above  a  safe  limit, 
^u  so  doing,  it  protects  the  apparatus  near  it  from  the 
lisastrous  effects  of  abnormal  currents  and  strains  due 
0  the  excessive  voltages  caused  principally  by  lightning". 

There  are  various  types  of  arresters,  the  choice  de- 
)ending  upon  the  nature  and  value  of  the  apparatus  to 
le  protected,  the  service  performed  by  the  circuit,  the 
working  voltage,  the  kind  of  current,  and,  to  a  certain 
xtent,  upon  the  locality.  A  type  which  is  used  exten- 
ively  on  high-voltage  systems  consists  of  the  electrolytic 
ir  aluminum  cell  arrester.  It  consists  essentially  of  a 
eries  of  aluminum  trays,  or  cone-shaped  receptacles,  au 
lectrolyte,  a  quantity  of  oil  and  a  containing  tank. 

The  receptacle  or  plate  elements  are  designed  to  hold 
he  electrolyte  and  to  fit  into  one  another  concentrically 
rith  a  predetermined  clearance.  The  top  receptacle  is 
onnected  to  the  line  through  a  horn  gap,  and  the  bot- 
om  one  connects  to  the  ground.  Various  solutions 
nay  be  used  as  the  principal  ingredient  of  the  electrolyte, 
ome  of  which  are  dilute  sulphuric  acid,  bichromate 
if  potash  and  ammonium  phosphate. 

The  action  of  the  arrester  depends  upon  the  fact  that 
i'hen  an  electric  current  is  passed  through  the  series  of 
lectrolytic  cells,  composed  of  aluminum  plates  and  a 
uitable  electrolyte,  a  thin  film  of  aluminum  hydroxide 
5  formed  upon  those  parts  of  the  plates  exposed  to  the 
lectrolyte.  A  characteristic  of  this  substance  consists 
u  its  acting  as  an  insulator  or  dielectric  up  to  a  certain 
alue  of  the  voltage  known  as  the  critical  value.  At 
lotentials  above  this  point,  it  breaks  down  and  allows 
he  current  to  flow  freely  to  ground  as  long  as  the  pres- 
ure  remains  above  the  critical  value.  When  the  voltage 
Irops  to  this  point,  the  film  regains  its  insulating  prop- 
rty  and  resists  the  flow  of  current  as  before. 

As  commercially  constructed,  the  receptacles  and  elec- 
rolyte  are  placed  in  a  steel  tank  which  is  filled  with  oil 
0  a  depth  sufficient  to  completely  cover  the  receptacles. 

One  form  of  arrester  is  shown  in  Fig.  1.  The  alunii- 
lum  plates  in  this  case  are  in  the  form  of  circular  trays 
nd  are  placed  in  a  vertical  stack  in  the  center  of  a 
ound  steel  tank.  For  convenience  in  handling,  the 
rays  are  grouped  m  sections,  each  section  being  suf- 
iciently  light  in  weight  for  a  man  to  handle.  The  trays 
f  each  section  are  held  together  by  treated  wooden  tie- 
ods  placed  outside  the  trays.  The  sections  are  held  in 
'lace  by  two  vertical  wooden  guides  which  fit  loosely  into 
wo  slots  in  the  top  and  bottom  clamps.  A  clearance  of 
bout  1/4  in.  is  maintained  between  the  trays  by  porce- 
ain  spacers.  The  trays  are  filled  with  electrolyte  to 
bout  the  depth  shown,  a  quantity  being  used  which  is 
ufficieut    to    permit    every    tray    to   make   good    contact 


through  the  electrolyte  with  its  neighbor.  The  contain- 
ing tank  is  made  of  steel  and  is  large  enough  to  afford 
sufficient  clearance  to  prevent  arcing  across  between  the 
trays  and  the  tank  on  discharge.  The  intervening  space 
is  filled  with  oil  which  completely  covers  the  trays  and 
electrolyte,  and  which  does  not  mix  with  the  electrolyte, 
owing  to  the  higher  specific  gravity  of  the  latter.  By 
keeping  out  the  air,  the  oil  prevents  evaporation  of  the 
electrolyte.  It  also  aids  in  the  dissipation  of  the  heat 
generated  by  a  contmuous  discharge,  owing  to  its  ten- 
roHorn6a£_ 


Fig.  1.  Partial  Section 
THROUGH  Cell 

deucy  to  circulate  from  points  of  high  to  points  of  low- 
temperature.  In  addition  to  the  functions  already  de- 
scribed, the  oil  serves  as  an  effective  insulation  between, 
the  trays  and  the  sides  of  the  tank.  The  conductor  conj 
nected  to  the  contact  plate  at  the  top  of  the  tray  stacj 
extends  through  a  porcelain  insulator  mounted  in  th| 
cover  of  the  tank  and  is  joined  outside  the  tank  to 
cable  or  wire  connecting  with  the  horn  gap. 

The  number  of  aluminum  receptacles  used  in  an  elee 
trolytic  arrester  depends  upon  the  normal  or  working 
voltage  of  the  circuit  protected.  On  alternating-curren| 
lines  one  receptacle  is  used  for  each  275  effective  volts 
With  direct  current,  one  receptacle  is  used  for  each  35(| 
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olts.  The  critical  o-'  discharge  voltage  is  300  volts  per 
eceptacle  for  alternating  currents  and  430  for  direct- 
urrent  circuits. 

Alujiinum  Receptacles 

These  should  be  of  a  contour  such   as  to  permit  the 
ree  circulation  of  oil  and  to  allow  all   buiililes  formed 


Fig. 


Detail  of  Ti!a\> 


u  the  electrolyte  to  pass  off  without  collecting  anywhere 
ibout  the  receptacle.  For  this  reason,  the  receptacles 
ire  so  designed  that  their  surfaces  are  as  smooth  as  pos- 
lible  and  free  from  ledges  and  pockets  which  would 
•ollect  bubbles  or  retard  the  proper  circulation  of  the  oil. 
The  form  of  receptacle  used  in  the  arrester  of  Fig.  1 
s  .shown  to  a  larger  scale  in  Fig.  2.  It  will  be  observed 
liat  the  receptacle  is  made  into  a  form  of  a  tray.  Holes 
)r  ducts  are  provided  in  the  central  j^ortion  for  the  oil 
iirculation. 

Horn  Gaps 

An  inherent  quality  of  the  aluminum-cell  arrester  is 
:hat  when  connected  to  the  line  a  current  will  flow 
hrough  it  of  a  magnitude  depending  upon  the  state 
jf  the  hydroxide  film,  the  receptacles  and  the  electrolyte. 
It  is  also  dependent  upon  the  resistance,  if  any,  which 
^s  used  in  series  with  the  arrester.  If  a  resistance  is  used, 
;he  current  can  be  made  very  small.  A  current,  however, 
;ven  though  small,  flowing  continuously  through  the 
irrester,  has  a  deteriorating  effect  upon  the  arrester  as 
I  whole.  An  electrolytic  action  takes  place  between  the 
iluminum  receptacle,?  and  the  electrolyte  which  results 
in  a  gradual  deterioration  of  the  receptacles  and  a  wast- 
ing away  of  the  electrolyte.  The  heat  formed  also  en- 
iiances  the  harmful  effects  of  the  continuous  charge.  On 
jccount  of  the  disadvantages  of  a  continuous  flow  of 
t-urrent  through  the  arrester,  it  is  the  general  practice 
fo  place  a  spark  gap  or  horn  gap,  as  it  is  more  commonly 
failed,  between  the  arrester  and  the  line,  thus  leaving 
he  arrester  open-circuited  at  all  times  when  not  charg- 
ing or  discharging.  There  are  also  two  other  results 
Ifccomplished  by  the  use  of  the  horn  gap :  Firstly,  it 
|cts  as  a  disconnecting  switch  whereby  the  arrester  may 
[6  easily  disconnected  from  the  line  for  cleaning,  inspec- 
jion  and  repairs ;  secondly,  it  can  be  used  as  a  switch 
I'pr  connecting  in  the  arrester  for  charging. 
j  A  form  of  horn  gap  commonly  used  on  high-voltage 
ines  is  shown  in  Fig.  3.  The  insulator  A  carrying  the 
|orn  C  is  mounted  upon  a  pin  D,  which  is  so  arranged 
nat  it  can  be  easily  turned  by  the  arm  H;  the  insulator 
]?  carrying  the  horn  E  is  stationary.  Fastened  to  the 
npporting  arm  of  the  horn  C  is  a  copper  strip.  Under 
,01-mal  conditions  the  two  horns  occupy  the  position 
uiown  by  the  heavy  lines  in  Fig.  4.     When  it  is  desired 


to  charge  the  arrester,  the  horn  C  is  turned  by  the  handle' 
//  to  the  position  shewn  by  the  dotted  lines,  thus  bring- 
ing the  copper  strip  F  into  contact  with  the  horn  E. 
This  action  shortcircuits  the  horn  gap  and  thereby  sub- 
jects the  arrester  directly  to  the  line  voltage,  causing  a 
charging  current  to  flow. 

Chahging  Resistances 

Oftentimes  arresters  are  used  under  conditions  such 
that  it  is  desirable  to  regulate  the  charging  current  to 
prevent  it  from  being  excessive  and  thereby  affecting  the 
equilibrium  of  the  system  and  injuring  the  aluminum 
receptacles  as  well.  This  is  accomplished  by  arranging 
a  resistance  at  the  horn  gap  in  such  a  manner  that  while 
charging,  it  is  connected  in  series  with  the  arrester  and 
the  main  line. 

Charging 

The  process  of  charging  consist.s  in  forming  the  film 
of  aluminum  hydroxide.  When  once  formed  it  will  not 
last  indefinitely,  but  is  gradually  dissolved  by  the  elec- 
trolyte and,  imless  regularly  replenished,  will  soon  com- 
pletely disajjpear,  leaving  the  arrester  temporarily  use- 
less. For  this  reason  it  is  necessary  frequently  to  re- 
build or  replenish  the  film.  This  consists  simply  in 
allowing  a  current  to  flow  through  the  cells  and  electro- 
lyte by  connecting  the  arrester  to  the  line  either  directly 
or  through  a  resistance.  The  electrolytic  action  thereby 
established   between   the   aluminum   receptacles   and   the. 


Figs.  3  and  4.    Showing  Elevation  and  Plan  of 

HoiiN    CtAP 

electrolyte  causes  a  new  film  to  replace  that  which 
has  been  dissolved.  The  length  of  time  required  for  a 
charge  is  ordinarily  very  short,  a  period  of  not  more 
than  30  sec.  being  sufficient  under  normal  conditions. 

The  intervals  between  charges  depend  upon  the  kind 
of  electrolyte  used,  and  upon  the  temperature.  With 
the  more  common  electrolytes,  a  daily  charge  is  neces- 
sary. Some  electrolytes  are  made,  however,  which  re- 
quire charging  but  once  a  week.  The  difference  in  the 
time  between  successive  charges  for  the  various  kinds 
of  electrolytes  is  due  princijially  to  the  difference  in  the 
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ii'sistaiices  of  the  solutions.  In  those  requiring  charging 
but  ouce  a  week,  the  resistance  is  sufficientlj'  high  to  pre- 
vent an  excessive  rush  of  current  at  charging  whicli 
vvoulil  otherwise  take  place  as  a  result  of  the  dissolution 
of  the  film.  With  the  electrolytes  requiring  more  fre- 
quent charges  the  resistance  is  much  lower,  making  it 
therefore  inadvisable  to  allow  more  than  a  day  to  elapse 
between  charges.  The  high  resistance  electrolytes,  how- 
ever, have  the  disadvantage  of  lowering  the  discharge 
rate  of  the  arrester  and  are  therefore  not  as  desirable 
nor  as  generally  used  as  those  of  low  resistance.  The 
temperature  of  the  electrolyte  is  also  an  important  fac- 
tor inasmuch  as  the  film  will  be  more  rapidly  dissolved 
at  high  temperatures  than  at  low.  For  this  reason  more 
frequent  charges  are  necessary  in  warm  weather  than  in 
cold.  The  electrolyte  freezes  at  a  temperature  of  about 
20  deg.  F.,  the  eilect  of  freezing  being  a  lowering  of  the 
conductivity  with  a  consequent  lessening  of  the  freedom 
of  discharge  and  a  loweriug  of  the  eflficiencv. 


the  gaps  are  bridged  until  the  film  has  reached  its 
normal  condition,  after  which  these  improvised  fuses  will 
no  longer  be  blown.  A  bluish  crackling  static  spark  at 
the  horn  gaps  will  indicate  a  normal  condition. 

The  number  of  separate  cell  stacks  to  be  chosen  for  a 
three-phase  alternating-current  circuit  depends  primarily 
upon  whether  or  not  the  neutral  is  grounded.  It  is  neces- 
sary to  consider  the  neutral  in  choosing  the  arresters 
because  of  the  results  likely  to  ensue  from  an  accidental 
grounding  of  one  of  the  lines.  If  the  neutral  is  grounded 
and  the  oil  switches  are  free  to  act  instantaneously, 
only  three  cell  stacks  are  necessary.  This  can  be  readily 
understood  by  reference  to  Fig.  5.  It  will  be  observed 
that  when  one  phase  B  is  grounded,  the  short-circuited 
current  will  take  the  direction  of  the  arrows,  thus  affect- 
ing only  the  grounded  phase  B.  On  an  ungrounded  cir- 
cuit, however,  the  short-circuited  current,  under  the  same 
conditions,  would  take  the  direction  shown  in  Fig.  6j 
flowing  through  the  arresters  to  the  phases  A  and  C. 

A 


Fig.  5 


Fig.  (5 


If,  when  an  arrester  is  first  installed,  a  period  of  more 
than  two  days  has  elapsed  since  charging,  or,  if  already 
in  service,  an  interval  of  twice  its  normal  charging  period 
or  longer  has  elapsed  since  its  last  charge,  it  is  best  not 
to  subject  it  to  the  full  line  voltage  at  first.  This  is 
because,  owing  to  the  abnormal  dissolution  of  the  film 
which  has  taken  place,  the  resistance  of  the  latter  will 
be  so  low  as  to  permit  an  excessive  rush  of  current, 
resulting  not  only  in  disturbing  the  equilibrium  of  the 
system,  but  in  overheating  and  injuring  the  cells  and 
their  connections.  To  prevent  this  contingency,  arcs 
should  be  started  across  the  horn  gaps  at  half  normal  line 
voltage.  After  momentarily  making  and  breaking  the 
arcs  ten  or  fifteen  times,  the  potential  should  be  raised 
to  three-fourths  normal,  and  the  same  operation  repeated. 
The  full  voltage  can  then  be  applied  by  a  few  momentary 
flashes  across  the  gaps,  after  which  the  arrester  is  ready 
for  service. 

Frequently  it  is  not  possible  to  obtain  variable  voltages 
for  the  foregoing  procedure.  In  such  a  case,  the  fuses 
between  the  arrester  and  line  should  be  replaced  by  a 
piece  of  Ko.  30  copper  wire  or  a  strand  of  lamp  cord, 
after  which  the  horn  gaps  should  be  short-circuited  as  in 
normal  charging.     The  fuses  will  be  blown  everv  time 


On  grounded  systems,  tbe  arresters  are  chosen  whicb 
are  designed  for  only  the  normal  working  voltage  of  ou( 
phase.  Under  the  condition  shown  in  Fig.  6,  however, 
the  arresters  on  lines  A  and  C  are  subjected  to  1.73 
times  the  normal  or  working  voltage  to  which  they  would 
be  subjected  on  a  circuit  with  grounded  neutral.  This 
is  due  to  the  fact  tliat  in  the  customary  Y-connected 
system  the  voltage  between  any  two  phases  is  1.73  times 
the  voltage  between  any  line  and  the  neutral.  It  is 
therefore  apparent  that  on  an  ungrounded  system  a 
heavier  arrester  resistance  must  be  inserted  between  the 
lines  and  ground  than  on  the  grounded  circuit  to  pro- 
tect the  arresters  against  the  excessive  evaporation  ol 
electrolyte  and  wearing  away  of  the  plates  that  would 
result  from  the  excessive  currents  due  to  grounded  lines. 
This  protection  is  accompli.^hed  by  connecting  the  three 
main-line  stacks  to  a  common  grounding  busbar,  as  showu 
in  Fig.  7.  the  latter  being  connected  to  a  fourth  arrester, 
which  in  turn  is  connected  to  the  ground  proper.  B} 
ibis  means  the  arresters  are  permitted  to  discharge  the 
heavy  currents  due  to  grounded  phases,  without  bein^ 
unduly  overloaded.  To  secure  the  same  result  without 
the  use  of  the  fourth  arrester,  it  would  be  necessary  t( 
increase  the  size  of  the  other  arresters. 
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Comparative    Cost    of    Gas   and  Steam 
Plants 

By  L.  B.  Lent 

A  very  favoralilc  op]^ortiinity  to  ascertain  the  relative 
Mists  of  producing  electric  power  with  producers  and  gas 
engines  and  with  boilers  and  steam  engines  has  been 
jitlorded  in  a  small  lighting  plant  not  far  from  New 
York  City.  For  several  years  the  station  equipment 
(•(insisted  of  two  anthracite  gas  producers,  two  vertical 
ih ice-cylinder  gas  engines  and  two  60-eycle  two-phase 
■.';'()(i-volt  alternating-current  generators,  one  generator 
I  icing  direct-connected  to  a  lOO-hp.  engine  and  the  other 
generator  belted  to  a  6()-hp.  engine.  Each  producer  was 
rated  at  7-5  hp.     Twenty-four-hour  service  was  furnished. 

The  load  on  the  gas  plant  was  small  during  the  day 
and  built  up  to  a  maxiinum  during  the  lighting  period 
in  the  evening,  and  in  I'-'ll  the  peak  became  equal  to  the 
plant  capacity. 

The  different  char:icteristics  of  the  two  generator^, 
which  were  of  different  make,  and  the  difficulty  of  closely 
regulating  the  two  gas  engines  made  it  almost  impossible 
to  operate  these  generators  in  parallel  with  any  degree  of 
assurance.  Therefore,  i1  was  the  practice  to  carry  a 
l)art  of  the  load  on  each  machine  by  dividing  the  dis- 
tribution circuits. 

The  rather  unsatisfactory  c.\|ieru'n(cs  incident  to  o))er- 
ating  at  ma.ximum  capacity  led  tu  a  decision  to  build  a 
new  station  on  another  site  instead  of  increasing  the 
{■apacity  of  the  old  station.  This  new  station  was  accord- 
ingly built  and  equipped  during  1!)11  with  steam  appa- 
ratus. The  equipment  consists  of  two  SOO-lip.  horizontal 
return-tubular  boilers,  delivering  their  gases  through  an 
[SO-tube  economizer  to  a  radial  brick  stack  12.5  ft.  high. 
Steam  is  delivered  to  two  14rx20-in.  200-hp.  simple  non- 
condensing  engines  at  150  lb.  pressure.  The  engines  are 
direct-connected  to  60-cycle,  two-phase,  2200-volt  alter- 
nating-current generators,  the  exciter  units  being  driven 
by  belts  from  a  pulley  on  the  main  shaft  of  each  engine. 
The  usual  auxiliary  equipment  of  a  feed-water  heater 
and  du[)iicate  boiler-feed  pump  is  augmented  in  this  sta- 
tion by  a  motor-driven  fan  for  furnishing  forced  draft  to 
the  ashpits  of  each   boiler. 

j  The  fuel  supplied  to  the  gas  plant  was  anthracite  pea 
jcoal,  costing  approximately  $3.90  per  ton.  and  that  at 
ipresent  supplied  to  the  steam  station  is  anthracite  No.  ". 
[buckwheat  costing  approximately  .$3.-50  per  ton  at  the 
^plant. 

!  The  pre.sent  load  and  that  which  was  carried  during 
[the  year  1912  by  the  steam  plant  is  substantially  of  the 
:same  character  as  that  carried  liv  the  gas  plant,  excent 
jthat  it  is  larger  duriiK,;-  the  entire  24-hour  period.  In 
jfact,  all  of  the  operatinc;-  conditions  in  the  steam  plant 
jare  so  similar  to  those  in  the  gas  plant  as  to  make  a 
'omparison  of  the  cost  of  power  n  very  fair  one.  Tn 
fairness   to  the  gas   plant,    it    should    be 'stated    that    the 


operation  was  not  as  economical  as  was  possible.  An 
examination  of  the  ash  from  the  producers  showed  that 
considerable  fuel  passed  through  uneonsumed  and  other 
conditior.s  of  o])eration  inadi'  the  fuel  consum])tion  higher 
than  it  should  ba\e  l)ee]i. 


{IS'|> 


The  first  cost  of  the  gas  |ilaiit  was  as  follows: 

BuiWiiiK 

G;i^  I'">v    .   |-M.,i|,ri,.-nt 

Elv..:  .:.    ■  ;.      

I  Iquipment 


Ml. 


iiuiient. 


S3.03:i,U3 

11,537.64 

2,490,08 

670  37 

81.38 


ibout 


Cost  of  plant  equipment  without  buildins 

The  rated  capacity  of  the  gas  plant  is  160  hp., 
100  kw.  The  cost  per  kilowatt  of  rated  capacity  is  there- 
fore $178.13,  including  tlie  building  and  $1  17.79  without 
the  building. 

The  detailed  cost  of  the  steani  plant  was: 

S22,001.1.'; 


Building 

Boilers,  accessories,  economizer,  stack  and  flues 
(stack  cost  $2,800) 

Main  engines 

Electric  generators . 

.^witchboard  and  aiixili;ir\  ■•!<iItic  equipment.. 

Miscellaneous  plant  c(|uipnn-iit         

General  equipment  (not  specified  in  the  comp- 
any's accounts) 

Engineering  and  superintendance 


13,6.'J3,35 
7,210.31 
3,969,90 
2,185,48 
199  71 


52,37S..'32 

The  eosi 


The  r.-Uxd  capadly  oT  this  iilant  is  2.5i) 
per  kilosvatt,  iiieluding  the  building  is  therefore  $209. .51, 
and  $121.50  per  kw.,  not  including  the  huilding.  A 
( (iin]iarisoii  of  iiist  idsls  may  be  made  luore  readily  if 
the  ligiii'es  are  ai'ranged  as  follows: 

Including  Not  including 

Building  Building 

Coat  of  gas  plant  per  kilowatt $178  13  $147.79 

Cost  of  steam  plant,  per  kilowatt 209  ,51  121 .  50 

The  superior  character  and  high  cost  of  the  building 
housing  the  steam  plant  constitutes  an  excessive  burden 
on  the  operating  charges,  even  though  the  rate  of  depre- 
ciation charged  is  only  2  per  cent.  A  building  cost  of 
nearly  50  per  cent,  of  the  total  ])lant  cost  seems  to  the 
author  to  be  unwarranted,  especially  as  the  co,st  of  build- 
ing materials  and  labor  were  not  above  tlie  average. 

The  cost  figures  for  the  years  1909,  1910  and  1911 
were  a(X-urately  kept  up  to  the  time  of  starting  the  steam 
station,  which  was  about  the  first  of  October,  1911.  The 
princi]ial  items  making  up  the  total  costs  are  as  follows: 

1909  1 


.Station  labor. ,    , 

Fuel 

Supplies  and  expen 
Repairs . . . 


$2,2.34   18 

1,097  67 

219-91 

587.40 


1911 
(Jan.   — Oct) 
892  8S  2,499 ,  94 

1,35R   15 
299 


1,611  7 
353,16 
940.30 


183.51 


A  distribution  ol'  the  i-eiiair  ai 


$5,798.09        $4,339  41 

sboiilil  be   instruc- 


tive and  is 


follow 


l^lectric  cfiiiipment, 

Wnfer.supolv 

Miscell; 


5  31  (16 

$12S.3.'? 

512,06 

.561  31 

22,86 

147,97 

20.68 

20  82 

82.01 

Total .«.5S7  40  8940  30  $1J'3  51 

Tt  is  possible  that  one  reason  for  changing  to  steam 
power  is  shown  in  the  cost  of  repairs  to  the  gas-]iowev 
equi)imcnt. 
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'IMic  iunoum  of  puwi-r  (IrxcUiiU'il  in  the  ^as-puwc'r  sta- 
liuu  wa.s  aswrtained  from  tlii'  daily  lug  in  which  thu 
power  was  entt'red  for  each  half  hour  of  the  day.  No 
recording  wattmeter  was  used  in  this  station.  During 
the  year  1910,  the  total  load  Icn-  the  year  amounted  to 
:nG,G60  kw.-hr.  The  daily  load  was  distrihuted  appruxi- 
malely  as  follows:  An  average  ol'  II  l<w.  for  a  period 
of  Itt  hr.,  an  average  of  15.2  kw.  for  in  lir.,  and  an 
average  of  55  kw.  for  -I  lir..  with  a  maxiiniini  of  alioul 
75  kw.  for  about  1  hr.  The  loading  fadoi-  was  \rr\ 
small,  slightly  over  -l)  jier  cent. 

The  cost  per  kilowatt-liour.  not  ijiduding  lixcd  charges, 
for  the  year  1910  was  $5:!).S.(l!i  -^  176,660  =  ;3.2.Sc. 
Of  the  items  constituting  the  opci-ating  e.vpense,  station 
labor  constitutes  50  per  cent.,  fuel  ■-'K  per  cent,  supplies, 
6  per  cent.,  and  repairs  about  1(1  per  cent,  of  the  total. 
The  repairs  to  the  gas  niachinn-y  duiing  this  perioii 
amount  to  nearly  4.9  pci-  (cnt.  of  the  lirsl  cost. 

The  fixed  charges  are  calculated  on  tlie  following 
assumed  percentages  of  the  first  cost:  Depreciation  on 
building,  2  jier  cent.,  on  all  machinery  in  the  building. 
5  ])cr  cent.:  interest  i>n  imcstmcnt.  5  per  cent.:  taxes 
ami  insurance,  :l  ]H'|-  cent.  On  these  ])ercentages  the 
yearly  amounts  arc: 

Depreciation,  builtliiij:.  $^0(t  lij^i 

Depreciation,  niacliiiicry  7;is.97 

Interest  on  investment  .SOO.tili 

Taxes  and  insnranoc . ,  -  -^^-t  ■  37 

Total -  $2.22.(.«:j 

ToT.u.  ()i'i;i!ATiNG  Cost  of  Gas  Plant 
The  total  operating  cost  of  the  gas  plant  for  the  year 
1910  is  the  sum  of  $5798.09  and  $2224.63,  or  $8,022.72. 
The  total  cost  ix'r  kilowatt-hour  is  therefore  nearly  4.54c. 
For  the  year  ending  Dec.  31,  1912,  the  cost  of  operat- 
ing the  steam  ])lant  was  as  follows: 

Station  superintendancc  and  labfir 

Fuel 

Supplies  and  cxpcnsi' 

Itepairs  of  IxiiUrinc 

Itepairs  of  -Ntcani  equipment.  ,  . 

Itepairs  of  clcctrii-  c«|uipment 

Itepairs.  niisccllaiu-ous 


.5;v 

,I1H 

lit 

t 

C.'li 

Mo 

.'i7(l 

S7 

114 

0'.' 

.-)4 

20 

r.i 

..S4 

21 

o. 

Total JS,34U.10 

These  itemized  expen.^es  are  very  nearly  the  follow- 
ing percentages  of  the  total  expense:  Superintendence 
and  labor,  42  per  cent. ;  fuel,  48  per  cent. ;  supplies  and 
expenses,  6.7  per  c^iit. ;  repairs  to  building,  1.3  per  cent,; 
repairs  to  steam  equipment,  0.63  per  cent. :  repairs  to 
electric  equii)mi'nt,  (i.'il  ]»cr  cent.,  anil  miscellaneous  re- 
]iairs,  0.36  per  cent. 

The  amount  of  ])iiwcr  developed  in  the  steam  plant 
during  the  year  1912,  ^s  measured  by  the  reeording  watt- 
meter, was  263,150  kw.-hr.  The  load  factor  for  the  entire 
year  Avas  higher  than  that  of  the  gas  plant,  being  nearly 
29  per  cent.  The  maximum  load  came  in  Xoveniber  anil 
December  and  -was  about  115  kw. 

The  operating  co.-Jt  jier  kilowatt  of  ])ower  developed  was 
iherefore  8546.10  -^  263,150  =  3.25c.  per  kw.-hr. 

The  fixed  charges  against  the  steam  plant  are  calcu- 
lated on  the  same  percentages  as  those  on  the  gas  plant, 
except  fur  a  known  charge  for  boiler  insurance  which 
docs  nor  affect  the  proiiriety  id'  the  i)ercentages  for  ta'xes 
and  insurance.  The  amount-  of  the  fixed  charges  for  the 
steam  station  therefore  become  as  follows: 


Depreciation,  building . . 
Depreciation,  machinery 
Interest  on  investment. 
Taxcf  and  in.surancc.  .  . 


$  440.02 
1,518.8.') 
2,618. 01 
1,.571   .-i.^) 


Total  OiM:i!A!i.\(i  Cost  of  S'I'ica.m    I'laxt 

The  total  operating  cost  for  the  steam  plant  for  the 
year  1912  is  therefore  the  sum  of  $8546.10  and  $6149.1:;, 
or  $14,695.23.  This  sum  divided  by  the  load  in  kilowatt- 
hours  (263,150)  gives  a  total  cost  per  kilowatt-hour  gen- 
erated of  very  nearly  5.Cc.  Of  the  total  cost  of  ojieration, 
the  fixed  charges  amount  to  nearly  42  per  cent. 

In  the  gas  i)laiit,  the  fi.Ned  charges  amount  to  only 
27.7  per  cent,  of  the  total  cost  of  generation. 

It  may  be  noted  tliat  no  mention  has  been  made  of 
the  value  of  the  land  in  either  case.  The  coini)any  owi;- 
ing  the  ligiitiiig  system  owns  a  considerable  amount  of 
hind  in  the  vicinity  of  the  plant,  and  the  value  of  thai 
on  which  both  the  grs  and  steam  plants  are  situated  is 
M)  lelativcly  small  and  .-o  neai'ly  etpial  in  both  ca.-ies  that 
no  ap])reciablc  error  is  made  in  disregarding  it  in  the 
calculations. 

t'om])arative  data  for  the  two  plants  \\\\\  be  best  shown 
if  arranged  in  the  rorni  of  a  table  and  this  is  done  as 
follows; 

CiAS  .STEAM 

Cost  per  kilowatt-liour  of  rated  eapacit.v.  total 178 .  13  209  .il 

Cost  per  kilowatt-liour  of  rated  capacity,   without 

building 147.79  121. Ill 

Hated  capacity  of  station,  kilowatts 100  2.")0 

Load  factor  for  year  considered 20  jjcrcent  29  ixrrent. 

Size  of  anthracite  fuel Pea        No.l  Buckwlie-t 

Price  per  ton  «t  the  plant 3 .  90  3  .'.n 

Total  cost  of  generation,  cent.s  per  kilowatt-hour.  .  .          4.54  .",  li 

■  Cost  of  generation,  without  fixed  charges 3  28  ;i  _'.', 

Percentage  of  generating  to  total  cost .                            72.3  percent.  58    pereeni. 

It  is  ;he  opinion  o''  the  author  that  some  of  the  figures 
shown  depart  from  what  may  be  considered  average  prac- 
tice, and  these  abnormal  conditions  have  considerable 
influence  on  the  cost  of  generation.  The  large  amount 
of  unbunit  fuel  and.  the  e\cessi\e  repair  charges  in  the 
gas  plant  unduubtedly  make  the  generation  cost  of  3.28e. 
higher  than  the  average. 

The  liigh  fixed  charges  against  the  expensive  building 
of  the  steam   plant   makes  the   operating  cost  excessive. 

The  fairer  basis  of  comparison  is  perhaps  the  cost  ol" 
generation  without  the  inelusion  of  fixed  charges.  The 
figures  of  3.25c.  for  for  the  steam  station  might  be  con- 
sidered very  fair  for  the  conditions  of  operation,  wliiie 
the  figure  of  .3. 28c.  for  the  gas  station  is,  in  the  vvritei-'s 
opinion,  higjier  than  could  have  been  obtained  by  better 
operation  which  was  easily  possible. 

Lijjnite  as  a   Fuel    for    Gas    Producers 

I'.Y   (i.   W.   MlKXCH 

As  a  fuel  lignite  is  inferior  to  the  higher  grades 
of  coal,  l>eing  less  ilisliiiitly  leinovcd  from  woody  fiber, 
and  containing  more  hyilrogcii  and  usually  considerable 
water,  iluch  of  the  latter,  however,  dries  out  on  expo- 
sure to  the  air.  In  some  cases  as  much  as  40  or  50 
per  cent,  of  water  is  found  in  the  fh-eshly  mined  lignite, 
of  which  at  times  20  jier  cent,  remains  when  air  dried. 
This  greatly  affects  its  value  as  a  fuel. 

The  amount  of  ash  varies  greatly,  in  some  cases  being 
as  low  as  ().!•  per  cent,  and  in  others  as  high  as  58  ]ier 
cent.  In  burning  lignite  under  lioilers  there  is  consid- 
(Table  loss  in  the  vva.«te  gases  on  account  of  the  quan- 
tity of  air  introduced  and  the  moisture  carried  ofi:. 

Although  unsatisfactory  under  boilers,  it  can  l)e  han- 
dled very  successfully  in  a  gas  producer.  In  the  Pacific 
Xorthwest  tiroducers  are  oi)crating  on  lignite  having  a 
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heat  value  as  low  as  75()()  ]>.l.ii.  \>vr  \h.  ns  fired  ami  sel- 
dom higher  than  9500  B.t.ii. 

All  lignites  contain  a  higli  percentage  of  volatile  mat- 
ter, and,  therefore,  a  large  amount  of  tar,  which  has 
been  a  hard  proposition  to  overcome  successfully,  to 
prevent  the  clogging  of  pipes  and  valves  and  to  keep  it 
out  of  the  engine  cylinders.  However,  there  are  now 
many  gas  washers  which  clean  the  gas  thoroughly.  Many 
types  of  centrifugal  washers  have  been  invented,  and 
the  most  successful  of  these  wash  the  gas  so  thoroughly 
and  allow  so  little  tar  to  pass  tiirough  with  the  gas  that 
an  extremely  small  quantity  reaches  the  engine  cylinders. 
Til  be  fit  for  use  in  an  engine  the  gas  shovtld  not  con- 
tain more  than  0.0305  gr.  per  cu.ft.  This  degree  of 
])urity  is  obtained  without  much  trouble,  providing  the 
]iroducer  is  properly  handled.  Regardless  of  the  type 
of  jiower  i)lant,  one  must  always  count  on  reliable  engi- 
neers and  firemen. 

Some  lignites  cause  trouble  on  account  of  clinkers. 
However,  skillful  handling  of  the  fire  and  the  i)niper 
amount  of  steam  will  overcome  this  trouble  with  the 
average  lignite.  It  is  practically  impossible  to  tell  from 
the  jiroximate  analysis  whether  or  not  a  coal  clinkers. 
In  the  writer's  experience  the  best  way  to  test  a  coal 
tor  clinkering  properties  is  as  follows:  Take  a  piece 
of  8-  or  lo-in.  pipe  about  2  or  ;>  ft.  long;  place  this 
over  a  forge  blast,  fill  ii  with  the  coal  to  be  tested;  turn 
on  the  blast  slowly  and  allow  it  to  burn,  and  keep  con- 
ditions as  near  as  ix)ssible  to  the  working  conditions  of 
a  produce!-.  If  the  fuel  has  a  tendency  to  clinker  badly 
the  whole  mass  will  form  solid  in  the  pipe.  This  method 
is  rather  crude,  but  nevertheless  gives  a  fair  idea  of 
what  may  be  expected  when  used  in  a  producer. 

The  writer  has  not  only  analyzed  in  the  laboratory  a 
great  many  samples  of  lignite,  but  has  also  tried  out 
many  in  producers  in  actual  (i|X'ration  and  obtained 
analyses  of  the  lesulting  ga.ses.  The  following  analyses 
were  not  made  with  special  reference  to  the  quality  of 
the  lignites  for  various  purposes,  but  only  as  to  whether 
they  could  l>e  used  in  a  producer  satisfactorily.  In  all 
cases  the  plant  was  operateil  by  the  regular  crew  and 
under  normal  operating  conditions.  The  300-hp.  suction 
producer  of  the  up-draft  type  furnished  gas  for  a  250- 
hp.  Muenzel  gas  engine.  The  washing  apparatus  con- 
sisted of  a  tower  scrubber,  dry  scnibljer  and  centrifugal 
tar  extractor.  The  engine  load  consisted  of  a  refrigerat- 
ing machine  and  a  generator,  and  was  rather  variable. 
Table  1  gives  the  analyses  of  lignites  actually  used. 


Moiatun- 

Volatilr  matter  . , 

Fixed  carbon 35 . 8 

Sulphur 17 

Ash. 


8.2  20.8 

44.0  32.8 

30  0  32.1 

0  4 


17.9     16.8     12  9 


m  0      17.8  11    0        9.7     22.0  7.7 

31.3      29.7  37  5     24.9     24.8  33.5 

32.0  3«.«     36.2     27.8  20.5 

1.8  0  0        0.4        0.5  0.4 

18.7  13  7     18  8     24.9  17.9     ._  „ 

B.t.u.  per  lb 10,300  9943  10,925  10,.59S  8400  8269  10,488  10,177 

Remarks:  .Samples  Nos.  1,  2,  .'>  and  8  were  non-cokinK;  .No.  4  alightly  coking 
and  No».  3  and  7  clinksrinH. 

All  coal  analyses  for  licat  value  were  made  with  a 
Parr  calorimeter,  and  in  all  cases  four  or  five  .samples 
were  analyzed  completely  and  the  figures  shown  are  aver- 
age values.  The  heat  value  in  all  cases  is  that  of  the 
dry  coal.  All  the  samples  M'ere  taken  directly  from  the 
car  and  the  regular  quartering  method  was  used  for 
obtaining  a  good  average  sample.  All  samples  were  kept 
in  air-tight  jars  and  in  most  ca.ses  the  analysis  was  made 
the  same  day  the  sample  was  taken. 


T.\BLE  2 

2 

3 

4 

5 

0 

7 

0,0 

7  5 

S.9 

5  4 

4,1) 

7.0 

2.2 

1,9 

2.3 

2.0 

0.8 

3  0 

0.0 

0  3 

0.0 

0  0 

0.0 

0.1 

12.9 

11.0 

10.8 

14  0 

15.8 

8.8 

OS 

7.0 

0.2 

S  5 

12.7 

7  3 

8.7 

8  0 

12.5 

13  3 

8  0 

S.O 

03  4 

03 .  1 

59  3 

.55  0 

05  8 

Table  2  gives  the  analyses  of  the  gas  produced  by  these 
lignites.  The  samples  were  drawn  from  the  suction 
line  between  the  dry  serubber  and  the  engine  and  alt 
analyses  were  made  with  a  Hempel  apparatus.  A  num- 
ber of  analyses  of  each  sample  were  made  in  all  cases, 
and  a  number  of  samples  were  taken  at  various  times; 
the   figures  in   the  tai)le  are  average  values. 


1 

Carbon-dioxide 0  8 

Oxygen 2.0 

Hydro-carbons 0.0 

Carbon-monoxide 14.2 

Methane 0.3 

Hydrogen 12  2 

Nitrogen 57  9 

Heatvaluepercu. ft.  B.t.u.  171 


Samples  Nos.  1  and  2  contained  a  vei-y  slight  trace 
of  hydrogen-sulphiilc  (1I.,S).  Sample  No.  .'i  was  taken 
while  the  producer  was  clinkering  badly.  Gas  Xo.  ■> 
contained  0.00528  gr.  of  tar  and  dust  per  cu.ft.,  an<l 
gas  Xo.  6,  0.00385  gr.,  both  of  which  were  well  within 
the  safe  limit.  Other  tests  for  purity  were  taken  occa- 
sionally and  althou.ch  some  were  higher  than  these  fig- 
ures, none  were  higher  than  0.015  gr.  per  cu.ft.  Such  a 
degree  of  purity,  of  course,  calls  for  very  efficient  gas- 
washing  apparatus  and  plenty,  of  water.  These  sam- 
ples of  lignite  varied  in  volatile  matter  from  2-1.8  per 
cent,  to  53.5  i>er  cent.  This  large  amount  of  tar  does 
not  mean  that  it  is  an  absolute  loss  where  no  byproducc 
ajijiaratus  is  used.  Un-  c\en  the  raw,  tarry  matter,  if 
passed  through  a  skimming  tank,  can  be  sold  without 
any  expen.se  in  handling  and  without  any  added  trouble. 

Besides  the  lignites  given  in  Table  1,  samples  of  other 
low-grade  coals  were  obtained  I'lDm  \arious  mines.  An- 
alyses of  these  are  uiven   in  Table  :!. 


Moisture 5.3 

Volatile  matter 44.4 

Fixed  carbon 46.9 

.Sulphur 0.4 

.\sh    3.0 

B.t.u.  per  lb 13,013 

Ilemarks Coking 

14 


Moisture 

Volatile  matter. 
Fixed  carbon.  .  . 
Sulphur 


24.4 
35.1 
30.3 
2.0 

8.2 
10,.50O 


TABLE  3 

10 

1,8 

41   3 

44.2 

3  2 

9  5 

13,107 

Coking 

15 
1  2 
23  1 
60,0 
0  7 
9  0 
13,138 


44.7 
29  7 
0  8 


11.2 
45 . 7 
27  3 


Table  3  shows  eo^il  \arying  in  nidisture  from  1.2  to 
24.4  per  cent,  and  having  ash  as  high  as  40  jier  cent, 
with  a  heat  value  as  low  as  6100  B.t.u.  j>er  lb.  of  dry  coal. 

Of  course,  there  are  many  coals  in  the  same  .section 
of  country  that  arc  of  a  very  much  better  grade  than 
those  gi\en,  but  the  idea  is  to  show  that  enormous  quan- 
tities of  extremely  low-grade  coal  exi.st,  nearly  all  of 
which  are  good  for  gas-producer  use. 


PrnnHylvHtilR  C.ial  Proiliietlon  In  ini?— The  combined  pro- 
duction of  anthraeite  and  bituminous  noal  in  Penns.\lvania 
amounted  in  i;il2  to  246,227.086  .short  ton.s,  valued  at  $346.- 
393.123.  against  235,218,230  tons,  val-jed  at  .$321,537,250.  in 
1911,  according  to  K.  W.  Parker,  of  the  United  States  Geo- 
logical Survey,  who  compiled  the  figjies  in  coijpeiation  with 
the  State  Topographic  and  Geologic  Survey  Commission.  The 
increase  in  quantity  was  4.7  per  cent,  and  the  gain  in  value 
7.9  per  cent.  The  production  of  bituminous  coal  in  1912  ex- 
ceeded that  of  anthracite  by  77,503,890  short  tons,  or  93  per 
cent.,  but  the  value  of  the  latter  exceeded  that  of  the  former 
by    $8,252,129. 
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Time  Required    to    Start    Heating 
Apparatus* 

Til  fio-uriiig  tlie  time  that  is  required  to  warm  up  tir 
start  heating  apparatus  a  proper  allowance  must  first  be 
made  for  the  starting  of  the  tire,  or  bringing  it,  if 
banked,  to  its  normal  operating  eoiulition.  If  the  water 
in  the  boiler  is  cold,  allowance  should  also  be  made  for 
the  warming  of  the  water  and  iron  in  the  boiler  itself. 
As  boilers  are  generally  covered  with  a  heat-insulating 
covering,  the  loss  in  heat  from  the  outer  surface  of  the 
boiler  is  visually  small  and  does  not,  as  a  rule,  need  to 
be  considered  separately.  If,  however,  the  boiler  is  not 
covered  with  an  insulating  covering  the  loss  in  heat  may 
ordina-'ily  be  charged  directly  against  the  heat-producing 
capacity  of  the  boiler. 

The  question  of  the  heat-producing  capacity  of  the 
boiler  is  one  which  may  be  figured  or  which  may  often 
more  satisfactorily  be  obtained  from  the  lioiler  pci-forni- 


lore,  llic  average  heat-producing  capacity  of  the  boiler 
iu  B.t.u.  per  unit  of  time  can  be  determined,  the  total 
B.t.u.  required  to  heat  the  iron  and  water  in  the  boiler 
can  be  divided  by  the  B.t.u.  which  the  boiler  will  produce 
ill  a  unit  of  time  and  the  number  of  units  of  time, 
whether  they  are  minutes  or  hours,  be  determined. 

After  the  time  required  to  heat  the  boiler  has  been 
figured  the  time  required  to  heat  the  piping  and  radiation 
in  the  heating  apparatus  itself  may  be  determined.  This 
is  a  different  question  from  the  former  and  the  author, 
by  means  of  some  interesting  mathematics,  developed  a 
formula  for  steam-heating  apparatus.  To  illustrate  the 
use  of  the  equation  certain  examples  and  curves  were 
worked  out  and  a  similar  equation  for  hot-water  heating 
was  discussed. 

In  Fig.  1  each  curve  represents  a  condition  in  which 
there  are  certain  fixed  temperatures  iu  the  building  at 
the  start  and  also  when  the  apparatus  is  completely 
warmed  up.      For  examjile,   one   cur\e   is   marked   .")'i-70 
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Fig.  1.    TniK  Ekquikkd  to 
Heat  Steam  Radiatiox 


PerCerit.  Excess  Boiler  Capacity 

Fig.  'i.   Time  Required  to  Heat 
Covered  Steam  Piping 

For   pipe   surface   use    from    %    to    %    of   time 


Per  Cent.  Excess  Boiler  Capacity 

Fig.  '.i.    Time  Eequieed  to  Heat 
Hot-Water  Radiatiox 

)wn) 


ance  curves  of  the  manufacturer.  These  curves  show  the 
steam-producing  capacity  of  the  boiler  under  different 
conditions  of  operation,  and  they  arc  now  being  furnished 
by  enterprising  boiler  manufacturers. 

From  the  boiler-performance  curves  one  can  determine 
tlio  steam  or  B.t.u.  which  the  boiler  can  properly  produce 
ill  a  given  time,  say  one  hour  or  one  minute.  The  weight 
of  the  iron  and  water  in  the  boiler  can  also  be  obtained 
from  the  manufacturer  or  by  measurement. 

In  the  ease  of  a  cast-iron  boiler  the  weight  of  the  iron 
in  pounds  should  he  multiplied  hy  0.13,  the  specific  heat 
of  cast  iron.  The  product  will  he  the  weight  of  water 
to  which  the  iron  is  equivalent  in  heat-alisorhing  capacity. 
This  amount  should  be  added  to  the  weight  of  water  in 
the  boiler  and  this  sum  multiplied  hy  the  difference  in 
temperature.  Fahrenheit,  through  which  the  iron  and 
water  in  the  boiler  are  to  be  raised.  The  product  will, 
of  course,  represent  the  B.t.u.  which  must  he  given  to 
the  iron  and  water  before  steam  is  produced.     If,  there- 

*Xbstract  of  a  paper  read  by  Ralph  C.  Taggart  before  the 
American  Society  of  Heating  and  Ventilating  Engineers. 
July  17-19,   Biiffalo,  N.  Y. 


(leg.,  F.  This  means  that  the  building  is  at  a  tempera- 
ture of  50  deg.,  F.,  when  steam  starts  to  enter  the  appara- 
tus and  that  the  building  is  at  a  temperature  of  70  deg., 
F.,  when  the  apparatus  is  completely  warmed.  The  curves 
are  worked  out  for  a  steam  temperature  of  230  deg.,  F., 
and  on  the  basis  that  each  square  foot  of  radiation  calls 
for  7  lb.  of  cast-iron  and  gives  off  350  B.t.u. 

In  Fig.  2  curves  are  shown  which  are  similar  to  those 
iu  Fig.  1,  except  that  they  are  figured  for  covered  piping 
where  the  heat  loss  per  square  foot  of  piping  is  taken 
as  50  B.t.u.  If  the  piping  is  covered  the  time  of  tlie 
heating  of  the  covered  pipes  can  first  be  determined 
from  the  curves  in  Fig.  2,  and  it  can  usually  be  figured 
that  the  total  boiler  supply  is  fir.st  used  in  heating  the 
covered  pipes.  When  this  is  done  the  heat  given  off  by 
the  covered  pipes  can  be  subtracted  from  the  boiler  supply 
and  the  difference  can  be  used  as  the  steam  supply  to 
the  uncovered  radiation.  The  time  of  heating  the  radia- 
tion itself  can  then  be  determined  from  the  curves  iu 
Fig.  1  and  added  to  the  time  required  for  heating  the 
covered  piping. 
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1 1  hot-water  heating  apparatus  the  heating  of  the  iron 
and  also  the  water  in  the  boiler  shoiihl  be  allowed  for. 
The  loss  by  radiation  may  then  be  considered  propor- 
tional to  the  amount  of  heat  in  the  apparatus,  if  there  is 
at  the  start  some  little  difference  in  temperature  between 
the  room  and  the  water  in  the  apparatus.  If  this  is 
not  so,  the  work  may  be  divided  into  several  calculations, 
the  periods  being  so  chosen  that  during  each  of  them  the 
loss  of  heat  will  be  approximately  proportional  to  the 
heating  of  the  apparatus.  This  means  that  it  will  usually 
be  suificient  to  divide  the  calculations  into  two,  or  at 
most  three  periods,  because,  although  there  will  be  some 
variation  when  the  difference  in  temperature  between  the 
heating  apparatus  and  the  room  is  small,  still,  in  this 
case,  the  heat  loss  itself  is  also  relatively  small,  so  that 
the  error  is  proportionately  decreased. 

The  curves  in  Fig.  3  are  similar  to  those  in  Fig.  1. 
They  are  based  on  5  lb.  of  water  per  square  foot  of 
radiation.  It  is  interesting  to  notice  that,  if  more  radia- 
tion is  installed  and  operated  at  a  lower  temperature, 
the  same  time  is  required  to  bring  either  quantity  of 
hot-water  radiation  up  to  a  temperature. 

The  time  shown  by  the  curves  of  Fig.  3  might  have 
to  be  increased  if  the  pipes  are  large  and  so  hold  much 
more  water  per  square  foot  of  surface  than  does  ordinary 
radiation.  One  and  a  half  or  two-inch  pipe  holds  about 
the  same  amount  of  water  per  square  foot  of  surface  as 
does  ordinary  radiation.  Doubling  the  diameter  of  the 
pipe  doubles  its  surface,  but  its  content  is  increased  four 
times,  so  that  the  water  in  the  pipe  per  square  foot  of 
surface  is  doubled.  The  time,  however,  might  only  have 
to  be  increased,  say  oO  per  cent.,  because  the  iron  in  the 
piping  and  the  iron  and  water  in  the  boiler  are  not  in- 
creased in  this  ratio  per  square  foot  of  surface  by  the 
increase  in  the  diameter  of  the  pipe. 


Special  Venturi  Style  Elbows* 

Besides  the  tests  described  in  the  Aug.  26  issue 
of  Power,  a  series  of  tests  on  air  ducts  was  also 
made  to  determine  the  effect  of  reducing  the  area  of  an 
elbow  at  the  throat  to  the  theoretical  or  equivalent  area. 
The  shape  assumed  by  such  an  elbow  is  shown  in  Fig.  1. 
This  special  form  of  elbow  was  suggested  by  Konrad 
Meier,  in  his  book,  "Mechanics  of  Heating  and  Ven- 
tilating," and  the  idea  advanced  that  by  reducing  the 
area  to  the  equivalent  orifice,  eddy-currents  would  be  pre- 
vented along  the  inner  side  of  the  pipe.  This  would  tend 
to  prevent  one  source  of  friction,  and  the  long-cone  effect 
would  aid  in  changing  the  accelerated-velocity  pressure 
at  the  turn  of  the  elbow  back  to  static  pressure  with  a 
minimum  loss. 

Of  the  total  loss  of  head  in  rounding  an  elbow,  about 
1-4  per  cent,  is  regained  in  the  straight  part  of  the  elbow 
after  making  the  turn,  and  the  balance,  or  56  per  cent., 
is  entirely  lost.  The  loss  in  pressure  due  to  any  elbow, 
as  shown  by  the  diagrams  presented  in  the  previous  article 
divided  by  0.56  gives  the  total  loss  at  a  point  just  after 
rounding  the  turn,  or  at  the  point  where  the  theoretical 
orifice  or  blast  area  is  to  be  calculated.  By  adding  1.0 
to  this  total  loss  and  taking  the  .square  root  of  the   re- 

•From  a  paper  read  by  Frank  L.  Buaey  before  the  Ameri- 
can Society  of  Heating  and  Ventilating  Engineers.  July  17-19, 
Buffalo,  N,   Y. 


ciprocal,  the  theoretical  area  as  a  percentage  of  the  actual 
area  is  found. 

As  an  example  of  this  calculation,  assume  an  elbow  in 
a  iaxl3-in.  duct,  the  elbow  to  have  a  center-line  radius 
of  1/^  W.  According  to  Fig.  4,  in  the  first  article,  the 
loss  in  this  elbow  will  be  0.95  of  a  velocity  head,  and 
the  loss  at  the  point  of  equivalent  orifice  will  be 

0.!).^i   -^   ll.5(i    =    l.i;    ri'lorilij 
Then  the  iilast  area  will  be 

=  0.6-2  (//'  flic  iircsi-iit  urea 

1.6  +  1.0 

The  foregoing  represents  an  extreme  case,  and  it  seems 
safe  to  assume  that  for  ordinary  square-turn  elbows  the 
theoretical  area  is  two-thirds  of  the  actual  area.     That 
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Fi(i.  1.    Special  Venturi-Style  Elbow  Used  in  Tesi's 

is,  with  a  12xl2-in.  eli)ow  the  width  to  two-thirds  of  the 
normal  size  without  interfering  with  the  air  flow  or  caus- 
ing an  increase  in  velocity  due  to  the  restriction.  The 
greater  the  center-line  radius  of  the  elbow  considered, 
the  less  will  be  the  loss  of  pressure  through  the  elbow 
and  the  more  nearly  the  theoreliial  area  will  approach  lo 
the  actual.  Thus  with  an  elirow  Inning  a  center-lme 
radius  of  IV2  ^  the  theoretical  area  would  lie  94  per  cent. 
of  the  actual. 

To  study  the  effect  of  reducing  the  thrdat  of  an  elliow 
as  just  described,  special  venturi-shaped  elbows  were  de- 
signed on  the  foregoing  basis,  and  their  effect  ascertained 
in  the  same  manner  as  had  been  already  done  in  the 
case  of  ordinary  elbows.  The  results  of  these  tests  are 
here  given,  and  the  accompanying  sketches  will  aid  111 
understanding  the  arrangements  of  elbows  u.sed. 

C'a§<e  I — A  standard  elbow  having  H  =  y^  ^^  ^'i* 
attached  to  the  outlet  of  the  test  box  and  a  6-ft.  length 
of  pipe  added  to  give  the  same  length  as  used  in  making 
the  special  elbow.  As  indicated  on  the  sketch,  the  loss 
due  to  the  elbow  and  6  ft.  of  pipe  was  94  per  cent.  01 
the  velocity  head. 

Case  II — The  standard  elbow  was  replaced  by  the 
special  venturi-shaped  elbow,  and  the  same  conditions  as 
to  air  pressure  maintained.  The  loss  now  was  37  per 
cent,  of  the  velocity  head,  showing  a  saving  of  57  per 
cent,  of  a  velocity  head,  or  60.7  per  cent,  of  the  loss 
indicated  for  the  standard  elbow. 

Case  III — An  offset  of  I14  times  the  width  of  the  pipe 
was  arranged  and  two  short-bend  standard  elbows  used. 
The  total  loss  from  A  io  D  was  found  to  be  219  per  cent, 
of  the  velocity  head. 

Case  IV — The  second  eliiow  was  re])laced  at  B  with 
the  special  elbow  and  the  loss  found  to  be  98  per  cent, 
of  a  velocity  head.  The  saving  due  to  the  use  of  the 
special  elbow  is  seen  to  be  121  per  cent,  of  a  velocity  head, 
or  55.4  per  cent,  of  the  original  loss. 

Case  V — An  offset  of  four  times  the  ]iipe  width  was 
arranged  with  the  two  short-beml  standard  elbows,  and 
the  loss  from  A  to  C  found  to  be  161.5  per  cent,  of  a 
velocity  head.  The  saving  over  Case  III  due  to  the 
greater  offset  was  21.6  per  cent.,  but,  the  arrangement 
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shown  iu  Case  IV,  where  one  special  elbow  was  used, 
allowed  ;i  saving  over  Case  \'  of  44  per  cent. 

Case  ^'l — Two  ea.sy,  long-radius  elbows  were  arranged 
as  shown,  to  determine  the  saving  due  to  these  elbows  as 
compared  with  the  ones  used  in  Case  \'.  Tiiis  arrange- 
ment gave  a  saving  of  79.3  iht  i-cnl.  of  the  biss  indiculcd 
for  Case  V. 

Case  VII — The  same  elbows  were  used  as  in  Case  VI, 
and  a  short  length  of  pipe  in.serted  between  the  elbows, 
increasing  the  offset  from  21/2  to  51/2  times  the  pi]>e 
width.  For  some  unaccountable  reason  the  lo.ss  indicated 
was  greater  than  for  C!ase  VI.  It  is  possible  that  this 
arrangement  is  more  productive  of  eddy  currents  in  the 
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CASE   I 
Standard  [Ibow  Ft'iW 
Loss  from  A^oC  94  %  Vehctfy  Head 


CASE  n 
Special  Stbotv    R'jW 
Loss  fromAioC  510%  Velocity  Head 
Saving  over  Case  I- 57%     •• 

■  607%  Original  Loss 


CAStm 
Offset  ik  times  width  of  Pipe 

two  Standard  stiort  bend  Elbows 


—    using  fwo  i^randord  short  bend  tlbom 
J    Total  Loss  from  AtoD  219.07.  Velocity 


■,     A      /?  =  4  W 


Loss  due  totwo  Elbo:is  206%  Velocity 
Head 

CASE  IS 
Offset  ik  times  width  of  Pipe 
Using  one  Standard  and  one  special  tibon 
Total^Loss  from  A  toD  98%  Velocity 
Head 

Saving  due  to  Special  Elbow  121% 
Velocity  Head 
Saving  doe  to  Special  [Iboi^  55^  %  Ong.  Loss 

CASE  V 
Offset  4  times  width  of  Pipe 
Using  two  Siondard short  bend  Elbows 
Loss  froniAfoC  161.5%  Velocity  Head 
Saving  over  Case  H  44.5%  Velocity  Head 
.    having  due  lo  greater  offset  21  BX  Orig.LoS 
1    Total  Loss  from  AfoD  175%  Velocity  Head 
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--i 1    lorai  LOSS  from  A  tou  I/O  u  velocity 

C  D   Saving  Case  17 over  Case  V  44% 

CASE  51 

W     0  ffset  2  i  times  width  of  fipe 

Using  hvo  Standondeosybend  tibows 

LossfnmAhC  Si.TiVehcity Head 

— I    Saving  overCase  V  I2I8X  Velocity  Head 

''^-k pj,       79.2%  Original  Loss 

R'l^W    *-  "   Total  Loss  fmmAhD47.2%Verocity  Head 

CASESn 
R  =  /j  (V      Offset  5i  times  width  of  fjpe 

Same  Conditions  as  Case  VJ except  a  Piece  of 
F^  5  widths  long  was  inserted  of  d 
Correction  has  been  made  for  Loss  in  this 
straight  Piece  of  Pipe 
Uncorrected  Loss  from  AfoC  47.2%  Velocity 

^-|— 1    Head  ' 

c n  Loss  doefothe  Elbows  40. 5%  Velocity  Head 

^  ^    T^i^  I  I  —  iT^-™   A  t^r^  cnr.  i       .... 


Total  Loss  from  A  loD  60.6?, 

R'liw  CASE  sm 

Offset  5  times  width  of  Pipe 
Special  Elbow  attached  at  B 
I  Special      Loss  from  AtoD  48£'Z  Velocity  Head 


Elbow    Saving  over  Case  YU   20.8 '/« 
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second  elbow  than  the  arrangement  of  Case  VI. 

Case  VIII — The  same  arrangement  as  used  in  Case 
^'I1.  except  the  second  elbow  was  re])laced  with  the  spe- 
cial elbow.  As  indicated,  a  saving  of  30.7  per  cent,  over 
Case  VII  was  oi)tained. 

As  may  be  noted  from  the  (lata  given,  the  principal 
gain  due  to  the  special  elbow  is  when  it  is  used  to  re- 
place a  short-bend  standard  elbow  in  which  the  loss  of 
])ressure  is  excessive.  Special  elbows  were  also  tried  with 
a  center-line  radius  of  IV2  H'-  but,  as  might  be  expected, 
the  gain  was  not  sufficiently  great  to  warrant  the  extra 
expense  of  con.struction. 

The  sjH'cial  elbow  might  be  used  to  advantage  in  either 
of  two  cases.  First,  where  a  horizontal  run  enters  a 
riser  at  such  close  qvuirters  that  an  easy  elbow  is  out  of 


the  (piestioii  and  a  sharp-bend  elbow  with  center-line 
radius  of  1/2  H'  must  be  \\in-i\.  Second,  where  a  close 
otlsct  must  be  made,  as  might  be  required  in  pa.ssing 
around  an  obstruction  or  through  a  wall.  If  the  offset  is 
.■urticienTly  great  to  j)ermit  the  use  of  long-radius,  easy- 
bend  elbows  it  is  questionai)lc  whether  it  would  be  worth 
while  to  use  the  special  elbow.  The  loss  due  to  the  ea.sy 
standard  elbows  wotdd  be  so  slight  that  the  saving  due 
to  the  special  elbow  would  be  insignifi(;ant. 

According  to  the  test  results  the  saving  due  to  the  use 
of  the  special  elbow,  as  in  Case  II,  resulted  in  a  saving 
of  ()..j7  of  a  velocity  head  as  compared  with  a  short- 
bend  elbow.  When  used  to  replace  the  second  elbow  in 
an  offset,  as  shown  in  Case  l\'.  the  saving  was  1.31  of  a 
velocity  head.  In  eitliiT  excnt  the  saving  was  from  5.j 
to  Of)  ]ier  cent,  of  the  original  lo.-^s. 

A   Heater  Trouble 

J  have  tile  care  of  an  Fcononiy  hot-water  heater  that 
was  installed  about  three  years  ago.  This  heater  consi.sts 
of  a  cast-iron  body  8  in.  long  and  3  in.  iu  diameter  with 
a  i/o-in.  water  inlet  at  the  top,  a  hot-water  outlet  at 
the  bottom  and  a  i/^-in.  steam  inlet  on  the  side.  To 
operate  the  heater;  open  valve  .1  and  then  valve  B.  The 
two  valves  are  adjusted  to  get  the  temperature  desired. 
In  the  water  supply  there  is  a  check  valve  to  prevent  an 
unequal  steam  pressure  from  forcing  the  water  back  into 
the  supply  pipe.  There  should  also  be  one  in  the  steam- 
su)iply  pipe  to  prevent  the  water  getting  into  it. 


Ho'f-Wcrf^r 
OuHet 


SlCCTlOX    THHOUGH    HeATER 

This  heater  is  used  when  only  a  small  amount  of  water  ■ 
is  desired  at  one  time.     It  heats  the  water  all  right,  but  1 
it  has  a  fault  that  I  would  like  to  remedy.     The  steam 
in  coming  in  direct  contact  with  the  water  causes  a  slight  ■ 
water-hammer  which  stirs  u])  the  sediment  that  has  settled 
in  the  pipes  and  heater  and  causes  the  water  to  be  slightly 
colored.    If  any  reader  has  had  experience  with  this  type 
of  heater.  I  should  be  glad  to  learn  of  a  remedy  for  the 
trouiilc  without  renewing  the  iiiping. 

L.  X.  Webster. 

Siiriiiffficld,  Mass. 
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EDITORIALS 


Central  Power  Station  Rates 

In  Tosponso  to  a  request  from  the  Uniform  Electric- 
late  Association,  Louis  D.  Braiidcis  lias  delivered  an 
pinion   that: 

Assuming;  that  the  cost  of  producing  and  delivering 
lectrical  energy  is  the  same  per  unit,  regardless  of  the 
uantity  supplied,  and  in  the  absence  of  any  statute  regu- 
iting  or  limiting  the  price  at  which  it  may  be  sold,  a 
uhlic-service  corporation  cannot  legally  charge  a  lower 
ite  for  a  larger  than  for  a  smaller  quantity  delivered 
t  the  same  time  and   under  similar  cundilidiis. 

Assuming  that  there  is  a  diliVrcncc  between  the  cost 
f  making,  delivering  and  selling  electrical  energy  as 
etween  the  wholesale  and  the  retail  consumer,  a  publie- 
irvice  corporation  can,  in  the  absence  of  any  statute 
jgulating  or  limiting  the  price  at  which  it  shall  be 
3ld,  make  a  higher  i>rice  to  the  retail  customer,  but  the 
iiference  in  selling  price  may  not  be  substantially  greater 
lan  the  difference  in  cost. 

Ujion  the  case  which  to  tlie  lay  mind  would  seem  to 
ffer  no  possible  excuse  for  difference  in  rate,  namely, 
le  use  to  which  the  current  is  to  be  put,  Mr.  Brandeis 
iys  there  is  more  doubt.  It  costs  an  electric  company  a 
.^rtain  (or  uncertain)  amount  to  produce  current,  upon 
hich  cost  it  is  entitled  to  make  a  fair  profit,  and  it  is 
ard  to  sec  what  difference  it  makes  whether  the  customer 
ses  the  current  for  light  or  heat  or  power  or  metal- 
irgical  pur|K)ses,  or  electroplating  or  wliat('\er  else  he 
liooses.  ir  his  work  requires  more  of  it  than  would 
ime  other  use,  it  is  the  question  of  quantity,  disposed 
E  in  the  above-quoted  opinions.  If  it  is  because  the  cur- 
_'nt  for  the  specified  purposes  is  required  at  off-peak 
mes,  when  the  plant  would  be  otherwise  underloaded, 

is  a  question  not  of  use  or  purpose  !)ut  of  time  of 
n'viee.  Under  no  circumstances  could  the  mere  use  or 
urpo.se  for  which  the  current  is  bought  ai)]iear  to  justify 

difference  in  rate  or  to  be  of  any  concern  to  the  selling 
Limpany. 

Mr.  Brandeis  says  that  "'some  decisions  in  the  state 
ourts  would  seem  to  justify  such  discrimination,  but 
le  great  weight  of  authority  as  well  as  of  rea.soii  seems 
pposed  to  ])erinittiiig  any  discrimination  based  upon  the 
SB  to  which  electric  energy  is  put ;  and  therefore,  upon 
!ie  facts  assumed  in  the  question,  such  discrimination 
etween  charges  for  electrical  energy  used  for  power  and 
barges  for  the  electrical  energy  used  for  light  should 
e  held  illegal." 

'"On  the  other  liaiid.  the  difference  between  day  use — 
■lieu  the  demand  upon  the  station  is  small — and  evening 
se — when  the  demand  upon  the  station  is  large — seems 

proper  basis  of  classification  of  service ;  and  a  court 
light,  for  this  reason,  upon  the  facts  disclosed  in  a 
articular  case,  hold  that  use  for  power  as  calling  mainly 
or  day  use,  fell  within  a  different  class  of  service  than 
se  for  light." 

Here  again    it   is   admittediv   a   question    of   time   and 


I'.iil  iif  jjiirpose,  and  the  (•(iiilining  the  ii.se  to  power  pur- 
poses does  not  necessarily  keep  the  demand  oil'  the  peak, 
although  it  extends  the  demand  over  the  perind  of  light 
load  and  increases  the  power  factor. 

A  plant  designed  primarily  fen-  riiniishing  electric 
light,  having  only  a  night  load  and  selling  current  at  a 
price  which  pays  a  profit  upon  the  total  cost  of  produc- 
tion, including  all  the  standing  charges,  could  afford  to 
sell  current  at  a  very  low  price  during  the  day  time. 
The  extra  cost  of  producing  that  current  would  be  very 
small  and  it  could  be  sold  at  a  price  with  which  the 
isolated  ])laiit  ((nild  not  compete  unless  it  had  use  for 
a  large  proportion  of  its  exhaust  steam.  The  result 
would  be  that  llie  day  user  would  get  his  current  cheaper 
than  he  could  make  it,  the  electric  company  would  make 
money,  and  the  night  user  would  ])ay  no  more,  although 
he  would  not  share  in  the  improved  efficiency  of  larger 
use  of  the  plant. 

In  making  u]>  the  "difference  in  cost"  of  different  serv- 
ices upon  which  a  difference  in  rates  may  be  allowable 
in  the  second  opinion  above  quoted,  is  the  day  or  power 
load  to  be  allowed  to  escape  all  overhead  charges,  or  all 
except  those  which  are  directly  occasioned  by  its  taking 
on,  or  is  it  to  be  made  to  bear  its  jiroportioii  of  the  whole 
of  them  ? 

What  would  be  the  case  if  the  ]iower  or  day  load  were 
the  principal  part  of  the  business,  if  a  ])laiit  were  put 
down  primarily  to  run  a  gnnip  oF  mills  mid  factories. 
AVould  they  charge  all  llie  oNcrliead  expenses  in  making 
up  the  cost  wliicli  should  eslablish  the  day  rate  and  then 
sell  the  current  for  lighting  at  night  at  a  fair  profit  on 
its  additional  cost  'f 

If  the  standing  charges  are  to  be  equally  distributed 
over  the  production,  i.e.,  the  charge  ])er  unit  determined 
by  dividing  the  total  standing  charge  by  the  number  of 
units  produced,  the  average  cost  will  be  above  that  at 
which  current  can  be  sold  in  competition  with  an  isolated 
plant  of  any  considerable  size.  And  this  leads  to  a  most 
pertinent  and  important  jxiint  in  the  opinion,  not 
brought  out  in  answer  to  any  direct  inquiry,  but  com- 
ing in  incidentally,  and  thai  is  In  the  effect  that  a  public- 
service  corporation  cannot  ilisiriniinale  in  rates,  because 
it  cannot  get  the  business  olhei'wise;  ibat  if  is  not  justi- 
fied in  cutting  rates  to  meet  competition  unless  it  cuts 
them  to  everybody. 

We  shall  be  interested  to  see  what  view  the  courts 
take  of  the  question,  if,  as  we  understand  it,  the  inten- 
tion of  the  association  is  to  bring  some  test  cases  to  trial. 

Appreciation  of  the  Engineer 

More  and  more  as  men  are  graduated  from  engineer- 
ing schools,  the  profession  'of  engineering,  in  its  various 
divisions,  is  coming  to  rank  with  law,  medicine  and 
the  other  professions,  both  as  to  dignity  of  occupation 
and  enjoyment  of  protection.  The  time  has  passed  when 
'luviiig  a  transit   makes   the   purchaser  a  civil   engineer. 
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(ir  slringiiig  a  wire  to  light  his  kitchen  makes  a  man  aJi 
I'lectrical   engineer. 

So  much  for  the  technical  fellows,  qnd  we  hear  the 
\ast  mimher  of  good,  practical  men  call  •'■More  power  to 
llu'ir  arms."  Each  year  shows  closer  cooperation  between 
the  yuuug  fellow  with  his  degree  and  the  man  with  his 
years  of  practical  experience.  The  old  feeling  of  ani- 
mosity is  being  replaced  by  a  spirit  of  exchange  of  knowl- 
edge which  works  for  the  betterment  of  both  men. 

Today,  we  find  in  the  larger  plants  a  man  who  is 
known  as  the  chief  engineer.  In  his  department  and 
under  his  direction  are  to  be  found  assistant  engineers, 
oilers,  firemen,  etc.  Here  the  engineer  is  looked  upon  by 
the  management  as  a  man  who  shoulders  a  vast  amount 
of  responsibility  and  upon  whose  efficiency  depends  the 
plant  production,  to  a  large  degree.  Other  plants,  al- 
though smaller,  arc  fully  as  important  when  proportion 
of  operating  expense  to  output  is  considered.  Here  we 
probably  find  one  man  acting  as  chief  engineer,  assist- 
ant engineer,  oiler  and  fireman,  but  the  consideration  he 
icicives  seems  to  be  inversely  proportional  to  the  diversity 
ol'  his  duties. 

Not  infrequently  a  department  foreman  not  only  en- 
joys closer  cooperation  with  the  management,  but  is  re- 
warded more  generously  for  his  services,  than  is  the 
man  at  the  head  of  the  power  department. 

Consider  a  few  of  the  responsibilities  of  both  positions. 
The  foreman  must  look  to  the  welfare  of  the  employees 
working  in  his  department.  In  case  of  accident,  he 
signals  to  have  the  machines  stopped,  and  production 
in  his  division  is  retarded  for  a  short  time.  The  engi- 
neer is  responsible  for  the  life  of  every  person  in  his 
building,  and,  in  closely  settled  districts,  the  people  in 
the  adjoining  buildings.  The  engineer  must  not  have 
accidents — it  is  part  of  his  duty  to  see  that  they  do 
not  happen. 

How  much  intelligence  a  foreman  must  have  to  hold 
his  ]iosition,  is  indefinite,  but  a  glance  at  the  require- 
ments for  an  engineer's  license  is  convincing  that  the 
framed  document  in  the  engine  room  stands  for  head 
work  as  well  as  hand  work. 

There  is  one  man,  however,  who  defers  to  the  engi- 
]ieer — the  purchasing  agent.  He  may  be  able  to  select 
the  department  material  as  well  as  the  foreman,  but 
when  the  article  happens  to  be  a  sample  of  packing,  a 
new  type  of  blowoff  valve,  a  solution  of  the  boiler-scale 
problem,  etc.,  the  representative  is  generally  told  to 
•'just  step  back  to  the  rear  and  talk  to  the  engineer : 
he  is  the  man  who  knows  about  these  things." 

Much  is  being  accomplished  by  the  splendid  organiza- 
tions of  engineers  which  are  to  be  found  in  most  towns 
and  cities.  For  one  thing,  they  place  a  limit  to  the  time 
that  the  engineer  may  be  away  from  his  engine  room. 
This  alone  has  done  away  with  such  unpleasantnesses  as 
the  following: 

A  first-class  engineer  in  a  plant,  who  also  acted  as 
fireman,  millwright,  master-mechanic  and  general  trou- 
ble-man, was  found  by  his  employer  reading  his  technical 
paper.  The  employer  hurried  out  of  the  engine  room, 
imt  returned  in  a  few  moments  and  ordered  the  engi- 
neer to  lay  down  his  paper,  and  come  with  him  to  the 
lawn  in  front  of  the  office,  where  he  could  spend  his  time 
K)  better  advantage  in  digging  the  weeds  out  of  the 
grass.     This  employer   was  surprised   to   learn   that   his 


engineer   was    limited    to    15    minutes    absence    from    his 
engine  room. 

Such  employers  fortunately  are  of  the  old  school  and 
fast  disappearing.  The  new  generation  in  control  is 
largely  made  up  of  graduates  of  technical  schools,  and 
these  men  realize  and  foster  a  closer  bond  between  them- 
selves and  their  engineer.  Each  year  shows  more  atten- 
tion being  given  to  the  vital  point  of  the  plant — the 
power  house,  and  with  this  is  to  be  expected  an  increa.sed 
consideration,  on  the  part  of  the  management,  for  the 
engineer. 

Plant  Repairs  during  the  Slack  Season 

In  the  late  summer  many  industries  have  their  slack 
season,  and  frequently  the  plant  is  shut  down  for  a  week 
or  so.  At  these  times  the  engineer  has  a  chance  to  do 
considerable  repair  work.  Perhaps  no  time  would  be 
better  to  make  readjustments  of  operating  conditions, 
not  only  in  the  power  plant,  but  through  the  various, 
departments  that  go  to  make  for  the  finished  output. 
I'ossibly  the  engineer  has  felt  for  the  past  six  months 
that  the  friction  load  was  excessive.  A  careful  inspection 
of  shafting,  noting  alignment,  condition  of  bearings, 
hangers,  etc.,  may  often  make  a  considerable  reduction 
in  the  friction  load. 

There  is  always  the  repacking  and  truing  up  of  the 
various  units,  and  the  piping  will  need  some  attention, 
but  while  working  with  the  piping  it  may  be  possible 
to  make  some  changes,  which  together  with  the  proper 
pipe  covering,  will  show  a  saving  for  the  boiler  feedwater 
heater  or  the  exhaust-steam  heating  system.  If  an  air 
compressor  be  among  the  equipment  it  may  be  possible  to 
reduce  the  leakage. 

When  the  main  unit  drives  a  generator,  it  is  well  to 
have  the  switchboard  instruments  corrected.  This  may 
mean  either  sending  the  instruments  back  to  the  makers, 
or  if  time  will  not  permit  of  this,  it  would  be  well  to 
have  comparisons  made  with  standard  instrument.s. 

Throughout  the  plant  where  motors  are  used  it  may 
lie  possible  to  improve  conditions  of  load.  By  placing 
the  motor  nearer  the  center  of  load,  that  is,  having  the 
load  more  evenly  distributed  along  the  line  shaft,  to 
both  sides  of  the  motor,  an  improvement  may  be  effected. 

Many  modern  machines  are  supposed  to  be  operated 
at  high  speeds.  With  proper  selection  of  speed  of  motor, 
size  of  motor  pulley  and  line-shaft  pulley,  the  correct 
operating  speeds  for  the  machines  can  be  attained.  This 
will  prove  to  be  a  more  efficient  condition  for  the  machine, 
and  with  more  nearly  rated  loading  of  the  motor,  a 
more  efficient  motor  operation  will  also  result.  A  saving 
of  power  will  follow,  which  is  the  engineer's  aim. 

Other  things  could  be  mentioned,  but  the  important 
point  is  that  just  at  present,  when  so  much  is  being  said 
about  efficiency  engineering,  the  wide-awake  engineer  is 
eager  to  make  any  reasonable  change  in  his  equipment 
or  load  conditions  that  will  result  in  a  saving  in  power 
costs.  It  often  happens  that  it  is  hard  for  an  engineer 
to  get  the  concern  to  purchase  much  new  equipment  for 
the  power  plant,  not  realizing  that  such  expenditures  are 
investments.  For  this  reason  it  is  necessary  for  many 
engineers  to  make  the  best  possible  use  of  the  equipment 
at  hand.  Hence,  the  slack  season  of  summer  may  be  the 
busy  one  for  the  engineer  with  pet  schemes  to  work  out. 
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Three  Useful   Kinks 

In  many  plants  the  installation  of  economy  devices 
is  not  always  justifiable.  For  instance,  in  the  plani: 
where  the  writer  is  employed  there  are  two  self-oiling 
engines  and  one  which  is  oiled  by  hand.  An  oiling  sys- 
tem might  be  employed  on  the  one  unit,  but  as  it 
operates  only  six  hours  each  day  it  is  a  question  whether 
it  would  pay  for  itself  by  the  time  it  had  depreciated 
beyond  usefulness. 

The  crank  of  the  engine  in  question  is  oiled  from 
a  reservoir  of  about  one  gallon  capacity,  which  is  at- 
tached to  the  frame  in  such  a  manner  that  the  oil  can 
flow  to  the  crank  bearing  by  gravity.  After  leaving  the 
hearing  the  oil  falls  to  the  oil-pan  in  the  lower  part  of 
the  engine  frame  and  from  there  is  drawn  into  a  suitable 
vessel  and  again  returned  to  the  reservoir  to  be  used  over 
again.  The  engine  being  vertical,  considerable  water 
leaks  into  the  oil-pan  and  mixes  with  the  oil.     This  water 


(_)il-Watki;  Si-i'AiiA'roR 

must  be  separated  from  the  oil  before  it  can  be  returned 
to  the  reservoir  for  use.  This  used  to  be  done  by  draw- 
ing the  water  from  the  bottom  of  the  oil  reservoir,  but 
no  matter  how  carefully  this  was  attended  to  some  water 
always  found  its  way  to  the  crank  bearing,  which  did 
the  latter  more  harm  than  good,  necessitating  frequent 
adjustment.  I  hit  upon  the  scheme  shown  in  the  sketch, 
which  is  self-explanatory.  Since  the  application  of  this 
simple  device  the  crank-bearing  has  been  running  with- 
out adjustment,  and  the  prospect  is  "that  it  will  do  so 
for  sorne  time  to  come.  The  material  used  is  of  small 
consequence  and  the  relief  from  worry  and  saving  of 
wear  fully  justifies  the  time  and  material  ]nit  into  the 
job. 

On  the  same  engine  there  is  a  Rites  governor.  The 
eccentric  is  on  one  side  of  the  flywheel  and  the  weight- 
arm  on  the  other.  The  eccentric-pin  bearing  had  a 
tendency  to  wear  oblong  near  the  weight-arm  due  to  the 
alternate  direction  of  the  force  required  to  move  the 
valve.  This  action  was  further  aggi-avated  by  a  slight 
wobbling  of  the  flywheel.  To  overcome  this  trouble  one 
end  of  a  spring  was  attached  to  the  center  of  the 
governor  pin  and  the  other  end  to  the  rim  of  the  fly- 
wheel in  such  a  position  that  it  counteracted  the  to  and 
fro  movement  of  the  governor-pin  in  its  bearing  and  held 
it  in  line.  A  little  experimenting  had  to  be  done  before 
the  correct  position  of  the  spring  and  the  proper  tension 
was  found.  The  regulation  is  now  entirely  satisfactory. 
The  spring  used  was  an  old  automobile  spring  and  did 
not  cost  anything,  but   its  application  saved  the  cost  of 


fitting  new  bearings  and  the  regulation  is  better  than  ever 
before. 

Sometimes  a  lubricator  feed-glass  is  encountered  which 
gives  a  good  deal  of  trouble  by  becoming  dirty,  thus  caus- 
ing the  oil  to  flow  along  the  side  of  the  glass  in  a 
stream  instead  of  rising  in  drops.  It  was  found  that  a 
fine  wire  placed  in  a  vertical  position  exactly  in  the  cen- 
ter of  the  feed-glass  would  overcome  the  trouble  and 
also  prevent  the  bursting  of  the  feed-glass  from  unetiual 
expansion.  The  method  of  fastening  the  wire  is  imma- 
terial as  long  as  the  flow  of  the  oil  is  not  obstructed. 
The  writer  uses  a  piece  of  50-  or  75-amp.  fuse  bent  into 
a  circle  of  the  same  diameter  as  the  feed-glass.  To  this 
ring  the  fine  wire  is  attached  so  that  it  is  exactly  central 
at  right  angles  to  the  diameter  of  the  ring.  The  wire 
IS  then  cut  to  a  length  which  will  permit  the  end  to  enter 
Ihe  feed  nozzle  from  -^^  to  %  in.,  when  the  ring  rests 
upon  the  upper  end  of  the  feed-glass.  This  scheme  may 
not  work  very  well  in  case  the  lubricator  is  required  to 
feed  very  ra])i<lly,  with  a  very  heavy  oil. 

Loris  T.  \\'A-|-itv. 

Pufblo,  Col,,. 

Why   Did  Trap   Fail  to  Drain   Dry- 
Cans? 

In  our  plant  there  are  a  number  of  dry  cans  on  which 
the  cloth  is  dried  before  being  calendered.  Up  to  about 
three  months  ago  the  condensation  from  these  cans  re- 
turned by  gravity  to  a  receiver  situated  about  30  ft. 
from  the  dryers  and  28  in.  lower.  A  pump,  governed 
by  a  float  in  the  receiver,  pumped  the  water  into  an  open 
heater,  a  rise  of  28  in. 

The  pressure  in  the  cans  ranged  from  (i  to  12  lb. 
The  heater  pressure  is  never  higher  than  1  lb.  and 
oftener  it  is  a  partial  vacuum.  With  these  conditions 
we  saw  no  reason  why  a  trap  placed  near  the  receiver 
and  loop  would  not  do  the  work  of  both  and  effect  a 
saving.  A  trap  salesman  agreed  to  put  a  trap  in  with 
the  understanding  that  if  it  did  not  drain  the  cans  his 
company  would  take  it  out,  with  no  charges  for  the 
installation.  The  trap  was  installed  and  our  troubles 
began,  but  there  was  no  fault  with  the  trap.  All  the 
water  which  came  to  it  was  discharged  into  the  heater, 
but  for  some  reason,  which  is  not  clear  to  me,  only  a 
jiart  of  the  water  flowed  to  the  trap,  and  the  cans  would 
not  dry.  We  thought  the  pipes  were  air  bound,  and  put 
in  air-relief  cocks,  but  the  cans  were  continually  full  of 
water. 

Our  puzzle  was  and  is,  why  the  water  should  not  flow 
as  freely  to  a  trap  as  tc  ihe  pump  receiver.  We  finally 
set  the  trap  directly  beside  the  cans,  which  then  oper- 
ated free  of  water,  the  trap  doing  its  work  satisfactorily. 
The  question  is,  Why  did  it  not  work  satisfactorily  when 
first  installed  ? 

L.  Johnson'. 

Exeter,  X.  H. 
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The  Independent   Plant 

MiHi.y  of  the  rcccnlly  published  ilcsrriptiniis  ol'  iiule- 
pendeut  plants,  as  well  as  scuiie  cii'  the  :ir,i;iiineiits,  pro 
and  eon,  have  been  interesting.  They  relleel.  in  small 
measure,  the  widespread  natiii'e  cif  the  cpn'stion.  The 
writer  has  always  contended  that  with  piciperly  adapted, 
first-class  apparatus,  almost  any  plant  could,  and  many 
do,  show  superior  over-all  results  to  central-station  serv- 
ice. In  Northern  cities  the  requirement  of  heating  is  of 
decided  advantage,  and  without  this  credit,  the  case 
would  he  far  more  diflficult. 

From  this  it  is  an  easy  ste|)  to  "hldck  |>laiits,"  sup|dy- 
ing  current  and  heat  within  theii'  limits,  and  being  real 
central  plants.  Moreover,  the  m<Mleiii  ( '<irliss-valve  di- 
rect-connected engine,  with  its  Hat  steam-(onsum])tioii 
line,  and  the  natural-draft  cuoling  lower  and  condenser 
make  an  ideal  combination.  For  summer  service,  snili 
a  plant  mav  run  condensing,  with  minimum  cost,  and 
practically  on  an  equality  with  the  central  .station,  so 
far  as  cost  of  current  at  the  switchboard,  in  each  ease, 
is  concerned.  In  winter,  all  the  exhaust  steam  should 
be  utilized,  at  attractive  return. 

Again,  an  existing  higii-,speed  installation,  perhaps  of 
poor  efficiency,  can  he  improved  by  the  addition  of  a 
small  low-)jressure  turbine,  augmenting  and  improving 
the  total  economy  to  a  remarkable  extent.  These  results 
were  not  possible  a  few  years  ago,  before  the  develop- 
ment of  the  four-valve  engine,  the  small  turbine,  and 
correct  low-cost  condensing  and  water-cooling  apparatus. 

Or  a  heating  system,  either  steam  or  water,  can  be 
so  connected  in  between  the  engine  and  condenser  as  to 
use  a  large  part  of  the  heat  generated  by  the  boiler. 

Take,  as  a  case,  the  present  high-speed  Corliss-valve 
direct-connected  engine,  with  an  initial  cost  of  about  $40 
per  kw.  and  a  steam  consumption  of  not  more  than  .'55  lb. 
per  kw.hr.,  noucondensing,  and  27  lb.  condensing,  the 
total  cost  per  kw.hr.  on  a  yearly  output  of,  say,  350,000 
kw.  hours  and  $4  coal,  would  not  he  much  over  II4  cents, 
all  charges  included,  and  no  credit  for  heating.  For  five 
to  eight  months  during  the  year  75  per  cent,  of  the 
exhaust  steam  is  absorbed  by  the  heating  requirements, 
which  would  reduce  the  net  cost  to  about  1  cent,  a  rate 
which  the  central  company,  with  its  hea\y  o\ei]iead  ex- 
pense, could  not  meet,  and  remain  in  business. 

Better  yet,  take  the  very  flexible  plan  of  se\'eral  high- 
speed units  exhausting  to  a  receiver  from  which  a  mixed- 
pressure  turbine  and  a  heating  system  is  fed.  with  coii- 
nectioiis  so  arranged  that  any  combination  of  the  units 
could  be  secured,  the  cost  would  he  still  further  rediu'cd, 
and  the  plant  become  a  very  profitable  investment  to  the 
owners  and  a  source  of  economy  and  satisfaction  to  its 
patrons.  The.se  turbines  range  about  $30  per  kw.  for 
small  sizes,  with  condensing  apparatus  about  $7.50  per 
kw.,  and  the  jiower  so  developed  is  almost  a  net  gain. 

It  is  usually  with  old,  poorly  apportioned  machinery, 
Ijadly  operated,  in  depreciated  condition,  without  com- 
plete and  authentic  records  of  cost,  that  the  central 
stations  can  make  a  showing  on  a  strictly  engineering 
basis.  Granted,  that  if  a  new  l)oi]er  plant  is  necessary, 
requiring  expensive  changes  in  liuildings  and  occupying 
valuable  space,  if  the  engines  are  run  down  and  the  re])air 
bills  high,  with  frequent  exasperating  shutdowns,  I  ihor 
troid)les,  etc.,  there   is  little  argument. 

Unfortunately    tliei'e   are   many    such    plants.      But    in 


eomparitig  results  from  a  modern  well  equi))ped  central 
station  it  is  manifestly  unfair  to  take  the  independent 
plant  in  any  but  the  same  condition.  Kach  case  is  a 
problem  in  itself,  deserving  of  careful  study  l)y  a  trained, 
unbiased  judgment,  and  the  result  is  almost  a  certainty 
when  so  handled.  The  independent  modern  plant  has 
nothing  to  fear  if  given  fair  consideration.  But  this 
ini]dies  an  intelligent,  well  read  engineer,  up  to  date  on 
the  developments  of  recent  years,  and  with  accurate 
reeijrds  of  his  plant  condition  and  costs. 

W.  (i.   8TAI!KWE.VTHi;ii. 

Boston,   Ma.ss. 


Alarm  for  Oiling  System 

The  need  for  an  alarm  device  on  oil-tank  service  is 
this:  All  practical  men  know  that  the  oiler  has  other 
things  to  attend  to  beside  oiling.  It  is  generally  the 
case  that  something  will  happen  to  the  oiling  system 
when  he  is  wiping  up  a  machine  or  polishing  bright 
work.  The  filter  tank  is  usually  in  the  basement  and 
out  of  sight  most  of  the  time.     The  gravity  tank  is  ele- 
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vated  in  or  abo\c  the  engine  room,  and  the  chances  are 
that  the  oil  level  in  the  gage-glasses  of  this  tank  cannot 
be  seen  unless  one  gets  back  in  some  corner  to  look  at  it. 
The  screen  gets  dirty  and  the  oil  will  go  on  the  floor, 
either  at  the  upper  tank  or  the  lower  one,  and  one  iloes 
not  know  that  the  basement  tank  lias  overflown  until  it 
is  too  late  to  prevent  damage  or  loss  of  oil. 

The  supply  pump  will  slow  down  and  all  the  oil  will 
go  to  the  lower  tank  and  remain  there.  By  equi])]niiL; 
the  tanks  with  the  device  shown  all  such  trouble  may  !ir 
avoided.     The  illustration  is  self-explanatory. 

Dallas,  Te.x.  John  Butf-k.^. 
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I       QUESTIONS     BEFORE    THE     HOUSE       I 


Jam  Nuts 

Til  "Tnqnirics  of  Genoral  Iiitcii'si."  June  94  issup,  in 
I  111'  answer  to  the  inquiry  on  "jani  nuts."  the  answri- 
uas  lliat  the  thick  nut  sliouhi  bo  put  on  lirst,  for,  having 
more  threads,  it  can  be  drawn  u])  tigiiter  with  less 
lauger  of  stripping  the  threatls,  and  on  account  of  its 
iireater  thiclviiess  it  can  be  more  easily  held  by  a  wrench 
ivhile  the  outside  nut  is  turned. 

.\  locknut  is  usually  about  one-half  as  thick  as  the 
ordinary  nut  and  for  the  siin])le  reason  that  a  wrench 
is  generally  thicker  than  this,  the  nut  is  placed  on  the 
:)utside  for  convenience.  I  am  of  the  opinion,  however, 
that  tlie  small  nut  should  be  placed  next  the  piece  that 
is  being  bolted. 

Referring  to  the  sectional  view,  wp  may  imagine  a  very 
■iiiiall  clearance  between  tlie  threads  of  a  nut  and  the 
threaded  i)art  of  the  bolt  D.  Then  a  single  nut,  when  it  is 
lightened  against  the  piece  being  bolted,  will  appear  as 
V  in  the  figure,  the  clearance  between  threads  being  on 
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Says  Graphite  Is  Successful 

The  letter  by  Iv  ('.  SuUcui.  of  the  Eslerville  (Iowa) 
Light  and  Power  Co.,  printed  in  the  Aug.  19  issue, 
under  the  heading  "Had  Xo  Success  with  Graphite,"' 
was  read  with  interest.  .My  experience  w'ith  graiihite 
has  been  very  different. 

Some  months  ago  my  advice  was  solicited  by  the  man- 
agement of  the  Castle  Heights  Water  L'o.,  of  North 
White  Plains,  X.  Y.,  as  to  a  remedy  for  removing  and 
]ireventing  scale  incrustation  in  the  boilers  of  this  com- 
]iany. 

1  examined  the  boilers,  which  were  of  the  horizontal 
tubular  type,  and  found  that  there  was  an  average  scale 
incrustation  approximating  i/;  in.  in  thitkness  deposited 
(]\er  the  interior  of  the  boiler  shell  and  tulies.  The  feed 
water  used  at  this  plant  is  not  unlike  the  water  of  the 
Croton  Watershed,  showing  an  average  alkalinity  of  about 
.SI  parts  per  million;  a  ])ermaiient  hardness  of  5  parts, 
making  a  total  average  hardness  of  about  3!)  parts  per 
million. 

There  being  two  boilers  at  tiie  plant  of  150  rated 
horsepower,  either  of  which  is  capable  of  operating  the 
plant,  it  was  found  convenient  to  try  a  scale-removing 
substance  upon  the  heavily  incrusted  boiler,  which  at  the 
time  of  the  test  was  in  reserve. 

I  decided  to  try  graphite  on  the  reserve  boiler,  known 
as  Xo.  2.  On  May  8,  1  ordered  Xo.  2  boiler  placed  in 
operation,  at  the  same  lime  instructing  the  engineer  to 
feed  the  graphite  to  the  lioilcr,  through  a  receptacle 
tapped  and  connected  to  the  feed  line,  on  the  suction 
side  of  the  feed  ]iump,  and  to  feed  3  lb.  of  graphite  each 
day  for  the  first  three  days  and  to  blow  down  at  the  end 
of  the  third  day.  .Mter  the  tbii'd  day  tlic  (juantity  of 
graphite  fed  was  reduced  to  1  11).  per  day  and  the  boiler 
blown  down  c\ery  second  day  until  opening  up,  my  in- 
tention being  to  run  the  test  for  at  least  30  days  before 
shutting  down. 

On  May  25,  after  17  days'  run,  I  unexpectedly  was 
coiupelled  to  shut  down  for  insurance  inspection,  and 
was  indeed  nuicb  disa]ipointed  to  have  to  do  so  as  I 
imagined  the  graphite  did  not  lia\e  sutlieient  opportunity 
to  demonstrate  its  scale-removing  qualities.  My  disa[)- 
])ointnient  was  more  than  compensated  for,  to  find  upon 
examination,  that  the  interior  of  the  hoiler  and  the  tubes 
liad  become  practically  cleared  of  scale.  Further  exami- 
nation through  the  rear  handhole  opening  showed  that 
quantities  of  the  carbonates  ol'  lime  and  magnesia  min- 
gled with  graphite  had  been  jirecipitated  in  a  sludge 
consistency  easily  I'enunable  by  blowing  out. 

T  am  now  running  a  tesi  to  determine  the  worth  of 
grajihite  as  a  scale  ])reveiitive  and  expect  to  have  the  same 
success,  and  indeed  I  am  very  optimistic  of  the  result 
as  the  boiler  continues  to  show  increased  steaming  quali- 
ties with  a   niiniiiiuni   coal   consuiu]ition. 

DanIKI.   1.    CfltTIX. 

New  York  Citv. 


Jam  XtT  I'lacI';o  Ixsini'; 

the  right-hand  side  in  this  case.  In  applying  the  locknut 
lis  at  B  it  is  first  tightened  against  the  piece  A  and  the 
nut  C  is  then  tightened  on  the  top  of  B.  The  loeknuc 
then  is  tightened  back  on  (',  the  outer  nut  being  held 
firmly  with  a  wrench,  this  action  grinding  the  surfaces 
jf  the  two  nuts  together;  or  by  holding  nut  B  and  tight- 
.'iiing  C,  we  have  the  same  effect  without  loosening  the 
liold  of  the  bolt.  The  clearance  of  the  small  nut  is  on 
the  left  as  indicated  in  the  ligure.  It  will  be  seen  that 
the  large  nut  not  only  resists  the  judl  indicated  by  the 
;'ontact,  but  also  the  load  ai)plied  l)y  the  small  nut  Avhen 
it  is  turned  back. 

To  avoid  mistakes  a  conipromi.se  may  be  made  by 
liaving  both  nuts  of  the  same  thickness  and  equal  to  about 
three-fourths  the  thickness  (jf  the  ordinary  nut  or  where 
iili])earance  is  not  a  great  consi(l<'ial  imi.  two  nuts  of  usuai 
thickness  can  be  used. 

Chai;ij:s  .Iaislow. 

Stillwater.  Okla. 

I  In  nuist  .situations  where  a  gain  or  lock  nut  is  em- 
ployed it  is  both  necessary  to  obtain  the  maximum  draft 
iiefore  setting  the  .jam  nut  and  to  retain  the  position  of 
the  inside  nut  without  backing  it  against  the  outside 
nut.  The  inside  nut  must,  therefore,  he  the  main  nut 
and  the  outside  nut  the  jam  or  lock  nut. — Ed.] 
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Pitting  of  Boilers  Due  to  Furnace 

UdcIlt  this  heading  E.  Ilerzog,  of  Chicago,  stated  in 
the  July  15  issue,  first:  "The  pitting  of  boilers  in  Chi- 
cago seems  to  be  quite  characteristic  to  boilers  having 
the  dutch-oven  type  of  furnace."  Second :  "The  object 
of  installing  this  type  of  furnace  is  to  eliminate  smoke, 
which  it  does  after  the  furnace  gets  hot."  Third :  "This 
action  does  not  occur  in  other  boilers  tliat  use  distilled 
water,  but  have  not  that  kind  of  a  furnace." 

A  Chicago  ordinance  provides  for  smoke  inspection  and 
abatement  in  the  City  of  Chicago.  Sections  14.  1-5  and 
16  read  as  follows: 

Section  14:  No  new  plants  ov  any  reconstruction  of  any 
old  plants  for  producing  power  and  heat,  or  either  of  them. 
or  any  new  chimney  connected  with  a  steam  plant  shall  be 
erected  or  maintained  in  the  city  until  plans  and  specifica- 
tions of  the  same  have  been  filed  in  the  office  of  and  approved 
by  the  smoke  inspector  and  a  permit  issued  by  him  for  such 
erection,  reconstruction  or  maintenance.  Plans  and  specifica- 
tions to  be  filed  with  the  smoke  inspector  shall  show  the 
amount  of  work  and  the  amount  of  heating  to  be  done  by 
such  plant  and  all  appurtenances  thereto,  including  all  pro- 
visions made  for  the  purpose  of  securing  complete  combus- 
tijn  of  the  fuel  to  be  used  and  for  the  purpose  of  preventing 
smoke. 

Section  15;  It  shall  be  unlawful  lor  any  person  to  use  any 
new  or  reconstructed  plant  for  the  production  and  genera- 
tion of  heat  and  power,  or  either  of  them,  until  he  shall  have 
first  procured  a  certificate  from  the  smoke  inspector  that  the 
plant  is  so  constructed  that  it  will  do  the  work  required  and 
that  it  can  be  so  managed  that  no  dense  smoke  shall  be 
emitted  from  the  chimney  connected  with  the  furnace  or 
firebox. 

Section  IG:  No  owner  shall  alter  or  repair  any  chimney  or 
any  old  furnace  or  device  which  alteration,  change  or  instal- 
lation shall  affect  the  method  or  efficiency  of  preventing 
smoke,  without  first  submitting  plans  and  specifications  to 
the  smoke  inspector  and  securing  a  permit  therefor,  provided, 
however,  that  minor  necessary  repairs  which  do  not  increase 
the  capacity  of  such  plant  or  which  do  not  involve  any  sub- 
stantial alteration  in  structure  and  which  do  not  involve  any 
alteration  in  the  method  or  efficiency  of  smoke  prevention 
may  be  made  by  or  under  the  engineer  in  charge  of  said  plant 
without  a  permit.  Any  person  who  shall  violate  this  section 
shall  be  liable  to  a  fine  of  $25  for  each  day  upon  which  he 
shall  prosecute  such  alteration,  change  or  installation  with- 
out a  permit,  and  each  day's  violation  shall  constitute  a  sep- 
arate offense. 

By  virtue  of  this  ordinance  the  Department  of  Smoke 
Inspection  maintains  a  record  of  all  new  installations 
as  well  as  all  important  reconstructions.  The  records 
of  the  department  for  the  year  1912  show  that  during 
this  year  the  department  issued  263  permits  afTecting 
construction  or  reconstruction  of  furnaces  under  485  boil- 
ers.    These  furnaces  were  divided  as  follows: 

Hand-fired  furnaces   323 

Mechanical    stokers    121 

Gravity-feed    furnaces     37 

Oil-burning  furnaces    4 

Each  group  was  subdivided  as  follows: 

D.  A.  B.  V\'.  furnaces 20»i 

McMillan    furnaces    (modified) 8 

Extension    hand-fired    furnaces 19 

Tile-roof    furnaces    17 

Defl.   arches  and   semi-bit.    coal 1 

McGinniss  arch   furnaces 1 

Dept.    No.    4    furnaces 2 

Twin    fire-arch    furnaces 29 

Down-draft    furnaces 13 

Dept.    No.    7    furnaces 22 

Chain-grate    stokers    6S 

Underfeed    stokers    ^ 11 

Taylor    underfeed    stokers 5 

Side-feed    stokers    15 

Ronev   stokers    14 

Swift   stokers    6 

Butman    rotary-grate    stokers 2 

Waste  heat  hand-fired   furnaces 4 

Standard   setting  air   ducts 1 

Asphalt   stills    3 

Waste-heat   mech.   stokers 1 

Burke    &    McKInzie    furnaces 37 

Total    4S5 

From   this  table  it   can  bp  seen   that  out  of  485  fur- 


naces only  19  were  extension  luriiaccs,  ami  nio.si  of  tlic-r 
were  used  to  burn  special  fuel.  In  short,  the  dut(h- 
oven  type  of  furnace  is  not  installed  at  present  as  a 
smoke  preventer  but  is  used  to  utilize  fuels  which  tan 
not  be  used  in  furnaces  of  a  lower  temperature,  or  tn 
accommodate  boilers  which  by  the  iiatiii-c  of  I  heir  ((in- 
struction can   not  be  equipped   with   any   other  type. 

As  to  the  third  proposition  advanced  by  Mr.  Ilerzdu. 
that  is,  "This  action  does  not  occur  in  other  boilers  thai 
use  distilled  water,  but  have  not  that  kind  of  a  furnace" 
With  the  permission  of  Mr.  Monnett,  chief  smoke  inspii  - 
tor,  Chicago,  I  sent  a  letter  to  various  boiler-insuram 
companies,  requesting  information  as  to  how  the  avera:^ 
condition  of  boilers  in  Chicago  compared  with  otln  r 
cities,  and  whether  it  was  true  that  boilers  in  Chicau'i 
are  subject  to  pitting  more  than  the  boilers  outside  <  T 
Chicago.  Another  question  was,  what  percentage  of  boil- 
ers under  observation  in  Chicago  have  this  trouble  to  a 
marked  degree,  and  how  docs  it  compare  with  the  ])er- 
centage  in  other  cities? 

In  answer  to  this  letter  one  company  stated  that  its 
records  do  not  show  that  the  condition  of  boilers  in 
Chicago,  insofar  as  pitting  goes,  is  any  different  than 
in  most  other  sections  of  the  country.  The  pitting  of 
boilers  in  Chicago  so  far  as  this  company's  experience 
goes  appears  to  be  confined  to  that  class  of  boilers  used 
for  cooking,  heating  or  similar  purposes  in  which  the 
water  of  condensation  is  used  over  and  over  again.  In 
all  sections  of  the  country,  boilers  operated  under  similar 
conditions  are  subject  to  pitting  to  a  greater  or  less 
extent. 

This  company's  inspectors,  who  work  in  Chicago  and 
throughodt  the  State  of  Illinois,  report  that  there  is  no 
appreciable  difference  as  to  pitting,  between  the  boilers 
operated  in  the  city  and  boilers  operated  elsewhere  in 
the  state. 

From  anotlier  and  well  known  ((miiiany  we  received 
the  following: 

The  average  boilers  in  Chicago  are  probably  in  bettei-  con- 
dition than  they  are  in  some  other  locations,  for  instanC'-. 
Pittsburgh,  where  pitting  and  corrosion- are  very  marked.  Ii 
Chicago  we  find  but  very  little  pitting  and  corrosion  exci  ]•'. 
in  boilers  used  for  heating  purposes,  where  the  pic  - 
sure  is  low  and  the  circulation  is  not  very  rapid,  and  wli- 
water  is  used  from  the  returns,  which  naturally  would  can 
considerable  pitting. 

We  do  not  know  what  the  percentage  of  pitting  of  boilei;; 
would  be  in  Chicago,  but  we  do  know  that  the  power  boilers, 
that  we  have  inspected  are  probably  freer  from  pitting  than 
they  are  in  most  other  localities,  as  we  find  that  the  water 
generally   used    for    boiler-feed    purposes    is    good. 

From  the  above  it  can  be  seen  that  the  statement  of 
Mr.  Herzog  is  wrong  and  that  the  feed  water  is  more 
to  blame  than  the  furnate. 

H.  MisosTOW. 

Chicago.  111. 


Eeferring  to  Mr.  Herzog's  letter  in  the  issue  of  July 
15,  concerning  the  pitting  of  boilers,  I  am  of  the  opinion 
that  oxidation  takes  place  both  where  the  drop  forms  on 
the  top  plate  and  where  it  strikes  the  bottom  plate. 

If  one  crawls  into  the  drum  of  a  boiler  free  from 
scale  and  which  has  a  leaky  stop  valve,  it  will  be  noticed 
that  the  vapor  condenses  on  the  sides  and  top  of  the 
drum.  This  condensation  being  chemically  pure  oxidizes 
the  sheet  both  where  the  drop  forms  and  falls. 

Harry  A.  Cox. 

Middietown,  N.  Y. 
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mil'. 


Mil — What    is    the    meaning    of    the    term    circular 


J.    W.    D. 


A  circular  mil  is  the  area  of  a  circle  0,001  in.  in  diamett 
or  0.0007S54  sq.in.,  and  is  the  standard  unit  of  cross-section 
area   of   vii  es   and   cables    tor   carrying-   electric   current. 


Condpn.sinK  Surface — With  brass  condenser  tubes  of  No.  18 
gage  thickness,  cooling  water  at  an  initial  temperature  of 
60  deg.  F.  and  discharge  temperature  of  120  deg..  how  many 
pounds  of  steam  per  square  foot  per  hour  could  be  condensed? 

J.   W.   D. 

It  would  be  considered  good  performance  if  13  lb.  per  hr. 
were   handled   per   square    foot   of   condensing   surface. 


Highest    Superheat — What 
which   superheated   steam    is   i 


the    highest    temperature    at 


ed? 


S.    E. 


In  this  country  a  final  temperature  of  about  500  deg.  F. 
seems  to  be  the  practical  commercial  limit  used  in  connec- 
tion with  steam  turbines  and  poppet  valve  engines.  In  Ger- 
many temperatures  of  about  60  deg.  F.  are  common  and 
cases  are  on  record  where  as  high  as  S50  deg.  F.  has  been 
used. 


from 


Resistance    for    Given    Voltage    Droii — What    resistance    is 
required  to  reduce  a  line  voltage  of  115  to  35? 

J.   A.    P. 

The  amount  of  resistance  required  to  reduce  115  volts  to 
)5  volts  will  depend  entirely  upon  the  current.  The  drop 
icross  the  resistance  is  115  —  95  =  20  volts,  hence, 
the  formula 


R  = 

here 
R  =  Resistance 
E  =  Electromotive    force 
C  —  Current. 

The    resistance    in    ohms    would 
jhe  current  in  amperes. 


voltage 

equal    to    20    div 


Safe   Flywheel    Speed — At 

vwheel    be   driven   safely,    ha 
thick"     The   wheel    i 

j.p  m. 


speed    (r.p.m.)    can   a    10-ft. 

1    rim    with   a    34-in.    face.    3 

two   sections  and    now    runs  at    HO 


In  "Inquiries  of  General  Interes 
912,  issue  of  "Power,"  the  method 
forking  speed  of  flywheels  is  givei 
ast    iron    assumed    as    therein    giver 


E.  H. 
•  page  749  of  May  21, 
f  determining  the  safe 
With  the  strength  of 
the  safe  speed  would 
|e  6085  ft.  per  min.  for  the  flywheel  rim.  It  is  customary  in 
jguring,  however,  to  assume  a  mile  a  minute  (52S0  ft.  per 
liin.)  as  the  limit  of  safe  rim  velocity  in  ordinary  prac- 
|ce.  A  flywheel  10  ft.  in  diameter  would  have  a  circum- 
^rence  of  31.41  ft.,  and  on  the  basis  of  a  mile  a  minute, 
he  safe  speed  would  be  5280  -H  31.41  =  168  r.p.m.  The  wheel 
iicing  made  in  two  parts,  it  must  be  assumed  that  the 
arackets  or  lugs  and  bolts  for  fastening  the  parts  together 
^ve  the  same  strength  as  the  main  body  of  the  rira.  If 
not  so  the  safe  speed  would  have  to  be  taken  as  less 
han  the  above. 


Thermal  Efliclency — A  steam  engine  develops  100  b.hp. 
pnsuming  500  lb.  of  steam  in  10  min.  If  the  temperature  of 
^e  steam  is  354  deg.  F.,  its  total  heat  1190  B.t.u.  per  lb.,  and 
Ae  temperature  in  the  condenser  182  deg.  F.,  what  is  the 
Ijiermal  elliciency.  assuming  the  condensed  steam  to  be  re- 
amed to   the   boiler    without   loss? 


A   horsepower  being  the   development   of 
33.000    ft.-lb.    per    min..    and    1    B.t.u.    bei 
fS  ft.-lb..   then 


it    the 


ig    .--qui 


ilent    to 


1  hp.  =  * 


i-  =  42,416  B.t 


33.0(1(1 
778" 
Ikd  100  hp.   would   be   equivalent   to   4241.6   B.t.u. 
iCh    pound    of    steam    supplied    to    the    engine 
|t.u.    (reckoned    above    32    deg.    P.)    and    when    returned    from 
e  condenser  would  be  at  182  deg.  F.    (i.e.  182  —  32  =  150  deg. 


above 
would 


and  fo 
50   lb 


But   as 
work 


leg.    F.).    then    for    each    pound    of   steam    used 
supplied 

lino  —  150  -  1040    B.t.u. 
e  use  of   500  lb.   of  steam   per   10   min..   which 
per   min.,    the   total   heat   supplied    would   be 
1040  X  50  =  52,000   B.t.u.   per  min. 
only    4241.6    B.t.u.    was   absorbed    in    performing 
the    thermal    efBciency   of   the   engine    would    be 
4241.(> 


52.0(10 


0.0815  or  8.15  per  cent. 


Steam  from  Pump — How  can  it  be  calculated  how  much 
steam  will  be  required  per  day  of  24  hr.  by  a  duplex  pump 
running  at  75  r.p  m.,  having  a  piston  IS  in.  in  diameter  by  16- 
in.  stroke,  supplied  with  steam  at  50  lb.  pressure  and  ex- 
hausting into  a  vacuum  of   20   in. 

J.    A.    P. 

The  proper  way  to  determine  the  steam  would  be  to  catch 
and  weigh  the  condensate  for  a  given  time.  It  is  not  suffi- 
cient to  estimate  the  weight  from  piston  displacement  as  this 
does  not  allow  for  losses  due  to  cylinder  condensation  and 
waste  incident  to  clearance  spaces.  A  rough  method  would 
be  to  estimate  the  hoisepower  developed  and  assume  a  rate  of 
steam  consumption.  A  duplex  pump  of  the  specifications 
given,  with  tight  pistons  and  valves,  should  have  a  mean  ef- 
fective pressure  on  the  pistons  of  about  65  lb.  per  sq.in.,  but 
for  accuracy,  the  mean  effective  pressure  should  be  deter- 
mined by  an  indicator.  Assuming  65  lb.,  the  power  developed 
in  the  steam   cylinders  vrould   be 

65  X  {S  X  254  47  X  300 


33,000 


=  200. .->  hp. 


The  water  consumption  of  steam  pumps  of  this  kind  varies 
with  different  designs,  dryness  of  the  steam  supplied  and 
mechanical  construction.  Under  favorable  conditions,  using 
dry  steam,  the  water  rate  would  be  about  35  lb.  per  hp. 
per  hr.,  making  the  water  consumption  per  24  hr.  run  about 
24  X  35  X  200.5  =  168.420    lb. 


Pipe  Friction — Is  there  a  simple  formula 
friction  in  a  pipe  line  500  ft.  long,  12  in.  i: 
three  90-deg.  ells  an(j  six  45-deg.  ells? 


or   figuring    the 
diameter    with 


J.    A.    P. 


The  formulas  for  flow  of  water  in  pipes  are  founded  on 
mathematical  deductions  from  experiments,  and  are  not  very 
simple.  Elbow  fittings  vary  in  roughness  and  it  is  difficult 
to  establish  a  law  applicable  to  all  cases.  The  friction  of 
elbows  is  usually  quoted  in  the  number  of  feet  of  clean 
straight  pipe  of  the  same  size  which  would  cause  the  same 
loss  of  head  as  the  fitting.  The  loss  of  head  due  to  ordinary 
long  turn  ells  (8  to  12  in.  pipe)  is  taken  as  about  equal  to 
4  ft.  of  pipe  and  for  short  turns  about  10  ft.  of  pipe  and 
45-deg.  ells  would  each  be  equivalent  to  about  7  ft.  of  the 
same  size  of  pipe.  The  loss  of  head  depends  on  the  quantity 
or  velocity  of  flow.  With  3  short-turn  ells  (3  X  10  or  30  ft.) 
and  six  45-deg.  ells  (6X7  or  42  ft.)  the  total  loss  in  a  line 
500  ft.  long  would  be  equivalent  to  that  in  500  -h  30  -f  42  = 
572  ft.  of  straight  12-in.  pipe.  A  general  formula  for  loss  of 
head  in  feet  is 

h  =  f  X  '■;  X  ~ 
d       2g 

in  which 

h  =  Loss    of    head    due    to    friction 

f  =  Multiplier    obtained    by    experimt 
different   sizes    of   pipe 

1    —  Length  of  pipe   in   feet 

d  =  Diameter  of  pipe   in  feet 

V  —  Mean  velocity  of  flow  in  feet  per 

g  =  32.2,  the  acceleration  of  gravit,v. 

Darcy's    general    formula,     founded 
ments,   reduced  to   English   units,   is 

h  =  (0,0109 +±^V'iX^^ 

In  either  of  the  formulas  it  is  to  be  observed  that  the  loss 
of  head  by  friction  is  very  nearly  as  the  square  of  the  veloc- 
ity of  flow  and  as  the  length  of  pipe.  For  rough  calculations 
with  small  pipe  it  is  quite  common  to  figure  the  friction  of 
an  additional  length  of  pipe  as  equivalent  to   each   fitting. 


vhich    varies    for 


extensive     pxpen- 
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Evaporation — III 

EQIIVAI.KXT    KvAl'OKAriON 

By  referring  to  the  sieiiin  taljle  published  with  last 
week's  lesson  it  will  he  noticed  that  the  total  heat  in  a 
pound  of  steam  gradually  increases  as  the  pressure  in- 
creases. Thus,  at  atmospheric  pressure  the  total  heat 
of  a  pound  of  steam  is  1150.4  B.t.u.,  while  at  165  lb., 
abs.,  it  is  1195  B.t.u.  The  heat  required  to  generate 
steam  at  a  pressure  of  125  lb.,  abs.,  starting  with  feed 
water  at  100  deg.,  is  1125.3  B.t.u.  The  proof  is  this: 
The  total  heat  above  32  deg..  as  shown  by  the  steam 
table  is  1190.3  B.t.u.  But  68  B.t.u.  were  already  in  the 
water  because  we  started  with  the  water  at  100,  instead 
of  at  32  deg.,  and  as  1  B.t.u.  will  raise  the  temperature 
of  1  lb.  of  water  1  deg.,  it  is  evident  that  (100  —  32)  x 
1    =   68  B.t.u.  had  already  been  supplied. 

Then,  the  heat  required  to  generate  a  pound  of  steam 
depends  upon  the  pressure  at  which  the  steam  is  to  be 
generated  and  the  temjjerature  of  the  feed  water.  It 
seldom  hapi)ens  that  two  boiler  plants  are  exactly  alike 
in  both  of  these  respects  and,  hence,  when  the  i)erform- 
ance  of  one  plant  is  being  compared  with  that  of  another, 
in  order  to  be  fair,  it  is  necessary  to  have  a  common 
ground  for  comparison.  One  engineer  might  state,  "I 
get  an  actual  evajioration  of  10.5  \h.  of  water  per  pound 
of  coal,"  meaning  that  for  every  pound  of  coal  fired  into 
the  furnace,  10.5  lb  of  water  were  actually  evaporated 
into  steam  under  the  ccjnditions  existing  in  his  plant. 
He  might  think  that  he  was  making  a  better  showing 
than  his  neighbor,  who.  although  using  exactly  the  same 
grade  of  coal,  was  getting  an  actual  evaporation  of  10 
lb.  per  pound  of  coal.  Yet,  when  the  boiler  pressure  and 
feed-water  temperature  in  Ixith  plants  are  taken  into 
consideration,  it  might  be  shown  that  the  man  in  the 
other  plant  was  securing  better  efficiency  even  thougii 
tlie  quantity  of  water  actually  evaporated  per  pouml  of 
fuel  was  somev>"hat  less. 

Assume  that  in  the  first-mentioned  plant  the  steam 
pressure  carried  was  115  lb.  ])er  sq.in.,  abs.,  and  the 
temperature  of  the  feed  water  was  200  deg.,  while  in 
the  second  plant  the  pressure  was  1!)0  lb.,  abs.,  and  llu' 
feed-water  temperature  100  deg. 

In  the  first  plant,  the  heat  r('(|uired  to  geiU'rale  a  pnuiid 
of  steam  was 

Total  Heal  In  Heal  In 

tlie.^team  Keed  Water 

Above  32  Dei:  .\llovc  32  lleg. 

11S8.8  168  =  1020.8    B.f.ll. 

And  in  the  second  plant  the  required  heat  was 


Total  Heat  In 

the  Steam 
Above  32  Dee. 


Heat  In 
Feed  Water 
.\l)ove  32  Deg. 


llii;.3       —       68        =        1129.3  B.t.u. 
In    the    first    plant    10.5    lb.    of    water    were    actually 
(•va])orated  per  pound  of  coal.    Then,  of  the  heat  liberated 
bv  the  combustion  of  1  lb.  of  coal 

1030.8  X  10.5  =  10,718  />'./.«. 
were  absorbed  by  the  boiler  and  went  toward  useful  work 
by  generating  steam. 


Ill  the  other  iilaiit,  10  lb.  iit  water  were  actually 
evaporated   per  pound  of  coal,  yet 

1129.3  X  10  =  li,293  B.t.u. 
or  575  B.t.u.  more  were  absorbed  and  went  toward  use- 
ful  work   than    in    tia-    first    case.      Consequently,   as  th^' 
same  quality  of  coal  was  used  in  each  case,  the  etficieni-y 
of  the  latter  ])lant  was  higher  than  the  former. 

This  example  emphasizes  the  importance  of  having  a 
standard  method  of  compari.son  so  that  the  performance 
of  all  plants,  no  matter  how  widely  the  feed-water  tem- 
perature and  the  steam  pressure  may  vary,  can  be  com- 
pared with  complete  fairness.  The  method  used  is  to 
calculate  the  number  of  pounds  of  water  that  could  be 
evaporated  from  a  feed  temperature  of  212  deg.  iiiio 
steam  at  the  same  temperature  by  the  heat  used  iu 
evaporating  1  lb.  of  water  from  the  feed  temperature 
used  in  the  ]dant  discussed  into  steam  at  the  pressure 
actually  employed  in  that  plant.  The  ratio  of  the 
eva])oration  at  212  tleg.  to  the  actual  is  called  the  ''fac- 
tor of  evaporation."  And  when  the  numiier  of  pounds 
of  water  actually  evaporated  is  multiplied  by  the  factor 
of  evaporation  the  product  is  the  ""equivalent  evapora- 
tion" or  the  eva])oration   '"from   and   at   212  deg." 

The  factor  of  evajioratioii  iiuiv  lie  round  by  the  simple 
formula 

p  =  (^/  —  0  +  ■i-i 
970.4 

where 

F  =  Factor  of  evaporation ; 
//  =  Total  heat  in  the  steam  above  32  deg. ; 
t  =  temperature  of  the  feed  water. 
Applying  this  formula  to  the  first  plant  mentioned  in 
the  example  Just  given,  the  factor  of  evaporation  is  found 
to  be 

U188.8  -  200)  -f  32  ^ 
970.4 

ilultiplying  together  the  pouiiils  of  water  actually 
evajjorated  per  ]iouiiil  of  itial  anil  tlir  factor  (d'  eva]>ora- 
tion.  we  have 

10.5  X  l.OS'i  =  11.05  III.. 
the  equivalent  evaporation  ])er  pound  of  coal.  This  quan- 
tity is  called  tlie  eipiixaleiit  evaporation  because  the  heat 
put  into  11.05  lb.  of  water  at  21"2  deg.  to  make  steam 
at  212  deg.  (atmospheric,  or  14.7  lb.,  al>s.,  pressure)  is 
exactly  the  same  as  the  heat  put  into  the  10.5  lb.  at 
200  deg.  to  make  steam  at  115  lb.,  alis..  jiressure.  Heuce, 
the  two  quantities  are  e(iuival('iit  rroiii  the  standpoint 
of  heat. 

Boii.in;   11oi!si:i'()\v]:t; 

The  name  horsepower  was  originally  applied  to  the 
steam  engine.  James  Watt,  who  did  great  work  iu  the 
eighteenth  century  developing  the  steam  engine,  rated 
Ins  engines  as  being  able  to  do  as  much  work  as  a  cer- 
tain number  of  work  horses,  hence,  the  unit,  horsepower, 
which  has  been  employed  ever  since.     When  it  became 
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desirable  to  apply  a  unit  to  the  output  or  capacity  of  a 
boiler,  the  .same  name  was  employed.  Thus,  a  boiler 
which  could  supply  steam  enough  to  operate  a  100-hp. 
engine  was  called  a  100-hp.  boiler.  But  such  a  standard 
without  further  qualification  was  very  indefinite  indeed. 
First,  because  various  types  and  sizes  of  steam  engines 
require  widely  diflt'erent  quantities  of  steam  per  horse- 
power-hour, and  second,  because  a  boiler  of  given  dimen- 
sions may  be  made  to  generate  steam  at  a  greatly  vary- 
ing rate,   depending  on   how  hard  the   fire  is   forced. 

Finally,  an  e.xact  standard   was  selected  and  a  boiler 
horse])ower  was  established  as  the  evaporation  of  30  lb. 
of  water  per  hour  from  a  feed  temperature  of  100  deg. 
into  steam  at  a  pressure  of  70  lb.,  gage,  or  the  equivalent 
evaporation  of  34.5  lb.  of  water  }>er  hour  from  and  at 
212  deg.     This  standard  suffices  to  determine  the  output 
of  a  boiler  when  in  operation,  but  it  gives  no  means  of 
determining  the  dimensions  of  a  boiler  for  a  given  duty. 
;  In  other  words,  a  man  who  wished  to  purchase,  say,  a 
200-hp.  boilej',  had  no  means  by  which  he  could  calculate 
the  area   of  the   heating  surface  the  boiler  should  pos- 
sess and,  hence,  he  was  forced  to  depend  upon  the  manu- 
facturer's judgment.     To  avoid  confusion  and  misunder- 
standing, it  was,  therefore,  necessary  to  establish  a  stand- 
ard for  the  area  of  heating  surface  necessary  to  develop 
i  one  boiler-horsepower.     At  present,  this  standard  is  gen- 
t  crally  accepted  as,   10  sq.ft.     Thus,  if  a  man  purchases 
la  boiler  of   150-hp.  rating,  he  e.xpects  to  get  a  unit  of 
i  such  dimensions  as  to  possess  1500  sq.ft.  of  heating  sur- 
'  face.     Heating  surface  is  defined  as  that  portion  of  shell, 
!  tubes  and  other  parts  which  is  in  contact  with  the  gases 
I  of  combustion  on  one  side  and  the  contained  water  on 
the  other. 


Qr.vLiTV  OF  Sticam 

Steam  from  practically  all  boilers,  unless  it  passes 
through  a  superheater,  contains  moisture,  that  is,  minute 
particles  of  water  that  has  not  been  changed  from  its 
liquid  form  into  the  true  vaporous  state.  By  innumerable 
e.xperiments  it  has  been  proven  far  beyond  any  doubt 
that  when  a  pound  of  water  at  a  certain  temperature  is 
evaporated  into  steam  at  a  certain  pressure  a  certain 
definite  amount  of  heat  is  required.  Xow,  then,  if  we 
condense  a  pound  of  what  we  assume  to  be  "pure"  steam 
(that  is,  saturated  steam)  by  injecting  it  into  a  known 
weight  of  cool  water  and  then  carefully  compute  the  heat 
it  contained  from  the  rise  in  temperature  of  the  cooling 
water,  we  might  find  that  the  steam  did  not  contain  all 
the  heat  that,  according  to  the  steam  table,  it  should. 
In  such  a  case  we  would  know  that  the  steam  contained 
"moisture"  or  was  "wet." 

The  reason  why  a  pound  of  wet  steam  does  not  con- 
tain all  the  heat  it  should  is  because  the  part  that  still 
exists  as  liquid  water,  no  matter  how  fine  or  minute  the 
particles  may  he,  has  not  taken  up  any  latent  heat. 

Tj  illustrate  with  an  actual  numerical  example,  let 
us  assume  that  we  are  investigating  100  lb.  of  wet  steam 
that  has  been  given  off  from  a  boiler  at  135  lb.,  abs., 
pressure.  According  to  the  steam  table,  a  pound  of  pure 
or  dry  saturated  steam  at  125  lb.,  abs.,  pressure  should 
contain  1190.3  B.t.u.  total  heat  above  33  deg.,  F.,  and, 
hence,  100  lb.  .should  contain  119,030  B.t.u.  If  this 
100  lb.  were  injected  into  6000  lb.  of  water  at  60  deg., 
the  resultant  weight  of  water  would  be  6100  lb.  and  the 


heat  it  should  contain  above  32  deg.  would  be  the  119,- 
030  B.t.u.  before  mentioned  plus  6000  times  the  degrees 
difference  between  33  and  60,  or  168,000  B.t.u.  One 
B.t.u.  being  the  quantity  of  heat  recpiired  to  raise  1  lb. 
of  water  1  deg.,  it  is  evident  that 

6000  X    (60  —  32)   =  168,000  B.t.u. 
would  have  to  be  put  into  the  water  in  raising  it  from 
33  to  60  deg.     Thus,  the  total  heat  above  33  deg.  con- 
tained  in  the   6100   lb.   of  water  should   be 

119,030  +  168,000  =  387,030  B.f.u. 
And,  ns  the  number  of  degrees  in  temperature  above 
'.)'i  deg.  must  be  the  total  heat  contained  in  the  water 
divided  by  the  weight  of  the  water  in  pounds  the  new 
temperature  after  the  steam  has  been  injected  should  be 
33  +  (287,030  -h  6100)  =  79  deg. 

But,  if  the  thermometer  showed  that  the  actual  tem- 
perature was  only  78.6  deg.,  and  if  there  had  been  no 
radiation  loss,  it  would  be  evident  that  there  was  a  de- 
ficiency in  the  heat  added  to  the  water  by  the  steam  of 

(79  —  78.6)   X  6100  =  3410  B.t.u. 
Then,  the  entire  1()0  lb.  of  what  we  assumed  was  steam 
in  actuality   must   have   been   only   part  steam   and   part 
liquid  water. 

Now,  as  the  temperature  of  this  liquid  water  carried 
in  the  steam  is  the  same  as  that  of  the  steam  itself  (if 
for  no  other  reason  than  because  the  steam  and  parti- 
cles of  water  arose  together  from  the  main  body  of  water 
in  the  boiler),  it  is  e\ident  that  the  heat  of  the  liquid 
is  not  deficient,  the  entire  100  lb.  being  at  the  boiling- 
temperature.  Consequently,  the  deficiency  must  all  be 
due  to  the  fact  that  some  of  the  latent  heat  was  not 
absorbed.  This  l>eing  the  case,  the  number  of  pounds  of 
water  not  converted  into  steam  but  sini])ly  floating  in  the 
steam  in  small  particles  (thus  contributing  to  the  weight 
of  the  mass  just  the  same  as  though  it  all  were  steam) 
may  be  discovered  by  simply  dividing  the  number  of 
lacking  B.t.u.  by  the  latent  heat  of  1  lb.  of  steam  at  the 
given  pressure,  135  lb.,  abs.,  thus, 

3440  -^  874.7  =  3.8  lb. 

Then,  of  the  100  lb.  of  what  we  assumed  was  steam 
only 

100  —  3.8  =  97.3  lb. 
or  97.3  per  cent,  really  is  steam.     We  say,  consequently, 
that  the  "quality"  of  this  steam  is  97.2  per  cent.,  or  that 
the  steam  is  "97.2  per  cent,  dry." 

Practice  Prouleiis 

A  boiler  is  running  under  130  lb.,  abs.,  pressure  on 
feed  water  at  160  deg.  What  is  the  factor  of  evai)ora- 
tion  ? 

If  the  actual  total  eva])oration  per  hour  is  8()70  lb., 
what  is  the  number  of  boiler  horsei)ower  being  developed? 

WaHhiiiKtun  Coal  Productiun  in  19l:J — The  coals  of  Wii.sh- 
inKton  have  a  wide  ranse  in  character — from  anthracite  to 
lignite.  The  coking-  coals  of  Washinp;'ton  are  the  onl>'  on-'S 
of  that  grade  on  the  Pacific  coast.  The  coal-niininn'  in- 
dustry of  Washington  has  suffered  considerably  during  the 
last  few  years  from  the  competition  of  fuel  oil  from  Cali- 
fornia, the  former  principal  consumers  of  Washington  coal, 
the  Puget  .Sound  steamers  and  the  railroads,  having  adopted 
petroleum  for  fuel.  The  production  of  coal  in  Washington 
reached  its  maximum  in  1910,  when  the  output  amounted  to 
3.911.S99  short  tons,  according  to  E.  W.  Parker,  of  the  Unit.'d 
States  Geological  Survey,  who  compiled  the  figures  in  co- 
operation with  the  Washington  State  Geological  Survey.  It 
decreased  to  3,572.815  tons  in  1911  and  to  3,360,932  tons  in 
1912.  The  value  fell  oft  considerably  less  in  |)roportion, 
from     $8,174,170    to     $8,042,871. 
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OVER    THE    SPILLWAY 

.irST      JESTS,     JABS,     JOSHES      AND     JUMBLES 


Wish  folks  would  stop  pestering  the  Panama  enprineers. 
A  doubtless  very  wise  old  gentleman,  quoted  as  being  in 
charge  of  "enlarging  the  Amazon  River's  mouth,"  says  the 
Canal  is  too  shallow.  Our  veneration  for  old  gentlemen  on 
the  shady  side  of  70  forbids  our  emitting  a  "spill"  on  an 
enlarged  mouth,  or  we  would  bust  right  out  in  meeting. 

Then,  too,  if  the  Canal  engineers  have  to  spend  much 
more  time  answering  the  criticisms  of  newspapers  and  those 
engineers  who  know  so  much  better  how  to  dig  it  than  the 
men  on  the  job,  we  will  never  get  it  finished. 

A  good  man  and  true  heroically  went  to  death  in  the 
hold  of  the  "Imperator,"  after  saving  hundreds  of  lives.  He 
was  Second  OfBcer  Karl  Gobrecht.  .\nd  the  irony  of  it  all 
is  that  he  was  within  a  few  feet  of  safety  when  the  air 
tulje  of  his  smoke  helmet  and  his  guide  rope  tripped  him  in 
a  companion-way  filled  with  ammonia  fumes   and  smoke. 

They're  toting  out  the  old  Missouri  River  again,  proposing 
to  dam  it.  Well,  go  ahead  and  dam  it.  Dam  it,  and  dam 
it  now!     Show  old  Missouri! 


Our  mail  at  this  writing  lias  many  postcards  showing 
bright,  level-headed  engineers  gazing  into  the  distance — ■ 
probably    trying    to    see    Springfield.      Usually    the    cards    have 

this  legend.      "Our  worthy   and   esteemed   brother, . 

is    a    candidate    for    the    high    office    of,"    etc.      Too    bad    tiiey 
can't  all   be   elected. 


R.  O.  Richards,  in  the  foreword  "Engineer  or  Greaser?" 
of  this  issue,  strikes  deep  into  a  big  subject.  Of  course,  you 
and  I  are  corking  good  engineers,  and  the  foreword  does 
not  include  us.  But,  oh,  the  number  of  wild  greasers  we 
have   known! 


I've  alius  noticed  thet  some  people  air  purty  much  like  the 
guv'ner  of  an  old  Corliss — ther  faster  they  try  to  go,  ther 
higher  up  in  ther  air  they  git. — S,  Kirlin. 


McGraw's  team  the  best-paid  team  we  have?  Only  pik- 
ers! Why,  Charley  Naylor,  chief  engineer,  the  Marshall  Field 
Co.,  just  for  a  diversion,  plays  ball  with  the  Chicago  Retail 
Managers,  whose  salary  checks  would  make  $400,000  look 
like  admission  to  the  movies.  We'd  just  like  to  see  Chief 
Naylor  pitted  against  Chief  Meyers.  Somebody  would  get 
massacreedl 


The  Union  Street  Ry.  Co.,  of  New  Bedford,  has  equipped 
its  storeroom  employees  with  roller  skates:  says  the  skates 
are  timesavers.  .Also  that  the  "operator"  can  climb  a  ladder 
without  removing   the   skates.      Gieat! 


He  Wants  an  E.xplanation — Heie  is  a  letter  from  an 
anxious  reader; 

Gentleman — As  I  read  on  the  cupon  that  the  power  com 
out  every  tuesday  on  the  week,  but  as  I  have  received  Sun- 
day sometimes  monday  and  so  on,  and  now  is  2  weelts  over 
Since  I  did  not  received  anything  at  all  why  Such  things 
happened  I  like  to  know  your  explanation 
truly    yours 

M.4.X  NICHTSAUS. 

We've  been  explanationing  all  our  long  editorial  life,  but — 
Well,  this  stumps  us.  We'll  wish  this  onto  old  Doc.  Knowit- 
all,   the  big  cremo  of  the  "Inquiries"   department. 


Cop's  Courage  Stops  Disaster — Headline.  Oh,  you  funny 
daily    press!       Read    this    extract: 

"Policeman  Krause  and  Street  Sergt.  Wassing,  at  the  risk 
of  their  lives,  daringly  went  through  the  cellar  filled  with 
hissing  steam,  and  turned  off  a  safety  valve.  A  terrific  amount 
of  steam  pressure  was  by  that  time  confined  in  the  boiler, 
and  there  was  imminent  danger  of  an  explosion  that  might 
have   killed  several  people." 


Louis  D.  Brandeis    on  Central-Statioi 
Rates 

SYNOPSIS — Based  upon  court  decisions  in  paralle 
ra.ses,  Mr.  Brandeis'  ojnnion  is  that  where  the  cofsl  o 
producing  and  delivering  electric  energy  is  the  sani 
regardless  of  the  quantity  supplied,  there  is  no  lego 
justification  for  discrimination.  Where  there  is  a  differ 
ence  bctiveen  the  cost  of  making  and  delivering  electri 
energy  to  wholesale  and  retail  consumers,  then  the  dij 
ference  in  the  selling  price  may  not  he  substanil/iil 
greater  than  the  difference  in  cost. 

In  ii  legal  opiniou  submitted  to  the  Uniform  Electric 
Ixiite  Association,  Louis  D.  Brandeis  holds  that  the  pres 
cnt  system  of  rates  charged  by  the  majority  of  centra 
stations  is  discriminatory  and  therefore  illegal.  In  arri\ 
ing  at  this  conclusion,  he  cites  the  court  decisions  i 
several  parallel  cases  of  both  private  and  public-utilit 
corporations.     His  opinion  is  in  part  as  follows: 

AVhere  no  specific  statute  controls  the  actual  or  rela 
live  price  to  be  charged  by  electric  companies  for  thei 
service,  the  right  to  charge  depends,  of  course,  upon  th 
common  law;  and  no  good  reason  exists  why  the  rule 
governing  the  relation  of  electric  companies  to  the  put 
lie,  in  respect  to  charges,  should  differ  from  that  govern 
ing  the  conduct  of  the  business  of  other  imblic-servic 
corporations. 

It  is  well  settled  that  ordinarily  every  public-servic 
corporation  must  give  to  all  members  of  the  public  equf 
opportunities  in  rates  as  well  as  in  service.  A  public 
rcrvice  corporation  may  charge  only  a  reasonable  rate 
but  no  rate  can  be  fair  or  reasonable  which  is  discrimiiin 
tory;  that  is,  which  gives  to  one  class  of  users  a  pretVi 
ence  over  another  class.  This  rule  does  not,  of  course 
prevent  a  reasonable  classification  in  use.  It  merel 
requires  that  all  persons  served  under  similar  condition 
shall  be  treated  alike.  The  first  question  to  be  decide 
is  therefore  this :  Is  a  use  in  large  or  wholesale  quanti 
ties  similar  to  a  use  in  small  or  retail  quantities?  Th 
answer  to  this  question  must  depend  largely  upon  mat 
ters  of  fact.  If  the  cost  of  producing  and  deliverin 
electric  energy  is  the  same  per  unit,  regardless  of  th 
quantity  supplied,  all  things  being  taken  into  considers 
tion,  then  the  user  in  large  or  wholesale  quantities  nuis 
be  deemed  to  be  taking  the  electric  energy  under  sul 
stantially  similar  conditions,  and  no  legal  justificatio: 
exists  for  discriminating  between  them. 

The  rule  forbidding  discrimination  on  the  groum 
of  mere  quantity  of  service  lias  been  recognized  for  ove 
30  years  in  railroad  transportation,  having  been  laii 
down  by  Judge  Baxter  in  the  famous  decision  of  J  oh. 
TIays  £■  Co.  vs.  the  Pennsylrania  Railroad.  In  that  case 
it  appeared  that  the  railroad  company  had  fixed  a  rat 
between  certain  points  at  $1.60  per  ton,  with  a  rebate  c 
from  30  to  70  cents  per  ton  to  all  persons  or  companic 
shipping  5000  tons  or  more  during  the  year — the  amour 
of  rebate  being  graduated  by  the  quantity  of  freigl 
furnished  by  each  shipper.  The  railroad  company  coi 
tended  that  if  the  discrimination  was  made  in  good  fait 
and  for  the  purpose  of  stimulating  the  product  ar 
increasing  its  tonnage,  it  was  both  reasonable  and  ju 
and  within  the  discretion  confided  by  the  law  to  evei' 
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coinmon  carrier.  The  court,  however,  hehl  the  discrimi- 
nation to  be  illegal,  saying: 

The  discrimination  complained  of  rested  exclusively  on  the 
right  of  freight  supplied  by  the  respective  shippers  during- 
the  year.  Ought  a  discrimination  resting  exclusively  on  such 
a  basis  be  sustained?  If  so,  then  the  business  of  the  coun- 
try is  in  some  degree  subject  to  the  will  of  railroad  officials, 
for  if  one  man  engaged  in  mining  coal  and  dependent  on 
the  same  railroad  for  transportation  to  the  market,  can  ob- 
tain transportation  thereof  at  from  25  to  50  cents  per  ton 
less  than  another  competing  with  him  in  business,  solely 
on  the  ground  that  he  is  able  to  furnish  and  does  furnish  the 
larger  quantity  for  shipment,  the  small  operator  will  sooner 
or  later  be  forced  to  abandon  the  unequal  contest  and  sur- 
render to  his  more  opulent  rival.  If  the  principle  Is  sound 
in  its  application  to  rival  parties  engaged  in  mining  coal, 
it  is  equally  applicable  to  merchants,  manufacturers,  millers, 
dealers  in  lumber  and  grain,  and  to  everybody  else  interested 
in  any  business  requiring  any  considei-able  amount  of  trans- 
portation by  rail.  A  discrimination  in  favor  of  parties  fur- 
nishing the  largest  quantity  of  freight  and  solely  on  that 
ground,  is  a  discrimination  in  favor  of  capital,  and  is  con- 
trary to  a  sound  public  policy,  violative  of  that  equality  of 
right  guaranteed  to  every  citizen,  and  a  wrong  to  the  dis- 
favored party  for  which  the  courts  are  competent  to  give 
redress. 

The  mere  fact  that  in  the  ca.se  uf  the  wholesale  cus- 
tomer for  electric  energy,  the  public-service  company 
would  he  .exposed  to  the  competition  of  a  possible  iso- 
lated plant;  whereas,  in  the  case  of  the  retail  customer, 
there  is  no  possibility  of  his  supplying  him.self,  does  not 
afford  any  legal  justification  for  difference  in  charge. 
In  other  words,  the  possibility  of  competition  is  not  to 
be  taken  into  consideration  in  determining  the  reason- 
ableness of  the  classification.  This  proposition  was  also 
clearly  stated  in  a  decision  of  Judge  Baxter  in  the  case 
of  Handy  vs.  the  Cleveland  &  Marietta  Railroad  Co.  In 
that  ease,  the  receiver  of  the  railroad  charged  Wright, 
a  refiner  of  oil,  35  cents  freight  per  barrel,  while  it 
charged  the  Standard  Oil  Co.  only  10  cents  per  barrel 
for  a  like  service,  and  in  addition  gave  it  a  rebate  of 
35  cents  on  all  oil  shipped  by  Wright.  The  justification 
offered  for  this  discrimination  was  that  the  Standard  Oil 
Co.  owned  a  ]Hpe  line  by  means  of  which  it  controlled 
a  large  amount  of  space  which  the  railroad  wished  to 
secure ;  that  the.  railroad  had  to  yield  to  the  oil  com- 
pany's demands,  for  the  company  would  otherwise  extend 
its  pipe  lines  and  carry  all  the  oil  through  them. 

The  Court  held  that  these  facts  constituted  no  excuse 
for  the  discrimination,  saying : 

Railroads  are  constructed  for  the  common  and  equal 
benefit  of  all  persons  wishing  to  avail  themselves  of  the 
facilities  which  they  afford.  All  unjust  discriminations  are  in 
violation  of  sound  public  policy  and  are  forbidden  by  law, 
land  except  in  the  mode  of  using  them,  every  citizen  has 
ithe  same  right  to  demand  the  service  of  railroads  on  equal 
terms  that  they  have  to  the  use  of  a  public  highway  or  the 
government   mails. 

!|  Assuming  that  there  is  a  difl'erence  between  the  cost 
'bf  making,  delivering  and  selling  electric  energy  between 
[the  wholesale  and  retail  consumer,  a  public-service  cor- 
poration can,  in  the  absence  of  any  statutes  regulating 
ipr  limiting  the  price  at  which  it  shall  be  sold,  make  a 
jhigher  price  to  the  retail  customer,  but  the  difference  in 
jthe  selling  price  may  not  be  substantially  greater  than 
jthe  difference  in  cost. 

I  As  to  the  right  of  a  public-service  corporation  to  make 
j^  substantial  difference  in  its  charges,  based  upon  the 
iiroad  purpose  for  which  it  is  used,  namely,  a  difference 

letween  light  and  power,  there  is  more  doubt.  Some 
ilecisions  of  the  state  courts  would  seem  to  justify  such 
jli.scrimination,  but  the  great  weight  of  authority,  as  well 

IS  of  reason,  seems  opposed  to  permitting  any  discrimina- 


tion based  upon  the  use  to  which  the  electric  energy  is 
put,  and,  therefore,  upon  the  facts  assumed  in  the  ques- 
tion, such  discrimination  between  charges  for  electric 
energy  for  power  and  charges  for  electric  energy  for  light 
should  be  held  illegal. 

On  the  other  hand,  the  difference  between  day  use, 
when  the  demand  upon  the  station  is  small,  and  evening 
iLse,  when  the  demand  upon  the  station  is  large,  seems  a 
proper  basis  of  classification  of  service,  and  a  court  might, 
for  this  reason,  upon  the  facts  disclosed  in  a  particular 
case,  hold  that  the  use  for  power,  as  calling  mainly  for 
day  use,  falls  within  a  different  class  of  service  than  use 
for  light. 

It  seems  clear,  however,  that  mere  difference  in  the 
value  of  the  service  or  its  character  to  the  user,  does  not 
afford  any  justification  for   discrimination   in  rates. 

Very  closely  in  point  are  the  decisions  in  regard  to 
the  supply  of  natural  gas.  In  the  case  of  Bailey  vs.  the 
Fayette  Gas  Fuel  Co.,  it  was  held  that  a  natural  gas 
company,  organized  to  supply  gas  for  lighting,  heating 
and  other  purposes,  has  no  power  to  make  a  difference 
in  price  according  to  the  use  to  which  the  gas  is  put 
by  the  consumer;  that  is,  making  a  lower  price  for  gas 
used  for  power  than  where  it  is  used  for  light. 

In  the  case  of  the  Riclimond  Natural  Gas  Co.  vs. 
Ctawson,  the  same  decision  was  reached.  There  the 
company  sought  to  fix  the  price  of  gas  for  fuel  purposes 
at  ISi/^c.  per  1000  cu.ft.,  and  to  those  consumers  who 
used  it  for  both  fuel  and  illuminating  purposes,  at  20c. 
per  1000  cu.ft.  The  court  held  that  this  was  unjust 
discrimination. 

The  Myriawatt 

The  following  are  extracts  from  a  letter  to  the  Electrical 
World  from  W.  D.  Weaver,  its  former  editor,  declaring 
against  the  advisability  of  adopting  the  myriawatt*  as  a 
unit  of  power : 

The  absolute  lack  of  any  scientific  basis  for  the  proposed 
"new  power  unit"  can  easily  be  shown.  It  is  absurd  to  endeavor 
to  perpetuate,  without  possibility  of  further  revision,  a  boiler 
power  rating  based  upon  an  engine  heat  consumption  per 
horsepower-hour  corresponding  to  the  thermal  units  in  34.5 
lb.  of  steam  evaporated  from  and  at  212  deg.  F. — this  at  a 
time  when  a  lengthy  search  would  have  to  be  made  to  find  an 
engine  of  such  inferior  efficiency,  in  a  day  when  steam  prime 
movers  are  sold  on  a  guarantee,  on  the  above  basis,  of  less 
than  10  lb.  of  water,  and  when  a  claim  is  made  for  a  figure 
below  S  lb.  The  decimal  relation  upon  which  the  myriawatt 
rests  is  entirely  fortuitous  in  any  scientific,  or  even  school- 
boy, sense — the  relation  would  actually  be  20  or  30  instead  of 
10  if  the  horsepower  rating  of  boilers  more  nearly  corres- 
ponded with  present-day  engine  efficiencies.  The  funda- 
mental and  sole  base  of  the  proposed  "unit."  the  quantity 
33,479,  or  approximately  ten  times  the  value  of  the  kilowatt- 
hour  in  pound-Fahrenheit  thermal  units  (3415),  is  merely  the 
product  of  34.5  (pounds  of  water)  by  970.4  (thermal  units 
to  evaporate  1  lb.  of  water  from  and  at  212  deg.  F.)  Any 
rating  connecting  a  boiler  with  an  engine  which  is  based 
upon  a  standard  evaporation  is  a  scientific  absurdity,  for  the 
reasons,  among  others,  that  there  is  no  physical  relation  be- 
tween the  boiler  evaporation  and  the  specific  steam  consump- 
tion of  an  engine,  and  that  the  rate  of  evaporation  which 
fixes  the  supply  of  energy  to  the  engine  depends  upon  many 
independent  boiler  variables,  such  as  heati..g  surface;  ratio 
cf  grate  to  heating  surface,  type  of  boiler,  kind  and  quality  of 
coal,  kind  of  draft,  method  of  firing,  etc.  Scientifically  and  prac- 
tically the  "new  unit"  would  have  little  more  status  than  a 
hydraulic  power  unit  based,  in  connection  with  a  "standard" 
head,    upon    the    size    of    a    water-power    dam. 

The  myriawatt,  does  not  in  a  single  particular  differ  from 
the    existing    trade    horsepower    boiler    rating    except    in    name 


•See  the  following  issues  for  previous  ninttcr  on  the  sub- 
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and  in  un  increase  of  about  2  per  rent,  in  value.  The  grave 
practical  fault  of  a  boiler  rating:  based  upon  a  standard  evap- 
oration— a  fault  which  has  prevented  the  use  of  such  a 
rating  in  Kurope,  has  led  to  its  entire  neglect  in  this  country 
by  the  marine  engineering  profession  and  by  boiler  designers, 
and  to  its  little  use  by  technically  educated  engineer^  in  gen- 
eral— is  that  it  does  not  even  give  a  close  clew  to  the  size  of 
a  boiler  for  a  specific  service.  For  example,  the  boilers  at 
the  Detroit  Delray  generating  station,  which  would  be  rated 
in  the  proposed  nomenclature  at  2365  myriawatts  each,  are 
said  each  to  supply  steam  for  the  generation  of  7500  kw. 
Again,  a  boiler  of  100  myriawatts  actual  on  the  basis  of 
natural  draft  and  anthracite  coal  for  fuel  would,  say.  increase 
to  125  myriawatts  actual  with  good  soft  coal,  to  150  myria- 
waats  actual  with  high  chimney  draft,  and  to  200,  300  or  more 
myriawatts  actual   with   forced    draft. 

Although  a  matter  of  relatively  little  moment,  the  name 
of  the  "new  power  unit"  is  also  not  free  from  objection, 
both  as  relates  to  the  prefix  "myria"  and  to  the  status  of 
the  "ten-thousand"  metric  multiple.  While  the  word  from 
which  it  is  derived  mtans.  in  Greek,  ten  thousand,  in  English 
it  has  the  indefinite  significance  of  "a  great  number."  Even 
the  French  have  halted  at  the  "myria"  metric  nomenclature, 
which  has  never  received  practical  adoption  in  France  or 
elsewhere.  The  reason  is  perhaps  that  it  was  unconsciously 
felt  to  be  illogical  to  i  .-e  a  unit  that  would  compel  one  to 
think  in  terms  of,  say.  four  ten-thousands  instead  of  forty 
thousand. 


Dedication  of  Keokuk  Plant 

The  huge  dam  across  the  Mississippi  River  and  the  water- 
power  plant  at  Keokuk.  Iowa,  described  in  our  issue  of  Aug. 
5,  were  formally  dedicated  on  Aug.  26.  The  occasion  was 
celebrated  with  a  parade  through  the  business  streets,  formal 
exercises  at  Rand  Park,  a  regatta  on  Lake  Cooper,  the  title 
given  the  artificial  lake  formed  above  the  dam,  and  elaborate 
fii-eworks  in  the  evening.  Many  prominent  men  made  ap- 
propriate addresses,  among  them  being  Governor  George  W. 
Clarke,  of  Iowa,  I^ieutenant-Governor  W.  R.  Painter  of  Mis- 
souri. Lieutenant-Governor  W.  L.  Harding,  of  Towa,  former 
Representative    William    P.    Hepburn    and    Judge    William    Lo- 


rathei-  from  the  viewpoint  of  an  instructor  and  is  more 
adapted    to   the  classroom   than   to    home   study. 

The  subject  is  introduced  by  a  chapter  on  mathematii:il 
principles  which  is  followed  by  a  very  lucid  explanation  of 
the  current  actions  in  the  dynamo,  after  which  the  authm 
plunges  into  the  rudiments  of  design  involving  theory  jiii'l 
mathematical  treatment.  It  does  not  go  fai-  enijugh  into  tli  ■ 
problems  of  design,  however,  to  be  of  service  to  the  elec- 
trical designer.  Interspersed  with  these  are  practical  con- 
siderations  on    the   care   and    operation   of   dynamos. 

The  second  half  of  the  book  deals  with  alternating  ciij - 
rent  machinery,  the  elementary  considerations  of  which  aii- 
presented  clearly.  An  attempt  has  been  made,  however,  to 
cover  too  much  ground  in  too  little  space  which  has  made  it 
necessary  to  only  very  bi-iefly  touch  upon  certain  important 
classes    of    electrical    machinery. 

FACTORY  LIGHTING.  By  C.  E.  Clewell.  Published  by  11  — 
Graw-Hill  Book  Co.,  New  York.  1913.  Size  6x9  in.;  Kil 
pages.      Price.    ?2. 

It  is  now  geneially  recognized  that  good  lighting  is  a 
large  factor  in  practically  all  lines  of  manufacture,  beinj 
an  aid  to  good  workmanship,  health  of  the  employees  and 
a  reduction  in  manufacturing  costs.  The  book  aims  to  li  U 
in  a  simple  way  how  to  obtain  good  lighting,  but  inst'^Ml 
of  pi-escribing  set  rules,  actual  installations  are  made  tin- 
basis  for  analysis  and  explanation  so  that  they  may  1" 
useful   in   similar   problems    under   varying   conditions. 

Chapters  are  devoted  to  General  Items  and  Requirements 
of  Illumination  Design.  Lighting  Installation  AA"ork,  Lighting 
Maintenance  and  Records.  Office  Lighting.  Drafting  Room 
Lighting.  Factory  Lighting.  Power  House  Lighting,  Iron  and 
Steel    Mill    Lighting    and    Machine    Tool    Lighting. 

In  the  chapter  on  Power  House  Lighting,  the  engine  room 
boiler  i-oom,  coal  bins  and  conveyors,  and  the  transformer, 
oil  switch  and  busbar  compartments  are  considered  sep.i- 
rately.  Where  the  ceiling  is  low  or  of  medium  height  it  is 
shown  that  a  large  number  of  medium  sized  tungsten  lamps 
give  more  satisfactory'  results;  v^^hereas  with  a  high  ceiliri,- 
a  smaller  number  of  lamps  of  high  candlepower  are  p<i - 
missihle. 


A    New    Society    for  Uniform  Electric 
Rates 

Prompted  by  the  knowledge  that  present  central  station 
activities  are  breaking  into  the  legitimate  field  for  their 
products,  a  number  of  manufacturers  of  small  power-plant 
equipment  have  formed  an  organization  known  as  "The  Uni- 
form Electric  Rate  Association."  The  sole  object  is  to  agi- 
tate for  a  uniform  charge  for  electric  energy,  sold  by  central 
stations,  by  appealing  to  state  public-service  commissions 
and  by  prosecuting  illegal  rate  discrimination  by  such  cor- 
porations throughout  the  United  States. 

The  membership  is  open  to  any  mechanical  or  electrical 
engineer  in  public  practice  or  any  person,  partnership  or  cor- 
poration engaged  in  the  manufacture  of  individual  power- 
plant  apparatus.  All  expenses  connected  with  the  organi- 
zation and  the  prosecution  of  its  purposes  are  met  by  volun- 
tary  contributions. 


NEW     PUBLICATIONS 


The  regular  meeting  on  Aug.  23  uf  Minnesota  Association 
No.  2  (Minneapolis)  of  the  National  Association  of  StationaT\' 
Engineers  was  one  of  the  b*'st  attended  and  most  enthusiastic 
meetings    it    has    held    this   year. 

State-President  Mueller,  chief  engineer.  Washburn-Crosby 
Co.,  who  was  a  delegate  of  the  American  Society  of  Mechan- 
ical Engineers  to  Germany,  was  present  and  gave  an  inter- 
esting and  instructive  talk  regarding  his  trip.  Iminediately 
after  his  address  he  was  presented  with  a  gold  watch  charm 
by  the  association  in  appreciation  of  his  efforts  during  the 
past  year  as  chairman  of  the   educational  committee. 

Peter  Ulstrom,  chief  engineer  of  the  C.  A.  Smith  Lumb  r 
Co.,  who  left  Minneapolis  for  Oregon  some  months  ago  t  - 
act  in  the  same  capacity  for  the  .Smith  interests  in  that  sta  .■ 
was  also  present,  having  returned  to  again  assume  charge  uf 
the  Minneapolis  plant.  He  presented  the  association  with  a 
hand-carved  gavel,   which    he  had  made   in   Oregon. 

Following  the  meeting  all  present  were  invited  by  State- 
president  Mueller  to  an  informal  lunch  at  Schieks  Caf&,  an-1 
about    75    accepted    the    invitation. 

At  the  next  meeting  of  the  association.  September  1". 
Jlr.  Mueller  will  discuss  the  German  and  Swiss  industri,?s 
tliat    he   visited  while  abroad. 


MANUAL  FOR  ENGINEERS.  Compiled  by  Charles  E.  Ferris, 
Professor  of  Mechanical  Engineering.  University  of  Ten- 
nessee and  published  by  the  University  Press.  Size,  3x6 
in.,   170   pages;    flexible   leather.      Price   50c. 

This  is  in  no  sense  an  engineering  handbook,  but  rather  a 
little  volume  of  vest-pocket  size  containing  various  useful 
tables  and  data  such  as  the  engineer  is  often  called  upon  to 
use  in  solving  problems  offhand.  It  also  contains  instruc- 
tions to  be  followed  in  the  case  of  electric  shock,  shop  in- 
juries, antidotes  for  poison,  etc..  all  of  which  should  make  the 
book  useful   to  the   active   construction  or   operating  man. 

THE  MOTOR  AND  THE  DYNAMO.  By  .Tames  L.  Arnold.  Pro- 
fessor of  Electrical  Engineering,  New  York  University. 
The  Chemical  Publishing  Co..  Easton.  Penn..  1913.  Cloth; 
6x9  in.;   17S   pages,   illustrated.      Price.   $1.50. 

Although  intended  to  meet  the  needs  of  both  the  college 
student    and    the    practical    electrician,    the    book    is    written 


PBRvSONALvS 


Lockwood.  Greene  &  Co.,  architects  and  engineers  for 
industrial  plants.  60  Federal  St.,  Boston,  Mass..  have  estab- 
lished a  Canadian  office  under  the  name.  Lockwood,  Greene 
&  Co.,  of  Canada,  Ltd.,  with  headquarters  in  the  McGill  Build- 
ing,  Montreal. 

Fred  R.  Low,  editor  of  "Power,"  returned  Aug.  28,  from 
an  extended  trip  abroad,  .\fter  attending  the  joint  meeting 
of  the  American  Society  of  Mechanical  Engineers  with  the 
Verein  Deutscher  Ingenieure,  in  Germany,  .Tune  19  to  ,Tuly  S. 
he  visited  the  principal  industries  connected  with  the  power 
field  in  that  country  and  also  in  Switzerland.  France,  Bel- 
gium,   England    and    Scotland. 
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Coal  Products  Company's  Power  Plant 


By    S.    (i.    AltTINGrSTALL,    .Tn. 


SYNOPSIS — The  main  features  of  thi.?  plant  arc  found 
in  the  type  of  engines  installed  and  the  method  of  piping 
the  units.  Tivo  live-steam  headers  run  parallel  wilh  the 
boiler  room.  The  size  of  the  headem  and  branch  pipes 
from  the  boilers  arc  fnirh  as  to  prevent  loss  of  pressure 
due  to  liigh  sfeniii    relodhj. 

The  Coal  Products  Co.,  Joliet,  111.,  luis  recently  put  into 
operation,  near  that  city,  a  new  plant  con.sisting  of  35 
Koppers  improved  byprodnct  coke  ovens  and  other  ap- 
paratus, having  a  daily  caiJacity  of  450  tons  of  foundry 
coke,  3,550,000  cu.ft.  of  illuminating  gas,  and  the  nsual 
quantities  of  tar  and  ammonium  sulphate. 

A  bird's-eye  view  of  the  plant,  taken  during  the  course 
of  erection,  is  shown  in  Pig.  1.  At  the  left  are  the 
office  and  byproducts  buildings;  the  double  building  in 
the  center  is  the  power  house,  and  in  front  of  it  tlm 
machine  shop.  The  taller  chimney  is  for  the  coke  ovens, 
which  at  the  time  of  photographing  were  not  completed  ; 
the  inclined  conveyors  carry  coal  and  coke  to  their  re- 
]3ective  crusher  and  storage  buildings.  At  the  right  is 
the   crane  for   handling  the   emergency  supply   of  coal. 


features  are  brought  out  in  the  design  of  the  piping 
terns,  which  are  made  in  duplicate  or  as  interchange: 
as  possible,  so  that  a  cmniilete  shutdown  will  not  be  ne 
sary  in  order  to  make  rei>airs. 

BuiLUl.XCi 

The  liuilding,  comprising  tlie  boiler  auil  engine  roc 
a  plan  of  which  is  shown   in   Fig.  'i.  is   (HxiyO-ft.  in 
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and  in  the  distanfp  iii  seen  the  Desplaines  Iiiver  and  the 
Chicago  Drainage  Canal. 

In  a  plant  of  this  character,  it  is  absolutely  essential 
that  an  uninterrupted  supply  of  water  and  electric  cur- 
rent be  maintained,  and  although  the  equipment  in  the 
power  house  is  more  or  less  standard,  some   interesting 


dimensions.  It  is  constructed  of  red  ]javers  over  common 
bricks,  which  are  left  rough  in  the  boiler  room  and  plas- 
tered in  the  engine  room — the  latter  being  painted  green 
to  a  height  of  10  ft.  above  the  floor,  and  the  balance 
calcimined  white.  The  roof  has  steel  trusses  and  jiurlius 
on  which  is  laid   a  covering  of  cement  tiles.     Tlie  rock 


Septi'inl.cr  Ifi.  1913 


P  ()  W  E  1! 


38i 


coiiK's  1(1  thr  surface  of  the  ground  at  this  point,  there- 
fore no  basement  is  provided,  both  iloor.s  beijig  phiced  on 
the  same  level — as  shown  in  Fig.  3.  All  underfoot  piping 
is  placed  in  trenches  covered  with  removable  checkered 
steel  floor  plates. 

Pjoileu  Eoom 

The  boiler-room  equipment  consists  of  four  vertical 
water-tube  boilers,  designed  for  160-lb.  working  pressure, 
rated  at  305  lip.  on  the  basis  of  10  sq.ft.  of  heating  sur- 


each,  space  being  left  for  one  future  battery.  An  .S.xl75- 
ft.  radial  brick  chimney  furnishes  the  draft,  aided  by  a 
20-in.  turbine  blower  for  each  boiler.  The  blowers  are 
set  in  the  outer  casing  of  the  boilers  and  deliver  air 
through  the  hollow  bridge-wall  to  openings  under  tiic 
grates,  the  supply  being  regulated  by  dampers  operated 
from  the  front  of  the  furnaces.  The  speed  of  the  blowers 
is  governed  by  a  damper  regulator,  but  the  dampers  in 
the  uptakes  to  the  smoke  breecliing  are  adjusted  by 
hand. 
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Fig.  4.  Engine  "Room 

face  per  horsepower ;  they  are  equipped  with  snperheatei'.s 
to  give  125  deg.  of  superheat.  The  settings  are  special, 
in  that  the  dutch-oven  furnaces  are  extended  to  give  8S 
sq.ft.  of  grate  surface.  The  grates  are  the  pin-hole  type 
with  T^-in.  holes,  the  fuel  used  being  coke  breeze,  hand 
fired. 

The  boilers  are  arranged  in  two  batteries  of  two  units 


The  boiler  feed,  taid<  and  service  pumps  and  the  heater 
are  arranged  in  a  row  at  tlic  end  of  the  boiler  room,  as 
iudicatod  in  Fig.  2. 

EXGIXK  IJooit 

In  the  engine  room,  Fig.  I,  (hen'  are  three  19x21-in. 
Lentz  engines,  directly  connected  to  three  '250-kw.,  850- 
volt  D.-C.  generators. 

The  power  is  distributed  tbinugli  a  l(>-iia]icl  mai'lde 
switchboard.  Fig.  5,  thence  by  an  iiiidiMgi-oiiiid  system 
1(1  the  \arious  buildings  ab(jtit  the  plant. 

Three  cross-compound,  single-stage  gas  compressors 
compress  the  gas  to  -iO  lb.  per  sq.in.  and  deliver  it  to 
an  8-in.  main  leading  to  Aurora  and  the  more  distant 
towns. 

Two  rotary  blowers  of  4.'?  cu.fl.  per  revolution  capacity 
furnish  gas  to  the  low-pressure  system  for  the  City  of 
Joliet.  One  of  these  blowers  is  coupled  to  a  35-  and 
the  other  to  a  7y2-hp.  330-volt  D.-C.  motor,  the  latter 
being  used  as  a  spare  unit. 

The  dry-vacuum  pumji  for  the  condenser  and  the  heat- 
ing-systeni  vacuum  pump  are  also  located  in  the  engine 
room.  An  18-in.  barometri(  condenser  is  situated  just 
outside  the  building  at  the  end  of  the  main-e.xhaust  line 
from  the  engines  and  com])ressors. 
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Watkh  Piping 

All  piping  coimectiiig  with  the  pumps  and  healer  is 
arranged  to  give  the  maxiimim  flexibility,  ar.d  at  the 
same  time  is  simple.  The  two  service  punijjs  and  tlie 
iieater  pump  are  interchangeable,  and  can  take  water 
from  the  standpipe  or  hotwell  and  deliver  it  to  the  hot- 
)r  cold-service  system  or  to  the  heater,  or  all  the  pam])s 
^an  be  bypassed  and  the  heater  take  its  sujiply  directly 
from  tlie  standpipe  l)y  gravity. 

Both  boiler-feed  pumps  can  take  water  from  the  stand- 
jipe,  hotwell  or  heater;  while  one  is  feeding  the  boilers, 
:he  other  may  be  delivering  water  for  washing  pur]ioses. 
:here  being  two  mains  running  parallel  to  and  in  front 
3f  the  boilers  for  these  requirements.  A  hose  connection 
for  each  battery  and  the  boiler-feed  branches  to  each 
w)iler  arc  connected  to  both  of  these  mains. 

Prjir  House 

The  house  and  tlie  pump  supplying  water  to  the  stand- 
lipe  are  situated  about  lOdil  ft.  away.  A  channel  blasted 
)ut  of  the  rock  connects  the  suction  pit  to  the  main  chan- 
nel of  the  river.  The  equipment  consists  of  two  motor- 
:lriven  8-iu.  centrifugal  pumps,  each  connected  through 
•lutomatic  starters  to  float  .switches  in  tb.c  standpipe. 
One  of  the  floats  is  .situated  near  the  top  at  the  regular 
n-ater  line,  and  the  other  about  half-way  down,  so  that 
if  the  upper  one  fails  to  operate,  the  lower  one  will  rut 
in  the  idle  motor  before  the  standpipe  is  empty.  A 
double-throw  switch  on  the  panelboard  in  the  pump  house 
reverses  the  floats,  and  is  thrown  once  a  month  so  that 
each  motor  gets  an  equal  share  of  tlie  work. 

Live-Steam  Pipixg 

The  system  of  live-steam  piping  consists  of  two  head- 
ers, running  parallel  to  and  in  back  of  the  boilers  to  tho 


rule  oi'  a  velocity  of  6000  ft.  per  minute  would  not  ap])ly 
for  superheated  steam,  on  account  of  the  excessive  loss  in 
temperature  at  the  tlirottlc :  on  the  other  hand,  it  is 
well  known  that  as  the  velocity  increases  the  pressure 
decreases,  until  the  advantage  gained  in  holding  the 
superheat  is  more  than  offset  by  the  resulting  drop. 
Therefore,  a  medium  has  been  struck  between  these  two 


Fig. 
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extremes,  and  4-in.  pipes  for  the  headers  and  branches 
from  the  boilers,  and  3-in.  pipes  to  the  receivers  were 
installed.  The  receivers  are  of  ample  capacity  to  pre- 
vent fluctuations  and  wire  drawing,  and  are  heavily 
lagged  with  85-per  cent,  magnesia.  Eeceivers  for  the 
engines  are  placed  directly  on  the  throttle  and  those  for 
the  compressors  on  the  wall. 

It  was  considered  more  economical,  from  the  stand- 
point of  upkeep,  to  operate  the  compressors  with  lc>s 
superheat  than  that  used  for  the  Lentz  engines,  wliirh 
are    made    especially    for    high    superheat.      The     re- 


PRINCIPAE  EQriPMEXT  OF  THE  COAL  PRODT'CTS  m 
Type  Purpose  Kw .  \nlf^  Amp,  U. 


POWER  PLANT 


Equipment 

4     Boilers Verf .  W.T Steam  Generation 

4     Superheaters Foster 125  degrees  S.H. . . 

Grates Pin-hole. Furnace 

4     Blowers Turbine.  ....    .Draft 

1     Regulator Speneer Blowers 

1  Chimne.v Radial  Brick Draft 

3     Engines Lentz,  Simple.  .  .  .  Main  Units 

3     Generators Direct  Current..    .  Main  Units 

3     Compressors Single-Stage  Com- 
pound   Gas 

2  Blowers Rotary Gas 

1     Condf:i  . T Barometric Main  Units. .  .      . 

1     Pump Dr>-  ^"acuu^l Condenser 

1  Pump Vacuum Heating  System  .  . 

2  Pumps Duplex  O.C.P BoUer  Feed 

3  Pumps Duplex Service  &  Heating 

1     Heater Open Boiler  Feed 


VariaWe        20 


Prcs. 
UiO 
IKO 

IBO 


Manufacturer 
Eric  City  Iron  Works 
Power  Specialty  Co. 
Erie  City  Iron  Works. 
L.  .1.  Wing  Mfg.  Co. 
Thiimp.son.  Richards  <S:  Co 
Hi-inicke  Chimney  Co 
Erie  City  Iron  W'orks. 
Wostinghouse      Elec.      & 
Mfg    Co. 

IiigersoU-Rand  Co. 

r  .iincrsville  Blower  Co. 

.\!i..  rt-fT  Condenser  Co. 


Col 


Co. 


olida 


•d  Engineering 


1     Switchboard.. 


.  Fisher Ser\*ice  Pumps. 

.  Slarbie Electrical     Disi 

bution 


end  of  the  boiler  room,  then  turning  at  right  angles  ami 
continuing  to  the  byproducts  building,  as  shown  in  Fig. 
2.  Connections  to  these  headers  are  made  from  the  boil- 
ers and  to  the  engines.  Fig.  3,  A  U-bend  in  each  header, 
aljout  in  the  center,  takes  care  of  the  expansion,  which 
is  divided  up  by  means  of  anchors ;  A  walk  on  a  level  with 
the  headers  gives  a  means  of  easy  access  to  all  the  valves. 

Full-weight  pipe  is  used  with  semi-steel  screwed 
flanges,  semi-steel  fittings  and  valves,  the  latter  having 
nickel  seats,  di.sk  rings  and  nickel-steel  rising  stems.  A 
double-thick  covering  of  85  per  cent,  magnesia  insulates 
the  entire  system. 

In  designing  the  live-steam  piping,  advantage  has  been 
taken  of  past  experience,  which  has  shown  that  the  usual 


I  Hughes  Pump  Ct. 
S-SJ-IU  in.  I  anton  Hughes  Pump  C" 

4  Stillwell-Rierce  &  Sn.ith- 

\  aile  Co. 
;  in  Fisher  Governor  Co. 

Ill  pan  .1.  Lang  Electric  Co. 

ceivers  for  the  coni])ressors  arc,  therefore,  placed  on  i!> 
wall  and  some  distance  away  and  connected  to  the  tliioi- 
tle  with  a  5-in.  pipe  to  reduce  the  velocity  of  the  steam. 
Provision  is  al.so  made  to  keep  a  stream  of  water  circu- 
lating through  these  receivers  to  kill  the  su]H'rheat.  if  it 
is  found  necessary. 

This  system  has  fulfilled  all  expectations,  as  shown 
by  actual  operating  conditions;  the  drop  in  pressure  is 
slight,  and  very  little  superheat  is  lost.  The  receivers, 
acting  as  reservoirs,  counteract  any  disadvantage  due  to 
the  smallness  of  the  piping,  and  at  the  same  time  the 
total  radiating  .surface  is  reduced  fully  30  per  cent. 
Another  advantage  is  the  cost:  the  smaller  fittings, 
valves,  etc.,  creating  quite  a  saving. 
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ExiiArsT  1'tping 

Exliiiiisl  steam  from  {\\v  pi-iiiie  movers  is  carried  in  a 
)-iii.  mam  at  the  compressors,  increasing  to  18  in.  at 
(■  ciiiiines,  and  is  made  of  i/^-in.  material  with  van- 
one  joints.  Expansion  is  taken  n})  in  corrugated-cop- 
ir  expansion  joints. 

The  condenser  at  the  end  ol'  the  exhaust  main  gives  a 
i-in.  \acuiim.  ^^■itil  the  aid  nt  a  (li'\-\aenuni  [lunip.     The 


condenser  draws  its  injection  water  directly  from  the 
standpipe,  by  means  of  its  own  vaeiuim. 

Exhaust  steam  from  tlie  auxiliaries  is  carried  to  the 
heater,  which  raises  the  boiler-feed  water  to  aliout  '.'on 
deg.  F. 

The  plant,  as  a  wjiole,  has  ])roved  very  economical  as 
to  operation  and  maintenance,  and  the  live-steam  piping 
is  rather  exceptional  when  eompared  witli  the  piping 
usiiallv  found   in   the  a\eraL;e   imwii-  house. 


Feed-Water  Heating  for  Locomotives 


rNOrSJS — Feed-waler  hralhui  /,<  //rx/  considered  as 
its  beneficial  effects  un  the  txiilcr  mid  llic  rcqiareiiwuls 
'  a  good  fieater  are  set  forth.  Fiiialli/.  coinparativc  rc- 
<lts  are  slioivn  for  locomutiic  jiriKticc  of  tlic  snniKjs 
oin  feed-water  lieatinc/  irlirn  iisiiuj  sntitntlcd  steam, 
oderate  superheat  and  lilc/li  sujirrlicat. 

One  practical  advantage  occurring  from  the  use  of  a 
ed-water  heater  is  the  greater  protection  given  the 
)Ller  by  reason  of  the  lesser  temperature  changes.  While 
eam  at  170  lb.  gage  has  a  tenipeialure  of  about  3?5  deg. 
,,  that  of  the  water  in  tlu'  temlei'  usually  rises  but  little 
love  the  teni])eratui'e  oj'  the  walei'  taken  in.  and  in  win- 
r  the  walei'   in   the   teiidei-   is  eocded   down   to  near   tlie 
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eezing  point.     Of  eoui'se.  feeding  is  not  done  at  this  low 

niperature,  for  with  the  injector  the  water  is  warmed 

irhaps  78  to  90  deg.     Nevertheless,  in  winter  there  are 

be  found  in  the  boiler  ail  temperatures  between  120 

id  375  deg.   F.     The.se  temperature  changes  give  rise 

distortions  resulting  in  leakage  at  the  rivet  joints  and 

the  tube-sheet.     When  feeding  with  water  heated   (o 

>5  deg.  the  temperature  in  tlie  lioiler  remains  more  uni- 

rm.      In   this  case,   lictween   the   points  of  lowest   and 

ghest  temperatures  thei-e  obtains  a  difference  of,   say, 

'5  —  ?65  =  110  deg.  against  375  —  132  =  253  deg. 

ithout  a  heater.    A  further  safeguard,  introduced  by  the 

e  of  a  feed-water  heater,  is  that  the  sediment  and  scale 

e   no   longer   deposited   alone    in    the   boiler   but   to   a 

•Translated  in  abstract  by  Wm.  F.  Monaghan  from  a  re- 
nt contribution  to  "Zeitschrift  des  Vereines  Deutscher  In- 
nieure."   by  I.iidwigr  Schneider. 


hirge  extent   in  the  heater  M'here  Ihev  ai'e  less   injurious. 

From  the  foregoing,  two  essentials  may  he  advanced  as 
necessary  in  the  design  of  the  heater.  First,  it  should  per- 
mit of  the  depcsit  of  the  sediment  at  some  dead  point 
that  it  may  not  be  carried  into  the  boiler  where  it  might 
prove  troublesome  at  the  check  valve,  or  injure  the  in- 
jector or  the  pump  if  these  lattei-  he  located  between  the 
heater  and  the  boiler,  ami  the  construction  should  be 
siieh  as  will  readily  adiiiii  of  cleaning.  However,  .scale 
which  may  develop  on  the  heater  shell  is  harmless,  as  the 
metal  is  not  exposed  to  the  action  of  the  fire.  From  the 
standpoint  of  easy  cleaning  preference  is  to  be  given  to 
that  type  of  heater  where  the  water  flows  through  straight 
tubes  rather  than  to  thai  where  the  tubes  are  surroundeil 
liy  the  water,  and  also  to  (Mjiupai'atively  large  tubes  rather 
than  small  ones. 

In  addition  to  the  mineral  matter  separated  from  the 
water  by  the  heater  the  dissolved  air  and  carbonic  acid 
are  expelled;  this  also  operates  strongly  toward  preserva- 
tion of  the  boiler  surfaces,  and  in  locomotives  provided 
with  feed-water  heaters  pitting  and  the  formation  of  I'ust 
are  decidedly  less  marked. 

i'reheating  the  feed  water  avoids  the  sudden  pressure 
drop  in  the  boiler  on  starting  the  injector.  Along  with 
the  advantages  of  simplicity,  light  weight  and  small  space 
requirement  the  injector  has  the  disadvantage  that  in 
practice  its  delivery  volume  can  be  but  slightly  varied. 
On  grounds  of  safety  it  is  proportioned  to  meet  the  maxi- 
mum demand  possible  and  is  thus  only  intermittently  in 
use,  whence  its  steam  consumption  is  large  as  its  eflficiency 
is  only  .5  or  6  i)er  cent.  .Vdded  to  the  high  steam  coii- 
siiinptiou  under  forced  duty,  H  to  it  per  cent,  of  that  of 
the  engine,  the  introduction  into  the  lioiler  of  compara- 
tively low-temperature  feed  water  induces  pressure  drops 
which  are  very  annoying  under  operating  conditions.  If 
the  injector  forces  the  feed  through  a  heater  before  enter- 
ing the  boiler,  or  if  it  be  drawn  through  one  by  a  pump, 
and  raised  to  a  temperature  of  218  to  265  deg.  the  pres- 
sure dro]is  in  the  boiler  while  feeding  are  materially  less- 
e I. 

The  theoretical  suction  lifts  of  the  injector  and  the 
discharge  temperatures  due  to  the  suction  temperatures 
are  shown  in  Fig.  1  for  boiler  pressures  of  156,  184  and 
213  lb.  The  results  attained  in  practice  do  not  fully 
agree  with  the  values  given,  owing  to  incomplete  con- 
densation in  the  injector  and  heat  and  friction  losses.  The 
actual  temperatures  of  delivery  lie  somewhat  higher;  the 
suction  heights  somewhat  lower.  In  any  case  the  tem- 
perature of  the  discharge  is  certainly  below  818  deg.  F. 
A^'ith  a  feed-water  temperature  of  50  deg  that  of  the  dis- 
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charge    I'roiii    thu    injector,    under   normal   londitioiis,   is 
about  140  deg. 

The  ordinary  injei-tor  refuses  to  lift  water  at  a  tem- 
perature of  104  deg.  F.  The  manipulation  of  the  so 
called  hot-water  injector,  which  operates  with  a  suction 
temperature  of  even  213  deg.,  is  too  complex  for  use  so 
far  on  locomotives.  Steam  pumps  used  for  feeding  de- 
liver, under   usual   boiler  pressures,   hwui    IdO  tu   l-")0  lb. 


wits 


Feed  Water  Temperotop  . 
po-.^  Degrees  Fahrenhe'it  ' 

Fig.  3.  Coal  Consumt- 
TioN  OF  Simple  En- 
gine AS  Dependknt 
ON  Feed-Watei! 

TEMD'HATUliE 


Feed  Wa+er  Tempera+ore, 
Degrees  Fahrenheit 


Fig.  ;{.  Coal  Consump- 
tion OF  Compound  En- 
gine as  Dependicnt 
on  Feed-Wateu 

TeMI'EK  ATUliE 


of  water  per  pound  of  steam  consumed  as  against  only  15 
lb.  by  an  injector.  In  ailditiou  the  e.xhaust  from  the 
pump  can  be  utilized  for  heating  the  feed  water,  and  its 
delivery  volume  can  be  simply  and  ])ositive!y  varied  with- 
in wide  limits. 

Economy  and  Tiieoiiy  of  Puehkaiing 
The  process  of  heat  transfer  from  the  hot  gases  to  the 
boiler  eoutents  resolves  into  two  divisions,  or  with  com- 
])ound  engines  into  three.  In  the  first  place  the  water 
must  be  heated  to  the  evaporating  temperature.  This. 
with  a  boiler  pressure  of  about  313  lb.,  is  represented  by 
3!)2  deg.  To  heat  the  feed  water  from  50  to  393  deg. 
there  must  be  supplied  to  each  pound  approximately  343 
B.t.u.  The  latent  heat  of  evaporation  under  these  con- 
ditions amounts  to  833.5  B.t.u.  The  total  heat  expendi- 
ture for  the  generation  of  steam  at  a  pressure  of  about 

a  =  fVM  Safuraied  S.feom 
b  =  With  72  Degrees  Superheat     c  '  With  216  Degms  Superheat 


LM 

^  18 

/ 

,Ve 

YiW/ 

n^  14 

/v  ^ 

n"'2 

/// 

5  10 

/// 

/// 

"--     8 

/// 

//^ 

^ 

W 

o     A 

w 

W 

2 

Jr 

/ 

^ 

/ 

212    266 
Feed  WciferTempero+ur« 
Degrees  Fbihrenheii 


212     266 
rempe 
Degrees. Fa  nrenheit 


Fig.  4.  Saving  in  Coal    Fig.  5.  Saving  in  Coal 
THROUGH  Heating  Feed  through  Heating  Feed 
Water  with  Simple  Water  with  Com- 

Exgine  pound  Engine 


lb.  from 


lb 


thus 


if  water  at  a  IcmjK'rature  of  50  deg.  is 


343  +  833.5   =   1170.5 
If  the  steam  be  superheated  to  600  deg.  there  will  be  the 
further  requirement  expressed  by  the  product  of  the  tem- 
perature increase  and  the  average  specific  heat;  or  for 
the  foresoing. 


(GOO  —  393)    X  0-553  =   114.2  li.l.n. 
I'nder  this  assumption  the  total  heat  absorption  ain 
to 

1176.5  +  114.3  =  1290.7  B.l.u. 
Xow  if  the  feed  water  be  heated  first  by  exhaust  steam 
to  312  deg.,  there  will  result  a  saving  of  163  B.t.u.  The 
heat  transfer  within  the  boiler  is  lowered,  in  the  case 
of  saturated  steam,  by  13.8  per  cent.,  and  in  the  ca.se 
(if  suporheated  steam  by  13.5  per  cent.,  and  assuming 
that  preheating  of  the  feed  water  does  not  change  the  effi- 
ciency of  the  boiler  these  values  represent  at  the  same 
time  the  saving  in  fuel.  As  a  matter  of  fact,  due  to  the 
maintained  cleanliness  of  the  boiler,  resulting  from  the 
use  of  a  heater,  its  efficiency  is  raised  and  the  percentages 
given   will  even  be  exceeded.     The   \alucs   presented  in 
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Figs.  3  to  6  for  constant   boiler  efficiency  arc,  however, 
calculated  without  reference  to  this  favorable  conditimi. 
Also  for   the   assumed   boiler  efficiency   and   steam    mn- 
sumption    it   was   sought   to   maintain   coal-consumpi  i- 
values  easily  reached  in  ]iractice,  so  that  there  is  no  r-  '  1 
for  distrust  of  the  calculated  results.     The  heat  vain 
the  coal  is  estimated  at  12,635  B.t.u.,  and  the  boiler 
ciencies,  inclusive  of  the  superheaters  for  (a)  as  7i' 
cent.,  for  (b)  as  70  per  cent.,  and  for  (c)  as  67  per  > .  u 

The  simple  engine,  with  saturated  and  with  superhcntri 
steam,  may  be  first  considered.  When  operating  with- 
out preheating  the  feed  water,  superheating  the  steam 
results  in  a  coal  saving  of  15.5  per  cent. ;  with  coincident 
preheating  and  superheating  this  saving  drops  in  a  re- 
markable way  to  13  per  cent.,  and  with  the  feed  water 
preheated  to  266  deg.  F.  the  .saving  amounts  to  only  12.5 
per  cent.  Thus  the  influence  of  feed-water  heating  on 
the  utility  of  superheating,  insofar  as  it  is  expressed  in 
coal  consumption,  is  similar  to  that  of  multiple  ex])an- 
sion :  that  is,  it  lessens  the  relative  economies  so  little 
that  there  is  no  question  of  the  virtue  of  superheating. 

A  like  consideration  of  the  compound  engine  shows 
that  high  superheating  without  feed-water  heating  yields 
a  savin,o'  of  coal  of  10. .5  ])er  cent,  as  ojiposed  to  saturated 
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steam.  Heating  tin.'  feoil  water  to  ''\''  (leg.  l'\  sliow's  a 
saving  of  8  per  ceut.  and  with  preheating  to  266  deg.  a 
saving  of  7.5  per  cent.  The  hiw  thus  holds  good  for 
both  simple  and  compound  engines. 

Based  on  tlie  coal  consumptions,  as  of  Pigs.  2  and  3,  a 
graphic  series  may  be  arranged  as  in  Fig.  6  for  simple 
iuid  compound  locomotives  using  saturated  or  highly 
superheated  steam  or  with  a  steam  dryer.  These  show  18 
:lilferent  conditions  of  operation,  from  the  simple  engine 
using   saturated    steam    and    without   feed-water   heating 


Fig. 


LocoMOTivi';  AviTii   Fi;i:i)  Hi'M'ii.i;  i\   I'i'I'ake 


md  burning  3.85  lb.  of  coal  per  hor^e])ower-hour  meas- 
ured at  the  rail,  to  the  compound  engine  using  steam  of 
liigh  superheat  and  with  preheated  feed  water  and  ron- 
jiuming  8.508  lb.  per  li]).-hr.,  a  ratio  of  100  to  65. 
I  A  feed-water  temperature  of  about  312  deg.  F.  can  be 
jeached  by  condensing  in  a  suitable  heater  the  exhaust 
Irom  the  air  and  boiler-feed  pum])s  and  using  in  addition 
I  part  of  the  main  exhaust.  T(i  heat  a  given  quantity 
fP  lb.)  of  feed  water  from  50  to  212  deg.  there  will  be 
lleeded,  of  dry  exhaust  steam,  an  amount  represented  by 
jie  quotient  of  tlie  latent  heat  of  steam  at  atmospheric 
essure  into  the  temjierature  range  of  heating,  or 

970.4        0 

other  words,  for   preheating,   aliout    one-sixth   of  the 

haust    is    neces.sary.      The    aii-purap    exhaust    may   be 

itimated  at  3  per  cent,  of  that  from  the  engine  cylinders 

Arhour;  the  boiler-feed  pnm))s.  with  an  hourly  feed  de- 


livery of  /'"  pounds,   will  furnish   in  pounds  of  exhaust 
steam  about 

100 
then  if  these  quantities  be  supplie<l  to  the  heater  there 
will  be  a  further  requirement  of  about  one-eighth  of  the 
main  exhaust.  In  view  of  the  moisture  in  the  steam  this 
figure  will  be  somewhat  increased  so  that  it  may  be  taken 
as  one-seventh  of  that  exhaust  when  operating  with  super- 
heated steam  and  one-sixth  with  saturated  steam.  In 
general  it  will  be  of  advantage  to  regulate  this  quantity 
of  steatn  to  suit  the  amount  of  feed  at  any  given  time  in 
order  that  the  blast  may  not  be  unnecessarily  depreciated. 
The  heat-transferring  surface  of  the  heater  may  be  cal- 
culated iiy  means  of  the  formula 


,S' 


•t 


where  t"?  is  the  heating  surface  in  square  feet;  Q  the  quan- 
tity of  heat  to  be  transferred  per  hour  in  B.t.u.,  c  the  co- 
efficient of  heat  transference,  and  t  the  average  tempera- 
ture diil'erence  of  the  steam.  The  area  thus  obtained  is 
to  be  increased  by  a  certain  amount  to  allow  for  losses 
due  to  incrustation  and  to  outward  radiation ;  an  amount 
dependent  on  the  hardness  of  the  water  and  the  design 
of  the  lieater.  This  method  gives  a  heating  surface  for 
the  feed-water  heater  of  about  -^^  to  Vis  of  that  of  the 
boiler. 

The  author  refers  to  feed-water  heaters  utilizing  the 
waste  gases  and  used  alone  or  in  combination  with  those 
where  heat  is  absorbed  from  the  exhaust  steam,  and  in- 
c-ludes  a  number  of  other  curves  and  formulas  and  repro- 
ductions of  interesting  drawings  and  photographs  of 
domestic  and  foreign  practice,  notalily  the  Gaines  mctho<l 
used  on  the  Central  of  Georgia  R.R.  in  this  country,  em- 
ploying both  of  the  types  of  heaters  referred  to  and  a  re- 
ciprocating feed  pump,  and  the  odd  designs  in  u.se  (m  the 
Egyptian  State  Railroads,  one  of  which  is  shown  in  Fig.  7. 

Compensating  Device  for  Water 
Measurement 

Tlieiv  are  a  number  of  water  meters  on  the  market, 
some  of  which  are  \erv  good,  when  cold  water  only  has 


Compensating  Nozzle 


to  be  dealt  with,  but  the  number  of  meters  which  can 
accurately  integrate  and  record  the  flow  of  hot  water 
such    as   boiler   feed    in    the   hot-well    tank    in    the    power 
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house  is  liiiuted.  Of  those  wliich  give  the  best  i-esiills, 
probably  the  most  successful  form  is  that  which  depends 
for  its  mensurcmotit  on  the  flow  of  wjiter  over  it  weir 
oi'  notch. 

L'onsidering  this  flow,  tlie  law  eunuectiug  the  rate  at 
whicli  the  water  is  discharged  over  the  weir  and  the 
depth  of  water  over  the  weir  is  in  the  nature  of 

R  =  K  S  yJT) 

w  here 

h'  is  t!ie  rate  of  discharge  at  any  lime; 

D  is  the  depth  of  water  over  the  weir; 

.s'  is  the  submerged  area  of  the  weir ; 

A'  is  a  constant  which  includes  the  coefficient  of  dis- 
charge. 

It  will  be  seen  that  this  is  a  c(jniple\  forniula,  in  which 
one  of  the  varial)les  follows  tlu'  squai'c-root  law.  Where 
each  rate  of  discharge  has  to  be  cakadated  independently, 
the  expression  is  sufficiently  simple  to  allow  the  calcula- 
tion to  be  carried  ottt  easily,  but  for  an  integrating  or 
recording  instrument  in  which  measurements  have  to 
be  taken  continuously  and  automatically,  the  ue.Kt  step 
in  the  simplification  of  the  instrument  is  to  elimiintte, 
if  possible,  the  square  root  in  the  foregoing  expression. 

In  the  instrument  constructed  by  Alexander  Wright 
&  Co.,  London,  a  device  has  been  applied  which  consists 
in  making  the  orifice  of  the  weir  somewhat  in  the  form 
illustrated  herewith,  in  which  the  breadth  of  the  weir  is 
made  inversely  proporticmal  to  the  square  root  of  the 
corresjionding  depth  at  any  level,  with  the  result  that 
the  dejnh  liecomes  directly  proportional  to  the  flow.     The 


sides  of  the  notch  arc  obviously  a  logarithmic  curve. 
With  this  notih  it  is  possible,  by  means  of  a  float  and 
connection  to  a  recoiding  pen  on  a  rotating  drum  to 
draw  curves  showing  the  rate  of  discharge  at  any  instant 
on  an  evenly  divided  vertical  scale,  and  a  curve  of  this 
descri])tion  is  obxioiisly  much  moi'e  siin|ile  of  measuic- 
nn'iit  than  one  in  which  the  vertical  heights  follow  tlu> 
square-root   law. 

A  second  device  is  incorpoialcd  in  the  water  nieter 
as  regards  the  method  of  integrating.  A  ground-glas.s 
plate  is  mounted  in  a  horizontal  position  in  gear  with 
the  clock  which  drives  the  chart  drum.  This  revolves 
on  a  vertical  axis  at  a  uniform  rate.  The  float  rod  which 
is  moved  ujnvard  or  downward  iu  accordance  w-ith  the 
(!e])th  of  watef  in  the  weir,  has  connected  to  it  a  small 
index  and  driving  wheel  which  is  moved  outward  from 
the  center  of' the  glass  as  the  float  rises.  The  wheel  is 
rotated  by  friction  with  the  ground-glass  disk,  and  obvi- 
ously the  further  out  that  it  proceeds  from  the  center 
of  the  disk  the  more  rapid  is  its  travel  in  a  given  time. 
In  this  way  the  number  of  rotations  of  the  index  wheel 
iu  a  given  time  is  varied  automatically,  and  through  a 
very  line  series  of  gradations  according  to  the  variations 
of  the  depth  of  water  in  the  weir.  The  action  is  accu- 
rate, immediate  and  simple,  and  in  this  way  the  integra- 
tion is  readily  obtained.  | 

It  will  be  seen  therefore  that  this  "Precision"  water ' 
meter  is  capable  of  being  adapted  to  a   large  range  of 
water   measurements,   the   rate   of   flow   being    indicated 
on  the  chart  and  the  total  amount  of  water  being  shown 
ou  the  index  in  plain  flgures. 


Distribution  of  Heat  in  Steam  Boilers 


SYX(>FSIS~.[    shuh/    of    Ihr    Inssi's 

steam    luiilrr   and    some    Icsl    rcsiil/s 
hoiJer  rffi( 'n'licij  tras  iiierrascd . 
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In  accordance  with  the  recent  recommendations  oi  the 
power-tests  committee  of  the  American  Society  of  Me- 
chanical Engineers,  a  iialance  accounting  for  the  dis- 
tribution of  heat  in  a  pound  of  dry  coal  fired  consists  of 
the  following  items:  1.  Heat  absorbed  by  the  boiler.  2. 
Loss  due  to  evaporating  and  superheating  moisture  in 
coal.  3.  Loss  due  to  evaporating  and  su])erheating  mois- 
ture formed  by  the  combustion  of  hydrogen  and  distilla- 
tion of  oxygen-hydrogen  compounds  in  the  coal.  -t.  Loss 
due  to  heat  carried  away  by  dry  flue  gases  leaving  the 
boiler.  5.  Loss  due  to  heat  escaping  through  the  forma- 
tion of  carbon  monoxide  (CO).  6.  Loss  dtie  to  com- 
bustible removed  from  ashpit  and  from  grates  dtiring 
cleaning.  7.  Loss  due  to  superheating  moisture  in  the  air 
used  for  combustion.  8.  Loss  due  to  unconsttmed  hydrogen 
and  hydrocarbons,  to  radiation  and  unaccotinted  for. 

IlicAT  Cai:hii:i)  Away  by  Vlvf.  Oases 

Of  the  items  enumerated,  -1,  5  and  6  generally  con- 
stitute about  75  per  cent,  of  the  heat  lost,  and  are  the 
variable  factors  which  have  a  direct  effect  on  the  percent- 
age of  heat  imparted  to  the  water.     The  loss  Avhieh  is  gen- 


•Presented  by  Perry  Barker,  fuel  engineer  of  Arthur  D. 
Little,  Inc.,  at  tlie  fifth  semi-annual  meetins;  of  the  American 
IiLstitute    of   Chemical    Eng-ineers.    Boston,    Mass. 


erally  the  largest  and  in  the  majority  of  cases  most  ea>ily 
reduced  is  the  heat  carried  away  by  the  dry  flue  gases 
escaping  from  the  boiler.  Lender  this  heading  are  in- 
cluded the  ,seiisible  heat  in  the  carbon  dioxide  and  carbon 
monoxide,  if  any,  and  the  heat  in  the  exce.ss  air.  The 
loss  depends  upon  the  weight  of  gases  per  pound  of  car- 
bon burned  together  witli  the  temperature  at  which  the 
gases  leave  the  boiler.  The  data  which  are  required  for 
this  computation  are  the  temperature  of  the  flue  ga.^^es, 
temperature  of  the  boiler  room,  composition  of  the  flue 
gases,  the  heat  valtie  of  the  coal  and  the  carbon  content 
of  the  fuel  and  ashpit  refuse. 

Several  tests  conducted  in  a  plant  in  which  the  loss  of 
heat  in  the  fltte  gases  was  originally  high  are  submitted 
in  Tests  A  of  Table  1.  The  plant  in  (|ues-tioii  consisted 
of  hantl-fired  horizontal  return-tubular  boilers  equipped 
with  ])lain  grates  upon  which  Penn.sylvania  semibitumiu- 
ous  coal,  containing  about  9  per  cent,  of  a.«h  and  22  ]ier 
cent,  of  volatile  matter,  was  burned.  Tlie  fires  were  car-  • 
ried  at  a  thickness  not  exceeding  7  in.  and  were  uneven,  ■ 
thereby  permitting  a  large  air  excess.  Increasing  the 
thickness  of  the  fire  and  altering  the  methods  of  firing 
resulted  in  a  reduction  of  the  loss  of  heat  due  to  excess 
air  from  36  to  13  per  cent.,  with  a  resultant  increa-se  of 
about  20  per  cent,  in  the  boiler  efficiency. 

Loss  FROM  Carbon  ^Ioxoxide 

The  loss  of  beat  due  to  the  incom})lete  combustion  of 
(■arbon  to  cai-lion   monoxide   is   usually  an   important  fae- 
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iile  the  presence  of  carbou  monoxide  shows  that      oJ'  the  combustibk!  is  taken  as  14,600  B.t.u.  per 


some  heal  is  lost  through  incomplete  combustion,  a  small 
peveentage  of  this  constituent  generally  indicates  that  the 
air  excess  is  reduced  as  low  as  practicable.  A  small 
amount  of  smoke,  as  evidence  of  the  jireseuce  of  carbon 
monoxide,  is  a  more  convincing  indication  of  economical 
furnace  operation  than  a  smokeless  stack  whicli  may  be 
emitting  several  hundred  per  cent,  of  excess  air. 

The  extent  of  this  loss  is  dependent  upon  tlie  percent- 
age's of  carbon  monoxide  and  carbou  dioxide  as  deter- 
mined by  the  flue-gas  analysis,  the  heat  vahie  ol'  the  coal 
aud  the  percentage  of  carliuii  in  llic  coal  fired  ajid  in  the 
ashpit  refuse. 

Besults  of  se\eral  tests  iu  a  ])laiit  where  the  loss  due  to 
imburned  gases,  as  indicated  by  the  presence  of  carbou 
monoxide  was  partii'ubudy  high,  are  shown  in  Tests  B  of 
Table  1.  The  l)oiler  equipment  consisted  of  hand-fired 
\ertical  titbular  boilers  having  shaking  grates.  Coal  from 
the  Georges  Creek  field,  containing  approximately  18 
per  cent,  of  volatile  matter  was  burned.  The  high  loss 
due  to  incomjjlete  combustion  was  not  attributed  to  the 
character  of  the  coal,  although  it  had  been  proved  that 
the  furnace  sjiace  in  the  boilers  was  not  sufficient  to  burn 
(I  als  containing  higher  percentages  of  volatile  nuitter 
without  the  production  of  excessive  amounts  of  smoke, 
indicating  a  large  less,  due  to  incomplete  combustion. 
Aside  from  the  question  of  furnace  design,  the  primary 
cause  of  the  high  percertages  of  carbon  monoxide  was 
the  thickness  of  the  fires.  Bj'  reducing  the  thickness  from 
3ii  to  \'i  iu.  aiid  changing  the  method  of  firing,  the  loss 
(liic  to  this  factor  was  reduced  from  14  to  1  per  cent., 
with  a  corresponding  increase  in  l)oiler  eflnciency. 

Asiti'iT  Loss 

In  the  (ipcralion  u'i  a  boihu'  plant  a  certain  ]>ercentage 
of   the   fuel    wliicli    is   fed    to   tlie   furnace   drops   tlirough 


la 
special  cases  where  cami)h^te  boiler  tests  are  not  made 
and  the  weights  of  coal  and  aslipit  refu.se  are  not  ob- 
tained, the  percentage  of  the  heat  in  the  fuel  removed 
with  the  ashpit  refuse  and  cleanings  can  be  computed 
fi'om  the  analysis  of  this  material  and  the  determination 
of  the  percentage  of  ash  in  the  coal  as  fired.  In  calculat- 
ing this  item  by  the  latter  method  the  assumption  must 
lie  nuide  that  the  ])ercentage  of  asli  obtained  by  the  proxi- 
mate analysis  of  the  fuel  represeuts  the  inert  nuitter  in 
the  ash  and  refuse  removed  from  the  ashpits  aud  the  fur- 
naces; that  is,  no  account  is  taken  of  the  ash  which  is 
carried  off  the  grates  and  deposited  iu  the  combustio]i 
eluuidier,  upon  the  water-lieating  surface  or  lost  up  the 
stack.  A  series  of  tests  which  indicate  the  extent  to 
which  ibis  hiss  can  be  reduced  are  given  in  Tests  C  of 
Table  1.  This  jihint  was  equipped  with  inclined  grate 
stokers  tipon  which  Tittsburgh  slack  coal  was  burned. 
The  excessive  rate  at  which  the  fuel  was  burned  to  main- 
tain the  required  capacity  caused  deterioration  of  the 
grate.s,  which  allowed  large  amounts  of  unburned  coal  to 
fall  into  the  ashpits.  By  careful  attention  to  grate  re- 
paii-s  and  methods  of  operating  the  stokers  the  boiler  effi- 
ciency was  increased  approximately  1(1  per  cent. 

Loss  Drio  TO  IIvdrocikx 

The  percentage  of  hydrogen  in  vaiious  eoahs  is  not 
an  indication  of  tlieir  relative  A'aluc  when  huriied  for  the 
generation  of  steam.  The  essential  feature  in  determin- 
ing the  effect  of  this  constituent  in  the  process  of  com- 
bustion is  the  form  in  which  it  is  available  in  the  furnace. 
Hydrogen  which  is  dri\en  off  in  the  uneombined  state 
and  burned  by  mixing  with  the  oxygen  from  the  air  sup- 
l>ly  is  a  valuable  factor  as  it  develops  about  four  times 
tlic  heat  generated  liy  an  equal  percentage  of  carbon.  For 
tlie  ]>uri)use  of  this  discussion  the  llieorv  of  the  code  of 


TAKLE  L     DECREASE  OF  LOS.SES  DUE  TO  FLUE-GAS  TEMPERATURE,  CARBON    MONOXIDE   AND    UNBURNED    FUEL 


1.  Loss  due  to  heat  carried  away  by  the  dry  flue  j;as<?s    .  ,    . 

2.  Loss  due  to  evaporating  and  superheating  moisture  in  coal 
and  moisture  formed  by  the  combustion  of  hydrogen  and 
distillation  of  oxyhydrogen  compounds 

3.  Loss  due  to  heat  escaping  through  the  formation  of  carbon 
monoxide 

4.  Loss  due  to  combustible  removed  from  the  ashpits  aud 
from  the  grate  during  cleaning 

Total  determined'  losses 

5.  Loss  due  to  uncousumed  hyflrogeu  and  hydrocarbous,  to 
radiation  and  unaccounted  for  (assumed  constant  for  all 
tests)  

6.  .\pproximate  percentage  of  hr-at  absorbed  by  the  boiler  or 
boiler  efficiency  (by  difference) 


(Original 

Condition! 

3.3-9 


-Tests   A- 


Improvement 

Effected 

10  0  12.4 


-Tests  C- 


2.7 
0  0 


Tofr.l. 


S  9 
49.3 
100.0 


70.4 
100.0 


21.3 

8.9 
09.8 
100.0 


3   3 
20.3 


0.0 
39.1 


3.3 
19.1 
0.0 


the  grate  ninl  is  i-einovcd  from  the  ashpit.  An  addi- 
tional quantity  of  unl)urned  coal  is  drawn  from  the  grates 
in  hand-fired  plants  when  the  fires  are  cleaned.  If  the 
coal  is  fine  or  noncaking  and  the  grates  contain  large  air 
spaces,  excessive  amounts  of  fuel  drop  into  the  ashpits, 
t'ertaiu  coals  clinker  badly  under  some  conditions  of  op- 
eration and,  therefore,  during  the  removal  of  this  clinker 
large  amounts  of  unburned  coal  are  drawn  from  the  fires. 
Another  cause  of  this  loss  is  the  frequent  barring  or  rak- 
ing of  the  fires  when  a  fine  or  noncaking  coal  is  iised. 

The  ashpit  loss  wliich  also  includes  the  combustible 
removed  dui'iug  cleaning  is  determined  from  the  weight 
of  this  material,  the  percentage  of  combustible  which  it 
contains  together  M'ith  tiie  weight  of  the  dry  coal  fired. 
For  the  purpose  of  this  computation  the  heating  value 


the  American  Society  of  Mechanical  Engineers  for  the 
loss  due  to  hydrogen,  is  accepted.  This  theory  assumes 
that  all  hydrogen  contained  in  the  fuel,  together  witli  an 
equivalent  amount  of  oxygen  in  the  form  of  water  is 
raised  from  boiler-room  temj)erature,  evaporated  in  the 
furnace  and  is  eventually  superheated  to  the  temperature 
of  the  escaping  gases.  The  amount  of  lieat  lost  in  this 
manner  depends  upon  the  composition  of  the  fuel,  the 
temperature  of  the  boiler  room  and  the  temperature  of 
the  escaping  ga.ses  In  addition  to  the  loss  due  to  evap- 
orating and  .superheating  the  moisture  formed  by  the 
combusljon  of  hydrogen  and  l)y  the  distillation  of  oxy- 
hydrogen compounds,  a  small  loss  is  incurred  by  sub- 
jecting the  moisture  in  the  fuel  and  in  the  air  used  for 
combustion  to  these  ])rocesses. 
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Increasing  interest  in  the  economical  operation  of 
boiler  plants  has  resulted  in  marked  improvement  in  effi- 
ciencj'  in  the  majoritj'  of  the  plants  where  this  matter 
has  been  given  careful  attention.  An  illustration  of  the 
distribution  of  heat  in  a  boiler  plant  which  was  operat- 
ing with  high  efficienc}'  before  tests  were  made  for  con- 
templated improvement  is  shown  in  Table  2.  This  plant 
consisted    of   large    units   of   Climax    water-tube    boilers 

TABLE  2.      PLANT  OPERATIXC:   AT  HIGH  EFFICIENCY 

Original  Improvement 

Conditions  Effected 

1.  Loss  due  to  evaporating  and  superheating 
moisture  in  coal  and  moisture  formed  by  the 
combustion  of  hydrogen  and  distillation  of 

ox>'hydrogen  compounds 4.0  ;>.h  3.JS 

2.  Ix^  due  to  heat  carried  awav  bv  the  dry 

flue  gases U.4  10.1  118 

3.  Loss  due  to  heat  escaping  through  the  for- 
mation of  carbon  monoxide '.  0.9  1.3  0.4 

4.  Loss  due  to  combustible  removed  from  the 

ashpits  and  from  the  grate  during  cleaning. .  O.G  O.S  0.9 

TotiU  determined  losses 19.9  16.0  16.9 

5.  Loss  due  to  unconsumed  hydrogen  and  hy- 
drocarbons, to  radiation  and  unaccounted 

for  (assumed  constant  for  all  tests) S.O  S.O  8.0 

6.  Approximate  percentage  of  heat  absorbed 
bv  the  boiler  or  boiler  efficiency  (by  differ- 
ence)         72.1  76.0  75.1 

Total 100.0  100.0  lOO.O 

equipped  with  circular  grates  which  were  fired  through 
a  number  of  doors.  It  will  be  noted  from  the  tabulation 
that  considerable  loss,  due  to  the  formation  of  carbon 
monoxide,  occurred,  but  this  waste  is  more  than  counter- 
balanced by  the  particularly  small  percentage  of  com- 
bustible removed  from  ihe  ashpits  and  furnaces.  The 
amount  of  combustible  in  this  material  averaged  about 
12  to  15  per  cent.,  representing  a  fuel  loss  of  from  0.5 
to  1  per  cent.  Although  the  operating  conditions  in  this 
plant  were  excellent,  still  greater  care  in  the  methods  of 
firing  effected  an  increase  in  boiler  efficiency. 


Mexican   Boiler  Explosion 

By  T.  E.  Dutton 

Tlie  accompanying  photographs  show  tlie  results  of  a 
rec-ent  boiler  explosion  in  Mexico.  There  were  four 
125-hp.  fire-tube  boilers  in  a  row,  and  a  smaller  one 
behind  them.  One  of  the  center  boilers  exploded,  de- 
molishing the  setting  of  all  the  boilers.  The  exploded 
boiler  was  thrown  forward  about  50  ft.  It  was  made 
with  two  sections  and  the  front  plate  tore  away  from 
the  rear  plate,  shearing  nearly  all  of  the  rivets  on  the 
girth  seam.     The  from  i'!i!>>.  avIu'  i'   fniled,  ripped  along 


over  the  fire.  It  was  found  badly  corroded  and  extremely 
tliin  in  places,  whidi  was  no  doubt  the  cause  of  lln» 
explosion. 

One  fireman  was  killed  and  another  injured.  Tlii^ 
accident  happened  at  night  and  but  few  men  were  about. 

Even  a  superficial  insjiection  would  have  exposed  the 
state  of  the  boiler,  but  boiler  inspectors  are  an  unknown 
c|uantity  down  here  in  ^Icxico. 

Settled  Ten  Feet  but  Kept  on  Running 

1'>Y   T.    Peacock 

If  a  stationary  engine  on  a  stone  (ir  coiurcte  foundation 
were  out  of  level  by  the  fractional  part  of  an  inch,  mo.st 
engineers  would  consider  that  leveling  up  would  be 
highly  essential  for  safe  operation.  The  following  in- 
stance shows  what  can  be  done  in  case  of  necessity,  and 
the  circumstances  are  probablj-  without  parallel. 

The  case  referred  to  is  that  of  a  compressor  u.sed  for 
furnishing  blast  to  copper  converters  at  the  United  Verde 
Copper  Co.'s  smelter  at  Jerome,  Arizona.  It  is  a  cross- 
compound  engine  with  duplex  air  cylinders,  built  by  the 
Southwark  Foundry  &  Machine  Co.  in  1902.  The  steam 
cylinders  are  28-  and  52-in.  diameter  by  60-in.  stroke, 
while  the  air  cylinders  were  originally  S)6-in.  diameter. 

In  Xovember,  1910,  the  air  cylinders  were  changed 
to  60  in.  At  that  time  the  engine  was  slightly  out  of 
level,  but  it  was  urgently  needed,  and  there  was  no  time 
to  level  it  up.  The  cause  of  the  engine  being  out  of 
level  was  the  subsidence  of  old  mine  workings  under 
the  power  house,  and  several  other  large  blowing  engines 
and  compressors  were  also  more  or  less  out  of  level.  The 
Southwark  engine  was  got  ready  for  work  in  January, 
1911,  and  was  put  on  continuous  21-hour  service. 

Shortly  after  the  engine  was  started  the  subsidence  of 
the  power  house  increased  to  an  alarming  extent,  the 
concrete  floor  and  walls  of  the  building  cracking  in 
several  places.  A  boiler  room  containing  16  Scotch  ma- 
rine boilers  stood  next  to  the  power  hou.«e  and  the  caving 
area  extended  under  the  boilers,  causing  considerable 
trouble  from  leaking  steam  pipes  and  connections. 

It  was  then  decided  to  move  the  whole  of  the  machin>  iv 
and  boilers  from  the  area  of  subsidence  to  a  new  .-iie 
as  quickly  as  possible.  Xew  air  compressors  for  the  miiie. 
driven  by  electric  motors,  furnished  with  power  from  a 
hydroelectric  power  plant  were  installed  and  it  was  only 
necessary  to  set  up  10  of  the  Scotch  boilers.     These  were 
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lOved  to  sai'u  foiuiilations,  along  with  two  Allis  bluwini;- 
igiiies  I'or  couverter  work.  A  new  steam  tiirbine-diiveii 
irbo-blower  large  enough  to  furnish  blast  for  all  the 
jnverters  was  ordered.  Meanwhile  another  large  Nord- 
jrg  blowing  engine  was  wrecked  by  the  subsidence,  and 

was  necessary  to  keep  the  Southwark  lilowing  engine 
inning  constantly  at  a  reduced  speed,  in  conjunction 
ith  the  Allis  engines,  in  order  to  furnish  sufficient  blast 
)  keep  the  smelter  going  at  two-thirds  of  its  capacity. 

The  Southwark  engine  was  run  steadily  until  March 
6  of  this  year,  when  the  new  turbo-blower  was  put  in 
peration,  and  it  was  kept  in  running  order  until  April 
7,  when  the  work  of  moving  it  to  a  new  foundation 
as  begun.  It  was  run  for  a  short  time  as  late  as  April. 
2,  and  during  several  months  it  was  stopped  only  occa- 
onally  for  a  few  hours  to  lengthen  the  steam,  exhaust, 
r  air-discharge  pipes  between  the  point  of  suspension  on 
le  roof  of  the  power  house  and  the  engine,  as  the  sub- 
dcnce  under  the  engine  was  greater  than  under  lhr 
alls  of  the  building,  necessitating  swing  joints  in  the 
ipes  to  take  care  of  the  constantly  increasing  distance 
?tween  the  main  pipes  and  the  engine,  in  addition  to 
le  occasional  insertion  of  12  or  !•")  in.  in  each  pipe. 

The  ])hotograph  was  taken  on  April  1(1.  19 12,  the  day 
dove  the  engine  wa.s  dismantled  for  removal.  The  white 
ne  is  a  chalk  line  exactly  level  and  set  two  feet  below 
le  original  level  of  the  lloor. 


i<;\(iiXK  Still  Ki!n'nin<;  .\ftei;  Skti'lino  fhom 
2  Ft.  amove  the  Cii.u.k   IjIxi-: 


The  engine  foundation  was  one  solid  block  of  masonry 
with  concrete  top,  the  only  opening  in  the  foundation 
being  a  narrow  pit  for  the  flywheel.  It  is  probably  due 
to  this  solid  form  of  foundation  that  the  engine  was  kept 
running  under  such  extraordinary  coiulitions,  as  all  the 
other  engines  in  the  same  power  house  had  separate 
foundations  under  each  side  of  the  engine,  and  most  of 
them  moved  out  of  parallel  during  the  subsidence,  either 
by  the  separate  foundations  coming  together  or  moving 
a])art,  i  result  which  expcrit^ncc  showed  could  not  be 
prevented    by   any    aiimunt    lA'   linilicr   struts   or  tie-rods. 

Large  Shipment    of    Blowing    Engines 

Tlu'  Mesta  Machine  Cu..  I'ittsburgh,  Pcnn.,  has  jui^t 
nuule  a  shipment  of  three  large  blast-furn;ice  blowing  en- 
gines, built  for  the  Broken  Hill  Proprietary  Co.,  Ltd., 
Melbourne,  Australia.  These  engines  are  of  the  vertical 
high-speed  type  and  will  be  used  in  connection  with  a  new 
blast-furnace  plant,  which  will  make  the  first  pig-iron 
produced  in  Australia. 

Two  of  the  engines  arc  Inr  high-pressure  steam  with 
ll-i]i.  steam  cvlindcrs,  (lO-iii.  stroke  and  84-in.  air  cyl- 
inders. The  other  engine  is  lor  low-pressure  steam  with 
an  84-in.  steam  cylinder.  (Iii-in.  stroke  and  an  S4-iu.  air 
cylinder.  All  air  heads  are  e(piipped  with  the  Mesta 
plate  valves,  of  tlie  Iversen  patent. 

Twenty-three  cars  were  required  to 
carry  this  shipment,  t'.ie  total  weight 
being  about  1,300,000  lb.  The  ship- 
ment was  hauled  in  one  train  to  New 
York  in  24  hr.  from  the  time  it  left 
the  yards  at  Pittsburgh.  From  New 
York  the  shipment  will  be  taken  by 
the  American-Australian  line  around 
the  Ploni  lo  Australia,  the  total  dis- 
tance being  about  8000  miles  and  re- 
fpiiriiig  about  70  days  to  make  the 
journev. 


Sitiiiiti(>n      for     llyiiiimo     Tender — The 

United  State.s  CivU  Service  Commission 
announces  an  open  examination  for  dyn- 
amo tender,  on  Sept.  17,  1913,  to  fill  a 
vacancy  in  the  immigration  Service  at 
EUis  Island,  New  York,  at  a  salary  of 
$900  a  year.  The  examination  will  in- 
clude letter  writing,  practical  questions 
relating'  to  llie  principles  of  construction 
and  opei'ation  of  dynamos  and  training 
and  experience.  This  examination  is 
open  to  all  men  who  are  citizens  of  the 
United  States  and  20  or  more  years  of 
age.  Further  particulars  may  be  ob- 
tained by  addressing  the  United  States 
Civil  Service  Commission,  Washington, 
D.    C. 


Levhl 


from   end   to 
the   two   beil- 


The  length  of  the  engine  is  41  ft.  0 
nd  of  the  bedplate,  the  width  overall 
'lates  being  19  ft.  G  in. 

The  crank  end  of  the  fomidatioii  hail  sunk  T)  ft.  1 
Q.  and  the  cylinder  end  was  9  ft.  9  in.  below  the  origi- 
ial  level,  the  difPerence  in  level  over  the  length  of  the 
ngine  being  4  ft.  8  in.  The  shaft  was  3  in.  out  of  level, 
ihile  the  piston  rods  of  the  air  cylinders  were  only  %  of 
n  inch  difPerent  in  level,  the  low-pressure  steam  side 
eing  down  in  both  cases. 


The  Possibilities  of  I.oeoniotive  Fuel  Keoiiomy  have  been 
under  investigation  on  the  St.  Louis  &  San  Francisco  R.E  for 
the  last  two  years.  In  a  paper  presented  before  the  St.  Louis 
Railway  Club  recently  by  R.  Collett,  superintendent  of  loco- 
motive fuel  service  for  this  railroad  company,  a  chart  was 
shown  which  indicated  the  results  obtained  by  comparing' 
the  coal  consumption  in  pounds  per  passengei'-car  mile  and  in 
pounds  per  thousand-gross-ton  mile  for  corresponding  months 
in  1910.  1911  and  1912.  A  material  reduction  was  effected  in 
1911,  and  this  was  virtually  retained  in  1912  in  spite  of  floods, 
severe  weather,  suspension  of  mines  and  other  unfavorable 
operating  conditions  occurring  during  1912,  making  it  more 
difficult    for    the    past    year    to    show    improvement. 
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New  Line  of  Portable  Meters 

Tlie  Westinghouse  Electric  &  Mfg.  Co.  lias  jnst  iiitro- 
fliiced  a  new  line  of  direct-rearling  instnimeuts  for  gen- 
eral testing  and  laboratory  work  where  special  accuracy 
is  desired,  particularly  in  allcniatiiig-cnrreiit  work.  The 
tyi>e  PC  voltiuelcrs  and  waltnictcrs  ojicrate  ou  the  nio\- 
ing  coil  ])i'iiici)dc.  and  the  ihuniicd  character  of  the  iudi- 
eatioiis  ])crinits  readings  to  he  taken  quickly  and  accu- 
rately, which  is  desirable  in  fluctuating  loads. 

The  movement  is  mounted  as  a  unit  and  can  be  re- 
moved complete  after  taking  off  the  face-plate,  which 
makes  a  dust-proof  joint  with  an  inner  aluminum  mount- 
ing plate.  The  meters  have  a  laminated  iron  shield  riv- 
eted to  the  aliiminura  mounting  plate,  protecting  the 
movement  both  from  dust  and  from  stray  magnetic  fields. 
The  weight  of  the  moving  element  is  in  all  cases  low, 


New  York  Electrical  Show 

The  Electrical  Exposition  and  Motor  Show  to  1) 
<i})ened  at  the  Grand  Central  i'alaci'  in  ^'cw  York  o 
Oct.  15  is  to  be  jirimarily  of  an  educational  nature  J 
relation  to  the  use  of  electricity  in  niauufaeturing.  Tli 
iiKilor  \ciiicle  will  be  given  a  more  prcmiinent  place  tlia: 
c\cr,  and  arrangements  have  been  made  to  devote  almos 
an  entire  floor  to  the  electric  automobile  manufac-turei 
Besides  the  usual  demonstration  track,  a  fireproof  mode 
garage  for  the  storing  and  maintenance  of  electric  car 
vrill  be  located  on  the  third  floor.  The  garage  will  b 
fully  equipped  with  electrical  vacuum  cleaners,  tir 
]uimps,  car-washing  machines,  charging  boards,  and  cui 
rent  rectifiers,  and  will  include  a  repair  shop  and  bat 
t'Cry,  each  fitted  out  with  the  latest  electrical  appliance! 

Another  feature  of  the  show  will  be  an  "'electric  farm,- 


Viv,.  1.    Ix,s'n,'L'.Mi:x'i'  w  riii   1'"  \(  i;i'Latk  ix   I'laci; 

preserving  the  ]n\ot  jewels  Iroin  «car,  and  the  torcjue  is 
relatively  high.  The  pointer  is  of  U  section,  to  secure 
strength  with  minimum  weight;  the  weight  of  the  mov- 
iiig  element  is  less  than  5  gr. 

The  meters  attain  their  highest  accuracy  on  alternating 
current,  and  are  claimed  to  be  free  frojn  temperature, 
frequency  and  wave-shape  errors.  On  direct  curre»t,  the 
meter  may  be  subject  to  slight  errors  due  to  residual  mag- 
netism of  the  laminated  iron  shield,  hut  this  can  be 
eliminated  by  taking  the  average  of  reversed   readings. 

The  wattmeters  are  also  entirely  self-contained,  all  re- 
sistors n.ecessary  for  the  rated-voltage  ranges  being  con- 
tained in  the  ease.  Those  that  have  double  current  or 
double-voltage  ranges  are  provided  with  a  switch  oper- 
ated by  a  knolj  on  the  face-plate,  which  makes  the  jirojjer 
series  or  series-parallel  connection  of  coils  when  the  knob 
is  turned  to  the  i^roper  position.  Only  two  current  and 
two  voltage  binding-posts  are,  therefore,  necessary 

The  scale  for  the  wattmeters  is  wider  at  the  lower  end 
to  give  greater  accuracy  for  the  low  readings,  and  for  the 
voltmeters  it  is  wider  at  the  middle,  where  readings  are 
most  fre(|uently  made.  A  mirror  extending  the  entire 
length  of  the  scale  prevents  parallax  in  reading. 


¥iv. 


iNSTIiUMEXr    WITH    FAfRPI.ATE    EeMuVED 


(.ccupying  ninety  feet  or  more  of  show  sjiace  ami  includ 
ing  every  kind  of  farm  work  into  which  electricity  ha; 
been  iiitroduced.  First  of  all  will  come  the  cow-milkiut 
exhibit.  Here  members  of  a  herd  of  Jersey  cows  wil 
be  milked  by  an  electrically  operated  milking  machine 
and  milk  clarifier.  The  next  exhibit  will  probably  be 
that  of  an  electrical  dairy,  where  the  milk  will  be 
.«kimmed  and  butter  actually  churned  from  the  cream 
in'ocure<l. 

As  a  iiart  of  the  farm  exhibition  a  part  of  the  space 
will  be  turned  over  to  a  landscape  gardener,  who  will 
construct  a  miniature  farm  with  an  artificial  duck  jioiid 
Here  chickens  and  ducks  will  he  hatched  in  electric  iiKU 
bators.  i^ext  will  come  an  exhibition  of  electrical  ap 
])liances  used  on  a  farm  such  as  house  and  well  pumps: 
clover  cutters,  corn  shellers,  cider  mills,  vegetable  cutteii 
for  cattle,  ensilage  cutters  and  blowers,  electrical  clippin; 
machines,  vacuum-cleaning  outfits  and  the  like. 

Two  interesting  canal  displays  have  been  arranged 
one,  provided  by  the  State  of  Xew  York,  is  a  large  iiioil' 
of  the  Siphon  Locks  on  the  Barge  Canal.  In  connectio 
Avitli  this,  motion  pictures  of  the  canal  in  use  will  ]m-i)Iii 
bly  be  displayed.     The  other  canal  exhibit  is  a  "inxl-l 
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model  of  the  Pedro  Miguel  Locks  of  the  Panama  Canal. 
The   model   is  now   in   the   White   House. 

There  are  a  variety  of  Government  exhibitions,  includ- 
ing a  money-making  exliibit,  provided  by  the  Treasury 
Department ;  a  coal-mine  breaker  in  action,  provided  by 
the  Bureau  of  Mines ;  a  forestry  display  and  an  Army 
and  iSTavy  Signal-Service  outfit.  In  the  first-mentioned 
exhibition  raw  copper  will  be  started  through  the  same 
process  used  in  the  United  States  mint,  the  operations 
sliowing  the  method  of  rolling,  cutting,  milling,  anneal- 
ing in  a  furnace,  washing,  drying,  coining  and  automatic 
vt'eighing. 

Two  of  the  newest  features  of  the  show  will  be 
an  electrical  clinic,  where  all  of  tlie  latest  electro-thera- 
peutic appliances  will  be  on  display. 

Another  interesting  portion  of  the  show  will  be  the 
electric  grill,  where  electricity  will  be  used  to  do  every- 
thing from  operating  the  refrigerating  plant  to  furnish- 
ing 111!'  heat  in  the  range  on  which  steaks  and  chops  are 
grilled. 


the  transformer  is  therefore  necessary  and  in  the  opera- 
tion of  such  sub.station.s  the  greatest  care  is  taken  to 
watch  the  temperature  of  the  supply  and  discharge  pip- 
ing interiors,  in  order  that  there  shall  be  no  sudden 
rise  in  the  heating  effect  and  conseqtient  damage  to  the 
ap])aratus. 

In  this  installation  the  cost  of  city  water  was  cut  down 
to  a  small  fraction  of  the  former  expense  by  the  con- 
struction of  the  homemade  cooling  tower  shown  in  the 
photograph.  The  hot  watei'  from  the  transformer  coils 
is  piped  to  the  top  of  this  structure  and  allowed  to 
trickle  down  over  sets  of  wooden  racks  and  shelves,  open 
to  air  currents  and  into  a  concrete  catch  basin  at  the 
bottom,  from  which  it  is  forced  back  to  the  transformers 
by  duplicate  motor-driven  centrifugal  pumps.  The 
evaporation  has  to  be  made  up  from  the  city  mains,  but 
a  large  part  of  the  water  is  used  over  and  over  with 
substantial  economy.  Cooling  towers  are  often  used  in 
steam  plants,  but  their  possibilities  in  electric-substation 
service  are  only  beginning  io  be  realized. 


Saving  Water  in  a  Large    Substation 

By   11.  S.    KxowLTOx 

In  a  substation  operated  by  a  hydro-electric  power  com- 
pany and  containing  six  1500-kw.  transformers  reducing 
the  "line  voltage  from  66,000  to  13.200,  the  cost  of  cool- 
ing water  for  the  transformers  was  found  to  be  excessive. 


Cooling  Tower  fok  'I'Ti-WsFoiarKK  CriictTLATixn  Watek 

The  efficiency  of  the  modern  transformer  is  high,  run- 
ning from  97  to  98  per  cent,  in  many  cases,  but  even 
this  slight  loss  means  that  from  180  to  270  kw.  must  be 
dissipated  in  heat  generated  in  the  windings  and  cases 
of  such  an  installation  as  the  above.  A  continuous  sup- 
ply of   cooling   water   circulating   through    pijie   coils   in 


Care   of  Brushes 

Most  instructions  on  the  care  of  brushes  of  dynamos 
or  motors  .state  that  one  should  draw  a  piece  of  sand- 
paper back  and  forth  over  the  commutator,  with  the 
sanded  side  against  the  brush. 

Just  why  it  should  be  drawn  back  and  forth,  thc 
writer  could  never  understand,  since  in  most  brush-hold- 
ers, with  the  exception  of  copper  brushes,  there  is  always 
a  certain  clearance  between  the  brush  and  the  holder  in 
order  to  make  the  brush  slide  easily  up  aiiil  down  and 
make  sure  contact  with  the  commutator.  Giving  the 
matter  a  little  thought  it  is  easy  to  see  that  drawing 
the  sandpaper  back  and  forth  will  cause  the  brush  to  rock 
in  the  holder  and  thus  make  a  loose  fit  between  the 
brush  and  the  commutator. 

In  the  writer's  opinion  the  sandi)aper  should  be  drawn 
in  the  direction  of  rotation  of  the  connnutator  with  a 
]ircssure  on  top  of  the  brush  and  slightly  against  the 
rotation  of  the  commutator.  In  no  case  should  the  sand- 
jniper  be  drawn  against  the  direction  of  rotation  with 
pressure  on  the  brush;  on  the  back  stroke  the  brush 
should  be  lifted  clear  of  the  commutator.  This  will 
inake  the  brush  fit  exactly  on  the  commutator  and  save 
considerable  sparking  and  heating  of  the  commutator,  to 
say  nothing  of  wearing  grooves  in  it,  especially  when  the 
brushes  are  rather  hard. 

Frank  Gahthmann. 

Milwaukee,  Wis. 


Electrical  Power  Consumed  in  Chicago 

Chicago  U'atls  the  world  in  the  production  of  electric 
power.  The  output  of  303  electric-supply  undertakings  in 
Great  Britain  for  the  year  1911-12  amounted  to  1.127,499.712 
units,  but  Chicago  by  itself  has  an  annual  output  of  over 
S00,000.000.  and  expects  within  a  year  to  turn  out  a  billion. 
The  Chicago  Commonwealth  Edison  Co.  generates  more  cur- 
rent than  the  local  Edison  companies  of  New  York.  Phila- 
delphia, Brooklyn  and  Boston  combined.  The  Eastern  com- 
panies, however,  do  not  supply  power  for  local  transporta- 
tion, while  the  Chicago  company  does.  The  latter  operates 
the  largest  single  electric-power-generating  plant  in  the 
world  and  its  price  for  its  product  is  said  to  be  lower  than 
that    of    any    other    electric    power-vendint;     company     in     the 
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Oil-Motor  Power  at  Leipzig  Building 
Exposition 

By  Di!.  Ai.ri(Ei)  Ghadexwitz 

la  the  huge  engine  hall  of  the  Leipzig  International 
Building  Exposition,  two  large  crude-oil  motors,  ex- 
hibited by  Messrs.  Gorlitzer  Maschinenbau-x4nstalt,  Ltd., 
of  Gorlitz,  aroused  general  interest  among  all  visitors. 
These  two  motors  are  coupled  directly  to  dynamos  whicii 
supply  all  the  electricity  for  light  and  power  at  the  ex- 
uosition. 


fore,  in  removing  the  valves  there  is  iiu  need  for  dis- 
mounting the  valve-gear  shaft,  this  being  simply  moved 
aside. 

Each  group  of  three  fuel  pumps  is  contained  in  a 
common  casing,  so  that  there  are  two  pump  casings  for 
each  engine,  arranged  jointly  on  one  side  of  the  engine 
near  the  governor  and  driven  in  common  by  a  single  ec- 
centric mounted  on  the  camshaft.  Governing  is  effected  by 
altering  the  suction-valve  closure  of  the  pump-s,  so  as  to 
<^ontrol  the  fuel  supply. 

The  single-acting  double-stage  vertical  air  pump  is 
arranged  at  the  side  of  the  motor,  the  i)ump  casing  being 


Diesel  Exgixes  at  Leipzig  Exposition 


The  engines  are  of  the  vertical  type  and  are  arranged 
to  work  on  the  single-acting  four-stroke-cycle  Diesel  prin- 
ciple. With  a  view  to  a  satisfactory  balancing  of  the 
masses,  smooth  running  and  easy  starting,  they  are  de- 
signed in  six-cylinder  arrangement,  each  engine  develop- 
ing 1150  b.hp."  at  167  r.p.m. 

A  special  feature  of  these  engines  is  the  box-shaped 
frame  with  which  the  cylinder  jackets  are  east  integral. 
Moreover,  the  cylinders  are  cast  in  pairs.  This  design 
ensures  a  simple  and  compact  arrangement,  and  the  cast- 
ing together  of  the  cylinders  in  pairs  dispenses  with  three 
bearings. 

The  valve  gear  of  all  the  cylinders  is  mounted  on  a 
subdivided  shaft,  the  bearings  of  which  are  fixed,  not  to 
the  cylinder  covers,  but  to  the  camshaft  brackets.    There- 


fitted  into  the  cooling  water  compartment  of, the  motor 
frame.  The  pnilip  is  actuated  by  a  crank  drive  from 
the  main  shaft. 

The  method  of  starting  these  engines  is  unusual,  only 
two  cylinders  being  used  for  this  purpose.  To  this  effect 
the  lever  shaft  has  been  subdivided,  only  starting  levers 
being  included  in  the  part  corresponding  to  the  two 
starting  cylinders. 

Ample  water  cooling  of  all  vital  parts,  such  as  the  cyl- 
inder covers,  working  cylinders,  air-pump  cylinders,  etc., 
has  been  provided  for.  The  main-shaft  bearings  like- 
wise are  water  cooled.  Lubrication  of  all  important 
parts  is  effected  from  a  central  lubricator. 

The  engines  are  designed  to  operate  on  cither  miucra! 
oils  or  coal-tar  oils. 
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Time  of  Ignition  vs.   Economy 

Bv  A.  B.  MoRiiisoN,  .J  If. 

To  get  the  maximum  effects  on  light  loads,  where  the 
compression  is  lower  and  the  mixture  poorer,  it  is  neces- 
sary to  have  the  ignition  occur  considerably  earlier  than 
on  heavier  loads.  Just  how  much  tliis  can  affect  the 
general  behavior  of  the  engine  is  not  generally  appre- 
ciated. With  the  usual  type  of  stationary  engine  it  is 
not  possible  nor  practicable  to  change  the  point  of  igni- 
tion to  correspond  to  the  load  being  carried.  The  latter 
may  vary  between  wide  ranges  in  such  a  short  time  that 
with  a  manually  changed  point  of  ignition  the  operator 
is  unable  to  vary  it  quickly  enough  to  correspond  to  the 
load.  If,  however,  the  ignition  is  automatically  con- 
trolled by  the  governor,  it  can  Ije  advanced  or  retarded 
according  to  the  load. 

In  order  to  demonstrate  the  difference  between  an 
engine  with  the  ignition  fixed  at  the  same  point  in  the 
stroke  for  all  loads  and  one  in  which  the  ignition  is 
automatically  varied  by  the  governor,  the  writer  some 
years  ago  ran  a  series  of  tests,  the  results  of  which  are 
shown  in  the  aeeompanying  curves.  The  engine  was 
of  the  three-cylinder  vertical  type,  equipped  with  a  throt- 
tling governor  and  make-and-break  ignition  and  was 
operated  on  natural  gas.  The  time  at  which  the  igniter 
dropped  was  controlled  by  means  of  a  lever  connected 
to  a  collar  on  the  governor,  this  lever  acting  on  the 
ignition  camshaft  and  advancing  the  point  of  ignition 
as  the  load  decreased  and  retarding  it  on  the  heavier 
loads.  A  series  of  tests  was  run,  with  the  governor 
operating  in  this  manner,  at  various  loads,  obtained  by 
means  of  a  prony  brake.  The  data  secured  are  shown 
by  the  curves  marked  "I,"  which  give  the  total  gas  per 
iiour  and  the  cubic  feet  of  gas  consumed  per  brake  horse- 
power-hour. 

A  second  set  of  readings  was  then  taken  with  the 
same  loads  as  in  the  first,  but  with  the  variable-ignition 
feature  omitted,  the  igniter  dropping  at  the  same  point 
at  all  loads.  In  making  this  second  test  the  maximum 
load  was  taken  at  a  point  corresponding  to  1 15  per  cent, 
of  the  manufacturer's  rating  and  the  ignition  was  ad- 
justed until  an  indicator  diagram  taken  with  this  load 
showed  an  ignition  line  practically  vertical.  An  earlier 
ignition  would  have  caused  the  engine  to  knock  at  'this 
juaximum  load.  It  was  assumed  that  the  engine  would 
never  be  called  upon  to  carry  a  load  in  excess  of  this 
assumed  maximum.  The  results  of  the  second  test  are 
.•^bown  by  the  curves  marked  "II." 

An  analysis  of  the  two  sets  of  curves  shows  the  follow- 
ing: 

1.  Between  three-quarter  and  maximum  load  there  is 
little  difference  in  the  fuel  economy,  whether  fixed  or 
\ariable  ignition  is  used. 

2.  Between  three-quarters  and  one-half  load  there  is 
a  considerable  difference  and  below  one-half  load  a  very 
marked  difference  in  favor  of  the  variable  ignition. 
Assuming  the  rated  load  of  the  engine  to  be  100  hp. 
(which  is  the  manufacturer's  rating),  the  difference  at 
three-quarters  load  is  approximately  41/2  per  cent.,  at 
one-half  hiad,  10  ])er  cent.,  and  at  one-quarter  load,  16 
per  cent. 

3.  If  the  engine  is  designed  to  carry  an  overload  in 
excess  of  the   rating,   and   if   fixed  ignition   is   used,   it 


should  be  set  at  a  point  corresponding  to  the  maximum 
load  which  the  engine  will  be  called  upon  to  meet.  To 
obtain  good  economies  on  light  loads,  however,  the  igni- 
tion point  at  maximum  load  will  be  too  early  for  best 
operating  results  at  this  maximum. 

It  is  apparent  from  the  curves  tliat  where  an  engine 
is  operating  on  a  load  which  varies  widely  during  short 
intervals  and  with  a  fuel  of  i)ractically  constant  heat 
value,  the  point  of  ignition  automatically  controlled  by 
tbe  governor,  shows  a  very  marked  increase  in  fuel  econ- 
omy. While  not  apparent  from  the  curves,  the  behavior 
of  the  engine  at  loads  below  50  per  cent,  of  the  rating 
was  much  better  with  the  variable  than  with  the  fixed 
ignition ;  the  speed  regulation  was  closer  and  there  was 
no  tendency  to  backfire,  whereas,  with  fixed  ignition,  the 
engine  was  inclined  to  race  and  there  were  occasional 
backfires,  though  these  were  not  pronounced. 

The  foregoing  facts  regarding  fuel  economy  hold  only 
with  a  gas  of  practically  con.stant  composition,  such  as 
natural  or  illuminating  gas.  Where  producer  gas  is  used, 
and  especially  with  a  suction  ])roducer,  the  variable  igni- 
tion feature  should  not  bo  used  as  it  is  usually  a  detri- 
ment instead  of  a  bciiclit.     This  is  because  with  a  pro- 
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CojiPAiiisoN  OF  Fuel  Consumption  with  Fixed 
AND  Variamle  Ignition 

ducer  the  gas  is  not  likely  to  be  even  approximately 
uniform  in  quality  and  on  light  loads  is  usually  leaner 
than  on  heavier  loads.  In  order  to  obtain  the  same 
horsepower  from  the  engine  with  the  poorer  gas  more 
must  be  taken  into  the  cylinders  and  the  ignition  must 
be  made  earlier,  as  the  flame  ])ropagation  with  the  poorer 
gas  is  decidedly  slower.  Therefore,  if  the  engine  is 
equipped  with  variable  ignition  and  the  load  is  suddenly 
increased,  the  governor  admits  more  of  the  mixture  and 
in  so  doing  automatically  retards  the  ignition.  If  the 
gas  happens  to  be  poorer  than  nurnial,  which  is  almost 
invariably  the  case  if  the  producer  has  lieen  on  light  load 
for  some  time,  the  action  of  the  governor  in  retarding 
the  ignition  is  exactly  opposite  to  what  should  occur,  for 
as  shown  above,  the  poorer  gas  requires  advancing  the 
ignition  point  instead  of  retarding  it.  The  result  is  that 
the  maximum  power  is  not  developed  from  the  charge 
and  more  mixture  is  admitted,  still  further  retarding  the 
ignition.  The  net  result  is  an  actual  loss  in  economy  and 
])ower  instead  of  a  gain.  AVith  fixed  ignition  this  trouble 
does  not  occur  to  such  an  extent.  Variable  ignition  con- 
trolled by  the  governor  has  been  used  on  producer  en- 
gines, but  has  been,  in  almost  every  case,  changed  to 
fixed  ignition.  The  igniter  is  set  to  give  the  best  results 
on  about  the  average  load,  with  due  regard  to  the  maxi- 
mum load  which  the  engine  may  be  called  upon  to. 
handle. 
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MoUier  Diagram  for  Ammonia* 

To  facilitate  the?  solution  of  refrigeration  problems,  a 
heat  content-entropy  diagram  was  prepared  by  the  au- 
thors of  the  bulletin,  and  is  presented  herewith.  This 
diagram  has  two  families  of  curves:  (a)  curves  of  eon- 
.stant  pressure,  and  (b)  curves  of  constant  quality  in  the 
.-saturated  region  and  constant  temperature  in  the  region 
(if  superheat.  The  ordinates  are  heat  contents;  the  ab- 
scissas are  entropies. 

To  use  as  large  scales  as  possible  and  at  the  same  time 
to  bring  the  diagram  into  reasonable  compass  oblique  co- 
ordinates have  been  used.  The  a.xis  of  ordinates  instead 
of  being  vertical  is  inclined  to  the  left  at  an  angle  of 
;J0  deg.  with  the  axis  of  abscissas.  Taking  the  values  of 
entropy  along  the  horizontal  axis,  values  of  heat  con- 
lent  may  be  taken  either  along  the  inclined  axis  or  along 
a  vertical  axis.  Since  vertical  distances  are  equal  to 
distances  along  the  oblique  axis  multiplied  by  the  sine 
of  30  deg.,  the  scale  for  measuring  heat  contents  along 
the  oblique  lines  is  such  that  a  distance  measured  along 
the  30-deg.  lines  represents  sine  30  deg.  (or  i/^)  times 
as  many  units  of  heat  content  as  are  represented  by  the 
same  distance  measured  vertically. 

The  30  deg.  lines  are  lines  of  constant  entropy  and 
show  the  change  of  condition  of  the  ammonia  during 
adiabatic  compression  or  expansion.  Measurements  along 
these  lines  give  the  change  in  heat  content  during  adia- 
batic compression  or  expansion.  Horizontal  lines  are 
lines  of  constant  heat  content ;  they  show  the  change  in 
condition  of  the  ammonia  which  results  from  a  throttling 
process,  such  as  the  passage  through  the  exjjansion  valve 
of  a  refrigerating  machine. 

The  lines  of  constant  pressure  after  meeting  the  liquid 
line  should  be  extended  beyond  this  line  to  the  left  to 
represent  the  cooling  of  the  liquid  at  constant  pressure 
below  the  temperature  of  saturation  for  that  pressure. 
The  constant  pressure  lines  are  so  nearly  tangent  to  the 
liquid  line  that  the  several  lines  could  not  be  distinguished 
with  the  scale  employed.  The  process  of  cooling  the 
liquid  below  saturation  temperature  is  therefore  repre- 
sented for  all  pressures  by  the  liquid  line  itself. 

The  following  examples  will  illustrate  the  method  of 
solution  of  some  of  the  more  commonly  occurring  prob- 
lems. 

Work  Doxk  ix  the  Compi!Es.soi!  Assuming  the  Ran- 
KiNE  Ideal  Cycle 

In  the  Rankine  cycle,  the  ammonia  is  admitted  at  a 
constant  pressure,  is  compressed  adiabatically  to  the  dis- 
charge pressure,  and  is  discharged  against  this  constant 
pressure.  The  compressor  is  supposed  to  have  no  clear- 
ance. The  cycle  is  ideal  with  no  internal  friction,  no 
heat  losses  and  no  free  or  imperfectly  resisted  expansion. 
In  such  a  cycle  the  work  done  per  pound  of  ammonia  is 

•From  Bulletin  66  of  the  Universitj 
ing  Experiment  Station.  Authors,  G.  i' 
E.   Mosher. 


the  difference  in  heat  content  at  the  beginning  and  end 
of  compression.  As  the  only  compression  that  takes  place 
is  adiabatic,  the  ammonia  leaving  has  the  same  entrojiy 
as  that  entering. 

To  find  the  work  done  upon  one  pound  of  ammonia, 
in  a  Rankine  cycle  admitting  ammonia  at  a  knowji  qual- 
ity and  pressure,  and  compressing  it  to  a  known  dis- 
charge pressure,  locate  the  point  representing  the  quality 
and  pressure  of  the  suction  ammonia,  and  measure  tlir 
distance  upward  to  the  left  along  a  30-deg.  line  to  th. 
discharge  pressure  line.  If  the  quality  and  pressure  ;ii 
discharge  and  the  suction  pressure  only  are  known,  locate 
the  point  representing  the  quality  and  pressure  of  the 
discharge  ammonia,  and  measure  the  distance  downward 
to  the  right  along  a  30-deg.  line  to  the  suction  pressuiv 
line.  In  either  case  the  distance  represents  the  work 
done  in  B.t.u. 

Example  1.  In  a  dry  compression  .system,  ammonia, 
initially  dry  and  saturated  at  a  pressure  of  25  lb.  pel 
sq.in.  abs.,  goes  through  a  Rankine  cycle  in  which  it  is 
compressed  to  a  pressure  of  200  lb.  per  sq.in.  abs.  IIow 
much  work  is  done  on  each  pound  of  ammonia? 

The  heat  content  of  dry  and  saturated  ammonia  at  a 
pressure  of  25  lb.  is  seen  from  the  diagram  to  be  536 
R.t.u.  Ammonia  of  the  same  entropy  at  200  lb.  presstirf 
has  a  tem])erature  of  271  deg.  F.  and  has  a  heat  con 
tent  of  671  B.t.u.     The  work  of  the  Rankine  cycle  is 

536  — 671=  —  13.-) /i./.(/., 
the  minus  sign  signifying  work  done  on  the  ammonia. 
The  same  value  is  obtained  with  twice  as  great  accuracy 
by  measuring  the  distance  along  the  30-deg.  line  betweei 
the  points  representing  the  initial  and  final  states  of  li 
ammonia. 

Example  2.  In  a  wet  compression  .system,  ammonia, 
after  having  gone  through  a  Rankine  cycle  with  a  suction  i 
pressure  of  25  lb.,  is  discharged  dry  and  saturated  at  a 
pressure  of  200  lb.  How  much  work  is  done  on  each 
])ound  of  ammonia? 

The  heat  content  of  dry  and  saturated  ammonia  at  a 
pressure  of  200  lb.  is  .seen  to  be  560  B.t.u.  Ammonia  '  ' 
the  same  entropy  at  25  lb.  pressure  has  a  quality  of  d.^' 
and  has  a  heat  content  of  457  R.t.vi.  The  work  of  llio 
Rankine  cycle  is 

457  —  56(1  =  —  1113  n.l.ii. 

Heat  Re.tected  by  Ammonia   ix  Coxdexsei;   Axn 
Cooler 

To  find  the  heat  rejected  per  pound  of  ammonia  in 
the  condenser  and  cooler,  locate  the  point  representing! 
the  state  of  the  ammonia  after  compression,  and  pas.* 
down  a  constant  pressure  curve  to  the  point  represent  i 
the  state  of  the  ammonia  before  the  expansion  v:! 
The  vertical  distance  passed  through,  that  is  the  ditfc:- 
ence  between  the  heat  contents  at  the  initial  and  final! 
states,  gives  the  heat  rejected  to  the  cooling  water  pel  I 
pound  of  ammonia.  Part  of  this  heat  is  taken  out  af 
the   superheat,   if  any,  is  removed;   the  greater  part  i^ 
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ken  out  as  the  ammonia  is  condensed ;  and  the  re- 
ainder  is  taken  out  as  the  liquid  is  cooled  from  the 
piperatiire  of  saturation  at  the  given  pressure  to  the 
piperature  before  the  expansion  valve;  this  latter  part 
ually  takes  place  in  a  cooler  separate  from  the  con- 
nser. 

Example  3.  Ammonia,  after  being  compressed  as  in 
ample  1  to  a  pressure  of  200  lb.  and  a  temperature 
271  deg.  F.,  is  passed  through  the  cooler  and  condenser 
d  when  it  reaches  the  expansion  valve  has  a  tempera- 
re  of  80  deg.  F.  How  much  heat  is  rejected  to  the 
[oling  water? 

I  The  heat  content  after  compression  was  found  in  Ex- 
|nple  1  to  be  671  B.t.u.  Passing  down  the  constant 
(■assure  line  the  superlieat  is  removed,  the  ammonia 
indensed,  and  the  liquid  cooled  from  saturation  tempera- 
ire  of  96  to  80  deg.  F.  At  the  latter  point  the  heat 
intent  is  seen  from  the  diagram  to  be  54  B.t.u.  The 
—at  rejected  to  the  cooling  water  is 
11  671  —  54  =  617  B.t.u. 

\  E.ratnple  4-  Find  the  heat  rejected  to  the  cooling 
iater  if  the  ammonia  compressed  as  in  Example  3  to  a 
ry  and  saturated  state  at  200  lb.  pressure  is  cooled  to  a 
jmperature  of  80  deg.  F.  before  the  expansion  valve. 
By  a  process  similar  to  that  given  in  Example  3,  the 
pat  rejected  to  the  cooling  water  is 

560  —  54  =  506  B.t.u. 

ThKOTTLINU  THKOUGII    THE   EXPANSION    VaLVE 

If  vapor  is  allowed  to  expand  through  a  small  orifice, 
ich  as  the  expansion  valve,  without  the  addition  or 
bstraction  of  heat,  and  is  finally  brought  to  its  initial 
elocity,  its  heat  content  will  be  unchanged.  The  proof 
'f  this  statement  is  based  on  the  thermodynamic  theory 
If  flow  of  liquids  and  may  be  found  in  any  standard  text. 
orizontal  lines  on  the  diagram  are  lines  of  constant 
eat  content  and  consequently  show  the  changes  in  the 
[ondition  of  the  ammonia  which  result  from  throttling 
the  expansion  valve. 

Example  5.     Liquid  ammonia  in  front  of  the  expan- 

|ion  valve  has  a  temperature  of  80  deg.  F.,  and  after  pass- 

g  through  the   valve  the   pressure   of   the   mixture   of 

apor  and  liquid  is  25  lb.     What  is  the  quality  of  the 

ixture  ? 

The  horizontal  line  which  intersects  the  liquid  line  at 
,  temperature  of  80  deg.  F.,  intersects  the  25  lb.  pressure 
ine  at  a  point  which  is  found  by  interpolation  to  corre- 
pond  to  a  quality  of  0.16.  This  horizontal  line  repre- 
ents  a  constant  heat  content  of  54  B.t.u. 

Kefrigeuating  Effect 

'  The  refrigerating  eft'ect  is  measured  directly  by  the 
•hange  in  i  (the  heat  content  at  constant  pressure)  which 
;he  ammonia  undergoes  during  evaporation,  this  being  a 
constant  pressure  process  in  which,  as  shown  above,  the 
jincrease  in  i  is  equal  to  the  heat  absorbed. 
ji  To  find  the  refrigerating  effect  per  pound  of  ammonia, 
locate  the  point  representing  the  state  of  the  ammonia 
after  its  passage  through  the  expansion  valve,  and  pass 
up  along  a  constant  pressure  line  to  the  point  represent- 
ing the  state  of  the  ammonia  at  the  beginning  of  com- 
pression. The  vertical  distance  passed  through,  that  is 
the  difference  between  the  heat  contents  at  the  initial 
and  final  states,  gives  the  refrigerating  effect  per  pound 
of  ammonia. 


E.raniple  6.  After  being  throttled  through  the  expan- 
sion valve  to  a  pressure  of  25  lb.  and  a  quality  of  0.1  G, 
the  ammonia  evaporates  in  the  refrigerating  coils  until 
it  is  just  dry  and  saturated  at  this  pressure.  What  is 
the  refrigerating  effect  per  pound  of  ammonia  circulated  ? 

From  the  diagram  the  change  in  i.  or  the  heat  absorbed 
by  the  ammonia  is 

536  —  54  =  482  B.t.u. 

E.raiirple  7.  Find  the  refrigerating  effect  per  pouiul 
of  ammonia  when  the  condition  after  the  expansion  valve 
is  the  same  as  in  Example  6,  but  evaporation  takes  place 
as  in  the  wet  compression  system  of  Example  2  only 
until   a  quality  of  0.86  is  reached. 

From  the  chart  the  refrigerating  effect  is 
457  —  54  =  403  B.t.u. 

Thoeetical   Coefficient   of   Pekfohjiance   and   Re- 
frigerating Effect  per  Horsepower-hour 

By  definition  the  coefficient  of  jierlormance  is  equal 
to  the  ratio  of  the  heat  absorbed  by  the  refrigerating 
medium  to  the  work  done  upon  it.  It  has  been  shown 
that  both  of  these  quantities  can  be  read  from  the  dia- 
gram, and  therefore  the  coefficient  of  performance  can  be 
calculated  for  any  assimied  conditions  of  operation. 

E.vample  8.  What  is  the  coefficient  of  performance  of 
the  dry  compression  process  of  Plxamplcs  1,  3,  5  and  6? 

From  Example  6  the  heat  absorbed  is  482  B.t.u.,  and 
from  Example  1  the  work  done  on  the  annnonia  is  135 
B.t.u.     The  coeffieient  of  performance  is  therefore 
482  -^  135  =  3.57. 
Since  one  horsepower-hour  is  equal  to  254()  B.t.u.,  the 
refrigerating  effect  per  horsepower-hour  is 
2546  X  3.57  =  9090  B.t.u. 
Eorample  9.     What  is  the  coefficient  of  performance  of 
the  wet  compression  system  of  examples  2,  4,  5  and  7  ? 
From  Example  7  the  heat  absorbed  is  403  B.t.u.,  and 
from  Example  2  the  work  done  on  the  ammonia  is  103 
B.t.u.    1'he  coefficient  of  performance  is  therefore 
403  H-  103  =  3.91. 
The  refrigerating  effect  per  horsepower-liour  is 

2546  X  3.91  =  9960  B.f.ii. 
From  the  above  examples  it  is  seen  that  the  theoretical 
loss  with   dry  compression   as  compared  with  wet  com- 
pression under  these  conditions  is 
9900  —  9090 
9960 =  ^-^  !"■'■  rruL 

Saving  Possible  by  Use  of  Expansion  Cylinher 

If  instead  of  the  expansion  valve  an  expansion  cylinder 
were  used  the  irreversible  throttling  process  would  be 
replaced  by  a  reversible  adiabatie  expansion.  In  that 
case  the  reduction  of  pressure  instead  of  being  repre- 
sented on  the  diagram  by  a  horizontal  line  extending 
from  the  point  representing  the  state  before  the  exjian •• 
sion  valve  to  the  refrigerator  pressure  line,  would  be 
represented  by  an  adiabatie.  The  lengtli  of  this  adiabatie 
would  measure  in  heat  units  the  work  recovered  by  the 
use  of  the  expansion  cylinder  and  the  gain  in  refrigerat- 
ing effect  would  be  measured  by  the  change  in  i  along 
the  adiabatie. 

Example  10.  Find  the  per  cent,  gain  due  to  sul)sti- 
tuting  an  expansion  cylinder  for  the  expansion  valve  in 
the  wet  compression  system  described  in  Exam])les  2,  4, 
5  and  7. 
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The  work  of  compre^ssion  would  be  the  same  as  iu  Ex- 
ample 2,  or  103  B.t.u.  The  heat  rejected  to  the  cooling 
water  would  be  the  t^ame  as  in  E.xample  1.  or  506  B.i.u. 
The  expansion  in  the  expansion  cylinder  would  be  repre- 
sented by  a  30-deg.  adiabatie  extending  from  the  point 
representing  liquid  at  a  temperature  of  80  deg.  F.  down- 
ward to  the  25  lb.  pressure  line.    The  length  of  this  linO 


gives  the  work  obtained  in  the  expansion  cylinder,  assum- 
ing  a  Kankine  cycle,  or  9  B.t.u.  The  refrigerating  effec 
woidd  be  increased  by  54  -  45  =  9  B.t.u.  Th.  coefficieni 
of  performance  would  therefore  be 

(403  +   9)   ^   (103  —  9)    =  4.38. 
The  per  cent  gain  from  the  expansion  cylindei"  iS 

(4.38 3.91)  -=-  3.91  =  13  per  cent. 
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Co-operation    between   Isolated    Plants 
and  the  Central  Station 

Percival  ](.  Moses*,  of  Xew  York,  suggested  in  the 
Enginei'ring  Magazine  last  winter  tliat  the  isolated  plant 
might  help  out  the  eeiitral  station  at  times  of  overload. 
An  industrial  plant  need  not  shut  down  as  soon  as  its 
employees  stop  working,  but  could  keep  on  running  and 
furnish  to  the  distributing  mains  the  current  necessary 
to  get  them  home  on  the  tramway  and  to  light  their 
flinner  tables,  avoiding  the  necessity  for  the  installation 
by  the  central  station  of  e.xtra  plant  to  carry  the  peak 
which  would  otherwise  be  produced.  The  idea  found 
favor  in  the  eyes  of  an  unknown  writer,  who  made  it 
file  subject  of  an  article  entitled  "Cooperation  between 
Private  and  Public  Supply  Systems,"  in  the  Electrical 
Review  (London)  of  March  28.  In  the  August  38  issue 
of  the  same  paper  Douglas  S.  Martin  points  out  that 
Moses  is  the  apostle  of  the  isolated  plant,  and  takes  tiic 
unknown  writer  severely  to  task  for  "failing  to  him"  so 
tasily. 

Douglas  S.  Martin  is  not  the  apostle  of  the  isolated 
plant.  He  would  mix  all  the  demands  together  so  as 
to  get  the  advantage  of  their  diversity  in  time  of  de- 
mand, and  then  let  the  central  station  supply  them  all 
in  order  that  it  may  profit  by  that  diversity.  "There 
is  no  place  for  the  small  plant,"  he  says,  "in  this  scheme 
of  balance  and  mutual  power  flow,  and  every  small  planl 
must  go  in  order  to  provide  all  the  diversity  for  the  main 
station  which  can  possibly  be  obtained." 

Diversity  of  demand  is  a  good  thing — enough  of  it 
■will  iron  out  all  the  protuberances  in  the  load  line.  A 
comparatively  small  investment  takes  care  of  many 
maxima  when  they  do  not  overlap.  But  the  purchaser 
should  share  in  the  advantage.  The  standing  charges 
urged  in  making  the  rate  should  be  those  on  the  plant 
actually  required  to  n>jet  the  diversity  of  demand  and 
not  upon  the  i)lant  which  would  be  required  to  meet  these 
demands  if  they  were  superposed,  as  is  the  case  when 
the  rate  to  each  consumer  is  based  up<ni  his  own  maxi- 
mum demand. 

The  load  density  may  become  so  great  iji  a  given 
locality  as  to  make  it  advisalile  to  erect  an  auxiliary 
station  to  care  for  it.  "When  the  auxiliary  station  is 
built  and  put  into  operation,"  says  Mr.  Martin,  "it  must 
l)e  a  big  station  in  order  that  its  efficiency  may  1)e  high 
and  'industrial  waste  eliminated,'  and  it  must  be  given 
as  high  a  diversity  factor  as  possible.  To  that  end 
every  isolated  plant  in  that  locality  must  go  out  of  busi- 
ness." 

If  these  isolated  plants,  so  ruthlessly  condemned,  would 
he  running  at  the  time  the  central  station  is  on  its 
peak,  it  would  not  tend  to  flatten  its  peak  to  take  them 
over.  If  they  would  not  be  running  on  their  own  load 
,nt  that  time,  why  could  they  not  profitably  be  used  to 
fiiini])  current  into  the  mains  and  relieve  the  central  sta- 
tion of  a  ]iart  of  its  embarrassing  overload?    Thev  might 
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not  like  to  go  out  of  business  just  to  furnish  diversity 
of  demand  to  a  central  station,  when  they  are  producing 
ligiit,  heat  and  power  cheaper  than  they  could  do  by 
Ijurning  coal  for  the  heating  and  buying  the  current. 

Mr.  Martin  thinks  that  there  is  little  hope  for  Mr. 
Mo,se.s'  scheme,  and  predicts,  basing  his  view  on  the 
extraordinary  progress  which  has  been  nuide  in  America 
in  the  last  three  years  in  tying  in  main  stations  and 
systems  at  extra  high  voltages  situated  many  hundreds 
of  miles  apart,  that  "in  fifty  years  from  now  the  isohited 
])lant  will  be  an  extraordinary  thing." 

The  isolated  plant  can  have  no  part  in  this  tying-in 
scheme,  but  since  it  is  in  our  midst  it  must  be  used  to 
the  best  advantage,  and  this  use,  to  Mr.  Martin's  mind, 
would  be  to  kee]i  it  quiet  and  buy  current  from  tlie 
central  station,  e.rcejit  on  the  peak,  when  it  should  be 
run  for  the  ]uir]iose  of  keeping  down  the  customer's 
maximum  demand.  A  man  who  has  a  plant  installed 
and  under  steam  ready  to  run,  who  has  therefore  in- 
curred all  the  standing  charges,  which  are  a  very  con- 
siderable part  of  the  total  cost  of  current  production, 
will  not  let  it  be  idle  the  greater  part  of  the  time,  unless 
the  central  station  can  sell  him  current  for  less  than  the 
bare  price  of  extra  fuel  and  labor,  which  is  hardly  be- 
lievable. 


The  License  Situation  in  Jersey 

After  much  expenditure  of  time  and  money  and 
]iatience,  covering  a  period  of  thirty  years,  the  engineers 
of  New  Jersey  early  this  summer  succeeded  in  having  a 
license  law  passed.  The  act  became  a  law  in  the  closing 
I'.ours  of  a  special  session  of  the  legislature,  and  this  was 
the  reason  advanced  for  the  lack  of  an  appropriation 
which  alone  could  have  and  can  now  make  the  law  worth 
more  than  the  parchment  on  which  it  is  written. 

Unfortunately,  the  bill  itself  made  no  provision  for  an 
appropriation.  It  simply  stated  that  the  Commissioner 
of  Labor  should,  within  60  days  after  the  act  became  law, 
organize  a  bureau  to  carry  on  the  work  of  examining  and 
licensing  engineers  and  looking  after  the  enforcement  of 
the  law.  The  act  became  law  on  July  4.  The  bureau  should 
have  been  established  on  Sept.  4.  But  the  state  has  done 
nothing  more  toward  making  the  license  law  a  reality 
than  if  it  never  were  written.  The  Commissioner  of 
Labor  has  done  all  he  can  without  funds.. 

Did  the  franiers  of  this  law,  who  were  so  profuse  with 
their  as.surances  to  the  engineers'  committee,  deliberately 
leave  out  of  the  bill  provision  for  an  appropriation — a 
vital  requisite?  Did  the  able  legislators  intend  to  so  write 
the  law  that  it  would  appease  the  engineers  and  at  a  later 
date,  after  the  hand  shaking  and  congratulations,  prove 
worthless?  Did  the  Solomons  at  Trenton  think  to  make 
sport  of  this  last  committee  as  it  has  of  so  many  previous 
ones?  Thirty  years'  experience  with  the  New  Jersey  leg- 
islature inclines  one  to  think  so. 

At  least,  the  law  is  a  reality  on  paper  awaiting  only  the 
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funds  necessary  to  make  it  actually  real  in  practice.  The 
next  session  of  the  legislature  is  months  away.  There  is 
plenty  of  time  for  everyone  interested  to  write  to  the 
assemblyman  in  his  district,  pointing  out  the  need  for 
this  appro])riation.  Let  the  engineers  of  New  Jersey  force 
''     legislature  to  show  its  hand. 

Flooded  Cellars  in  New  York  City 

Xew  York  City  suffered  from  a  cloudburst  Thursday 
evening,  Sept.  4.  Many  notel  and  other  cellars  were 
flooded  with  water  to  a  depth  of  seven  feet  and  special 
pumping  arrangements  were  necessary  to  get  the  water 
out.  This  is  the  second  time  this  summer  that  serious 
flooding  has  occurred  in  the  district  between  Twenty- 
third  Street  and  streets  along  in  the  hundreds. 

The  cause  is  choking  of  the  "traps"  formed  by  looping 
the  sewer  lines  under  the  subway. 

Most  hotels,  apartment  houses  and  office  buildings  have 
pumps  for  the  heating  system,  though  they  do  not  have 
their  own  power  plants. 

Many  of  the  buildings  equipped  with  pumps  for  heat- 
ing only  use  motor-driven  pumps  in  which  case  the  pumps 
may  be  quickly  started.  By  simply  putting  in  a  tee  and  a 
valve  in  both  the  suction  and  discharge  lines,  the  flood 
water  may  at  least  be  pumped  into  the  street  as  fast  as  it 
flows  into  the  building.  A  couple  of  lengths  of  pipe  so 
used  would  mean  the  prevention  of  much  more  damage, 
due  to  these  choked  sewers,  because  the  conditions  will 
surely  be  repeated  before  the  volume  of  the  sewer  pipes 
is  increased. 

Boiler  Performance  Curves  in  Boiler 
Room 

Eecently  a  correspondent  told  how  valuable  a  chart 
with  curves  showing  the  kiUnvatt-hour  output  and  cost  of 
coal  per  kilowatt  has  proved  in  his  plant  when  posted  in 
the  boiler  room.  The  curves  in  this  plant  are  plotted 
weekly  and  the  men  took  such  an  active  interest  in  the 
chart  that  they  reduced  the  coal  consumption  materially 
at  practically  no  expense  to  the  management.  Such  a 
plan  is  not  new,  but  it  is  altogether  too  uncommon,  con- 
sidering its  potentialities  for  good. 

It  does  not  require  argument  to  convince  one  who  recog- 
nizes the  peculiar  psychic  traits  of  men  that  the  efficacy 
of  such  methods  of  getting  men  to  do  their  best  is  well 
worth  while.  Every  honest  man  who  loves  the  approba- 
tion of  his  fellows  wants  to  excel  in  work,  in  sports,  in 
everything  that  he  does,  when  he  knows  he  has  a  com- 
petitor. Any  fireman  can  acquire  the  skill  to  get  as 
much  out  of  boilers  and  fuels  as  any  other  fireman  can. 
Unlike  many  of  the  sports,  there  is  a  limit  of  excellence 
in  firing  boilers  that  is  within  the  reach  of  any  man  who 
will  honestly  try.  Consequently,  one  should  not  fear  a 
labor  disturbance  by  introducing  a  performance  chart  in 
the  boiler  room.    It  is  the  shirks  only  who  would  object. 

It  is  better  to  have  the  curves  plotted  every  day  in- 
stead of  every  week  as  our  contributor  has  done.  The  in- 
terest of  the  men  is  kept  more  keen.  It  is  sometimes 
difficult  to  arrive  at  reasonably  accurate  figures  regarding 
the  cost  of  fuel  per  unit  of  output  and  the  enthusiasm  of 
the  men  is  not  one  whit  greater  than  when  the  coal  con- 
sumption per  day  is  plotted  against  the  output  per  day. 

The  size  sheet  which  is  most  convenient  for  plotting 


these  curves  is  fifteen  by  ten  inches.  There  are  sixty 
quarter-inch  spaces  on  the  length  of  the  sheet  and  forty 
on  the  width  so  that  by  making  the  ordinates  represent 
days  and  abscissas  output,  a  conveniently  large  chart  is 
procured.  On  these  sheets,  which  may  be  obtained  in 
almost  any  store  handling  such  goods,  there  is  margin 
enough  to  print  the  necessary  letters  and  figures;  bind- 
ers may  also  be  purchased  that  these  sheets  will  just  fit. 
If  the  output  variation  from  day  to  day  is  not  too  great 
and  the  required  data  are  kept,  a  curve  representing  the 
cost  of  coal  per  thousand  or  any  given  quantity  of  kilo- 
watts, might  be  plotted  on  the  same  sheet  after  it  has 
been  removed  from  the  boiler  room. 

Encouraging  Responsibility  in 
Assistants 

Ask  the  average  engineer  why  he  can't  take  a  vacation, 
and  he  will  reply:  "Who'll  keep  the  plant  running 
while  I  am  away?"  Suggest  that  he  must  have  an 
assistant,  and  you  will  probably  get  the  answer,  "Oh, 
yes,  I've  got  a  young  fellow  helping  me,  but  he  only 
takes  care  of  the  oiling  and  wiping,  and  does  other  odd 
jobs." 

There   is  the  reason  why   most  engineers  find  things 
in  chaotic  condition  upon  return  from  an  enforced  ab- 
sence and  why  they  are  fearsome  of  similar  consequences 
wdien  they  would  like  to  take  a  little  time  off  for  neces-  i 
sary  recreation.  ] 

Every  engineer  should  see  to  it  that  there  is  someone 
around  the  plant  who  can  carry  on  his  work  at  any  time — 
one  who  not  only  can  keep  the  wheels  moving,  but  who  can 
keep  the  plant  running  at  its  best  efficiency  while  the 
engineer  is  ab.sent.  The  logical  man  to  be  trained  to 
this  work  is  the  man  who  has  seen  how  the  engineer 
does  things — the  man  to  whom  he  has  explained  why 
these  things  were  done — his  assistant. 

Every  chief  should  make  it  his  business  to  explain  to 
this  understudy  the  whys  and  wherefores,  discuss  with 
him  the  solution  of  the  various  problems  which  arise, 
instill  in  him  confidence  by  gradually  assigning  to 
him  the  performance  of  the  minor  duties,  encourage  hiiu 
to  carefully  read  and  study  the  technical  books  and  pa- 
pers, and  when  the  occasion  arises  it  will  be  found  that 
he  is  a  real  assistant,  not  one  in  name  only,  but  in 
ability  to  accomplish  things  also. 

Not  only  will  the  educating  of  this  young  fellow  be 
the  source  of  a  lot  of  genuine  pleasure  to  his  instructor, 
but  the  latter  will  find  that  the  discussions  and  incidental 
references  to  standard  works  will  refresh  his  own  mind 
on  many  subjects,  and  that  also  it  will  enable  him  to 
go  away  for  well  earned  recreation  periods  with  the 
assurance  that  several  weeks  of  hard  work  to  get  operat- 
ing conditions  back  to  normal  will  not  be  facing  him 
when  he  returns. 

The  Federal  Government  has  renewed  its  attack  upon 
the  Anthracite  Coal  Trust.  We  hope  that  the  issue  may 
determine  not  which  particular  set  of  individuals  is  to 
be  allowed  to  bleed  the  industries  of  the  country  for 
what  they  can  get,  but  the  iniquity  of  the  appropriation 
by  any  set  of  men  of  one  of  the  necessities  of  our  in- 
dustrial life  and  the  dealing  of  it  out,  not  at  a  fair  profit 
■upon  their  actual  investment,  but  at  the  price  which 
those  who  must  have  it  can  be  made  to  pay. 
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Peculiar  Diagram 


The  accompanying  diagrams  are  from  the  high- 
ressure  cylinder  ot'  a  Brown  tandem-compound  engine, 
unning  about  100  r.p.m.  with  125-lb.  gage  pressure  of 
team.  The  valves  were  properly  set  and  the  engine 
ras  running  smoothly  and  steadily.  A  friend  of  mine 
ook    the    original    diagram.';.      He    simply    raised    the 


An  Odd  Higii-Pi!essui!E  1)iagi!.\m 

itch  on  the  head-end  steam  valve  while  taking  the  card. 
Miere  was  a  receiver  pressure  of  11  lb.  gage  at  the  time, 
i^ill  some  reader  explain  what  caused  the  increased  pres- 
ure  in  the  latter  end  of  the  expansion  line,  also  what 
aused  the  vacuum  ? 

W.  E.  Chandler. 
North  Adams,  Mass. 


Some  Temporary  Jobs 

While  making  my  j-eguhir  trip  through  the  storage 
ooms  of  a  refrigeration  plant  I  noticed  that  a  IV^-in. 
rine  pipe,  through  which  the  brine  was  circulating,  was 
making  badly  enough  to  damage  the  goods  in  the  room, 
'ermanent  repairs  could  not  be  made  in  less  than  two 
lOurs  and  the  necessary  material  was  not  at  hand.  The 
lipe  was  rusted  badly,  so  I  decided  to  use  a  bandage 
or  stopping  the  leak.  Strips  were  obtained  from  a 
ightly  woven  bag  (malt  or  flour  bag)  and  rolled  uji 
nd  saturated  with  white-lead  paint  or  cement.  This 
t'as  ap])lie(l  freely  to  the  inside  face  of  the  strips,  while 
I'rapping  them  around  the  pipe,  pulling  them  tighl. 
^fter  one  layer  of  the  saturated  bag  was  jtut  on  a  mar- 
eted  cement  was  applied.  This  was  continued  until  the 
lipe  had  four  layers  over  the  leak. 


A  valve  stem  was  attached  to  a  2-in.  valve  on  a  steam 
ine  supplying  a  cooking  kettle,  the  valve  being  near 
he  ceiling  and  regulated  from  the  floor  above.  When 
he  operator  went  to  open  the  valve,  which  was  shut 
ight,  the  .stem  broke  off  where  it  went  through  the 
loor;  not  much  time  could  be  spared,  for  the  contents 
f  the  kettle  had  to  be  cooked.  A  broomstick  bored  out 
t  one  end  and  hammered  over  the  broken  stem,  and 
eing  provided  with  a  handwheel  on  the  other  end,  served 
n  operate  the  valve  until  there  was  time  to  renew  the 
tern. 


We  have  a  pump  un  wiiuli  a  gland  on  the  steam  end 
had  to  be  renewed.  Instead  of  measuring  the  rod  at  its 
largest  diameter  when  ordering  the  gland,  the  worn  part 
of  the  rod  was  measured.  The  rod,  therefore,  stuck  in 
the  gland  when  the  pump  was  started.  The  engineer 
not  wanting  to  send  the  gland  back  to  the  shop,  filed 
the  hole  bigger  to  tit  the  rod.  After  the  pump  was  work- 
ing packing  would  not  hold  in  the  stuffing-box  because 
the  hole  in  the  gland  was  large  and  crooked.  I  took 
a  hard-rubber  valve  disk,  made  it  fit  snugly  around  the 
rod  and  in  the  stuffing-box,  after  which  it  was  cut  in 
half  and  put  in  the  stuffing-box  next  to  the  gland.  The 
packing  then  held  without  trouble. 

William  L.  Keil. 

Philadelphia,  Pcmi. 

Removing  Corroded  (Condenser 
Ferrules 

The  condensers  on  a  small  steamer  required  retubing, 
which  meant  that  6000  ferrules  in  each  condenser  head 
had  to  be  removed. 

When  atteni))ts  were  made  to  unscrew  the  old  ferrules 
it  was  found  that  they  were  so  corroded  from  the  action 
of  the  water  that  they  wmilil  nniniblc  off  flush  with  thc- 
face  of  the  tube-sheet. 

The  customary  operation  in  a  case  of  this  kind  wais 
to  break  off  enough  of  the  ferrule  to  get  rid  of  the 
shoulder  formed  by  the  I'jj-in.  hole  in  the  front  end  cf 
the  ferrule  and  with  a  drift  the  same  diameter  as  the 
tube,  drive  the  tube  back  inside  of  the  sheet  and  remove 
the  broken  ferrule  with  a  .square  drift,  getting  enough 
bite  with  the  diagonal  corners  of  the  drift  to  back  the 
ferrule  out. 

This  operation  had  to  be  repeated  on  each  end  of  ea(  h 


Tool  for  RE.vioviNr,  Condensei!  Keuuule.s 


condenser,  whieli  made  it  necessary  to  retap  the  12, 000 
holes.  The  ferrule  driver  was  T-shaped  and  was  forged 
from  %-in.  round  steel.  On  the  working  end  it  was 
turned  down  to  a  loose  fit  in  the  tube  for  a  distance 
of  iy2  in.  After  this  came  a  fin-like  projection  on  either 
side  of  the  shank  projecting  out  about  ,%  in.,  thus  form- 
ing the  blade  for  the  slot  in  the  ferrule. 

A  piece  of  %-in.  pipe  about  2  in.  long  was  secured 
and  with  a  hacksaw  two  slots  about  Ys  in.  wide  and 
1  in.  long  were  made  opposite  each  other,  then  the  four 
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corners  formed  by  the  slots  and  the  end  of  the  pipes 
were  bent  in  toward  the  center  and  the  pipe  placed  on 
the  ferrule  driver.     The  opposite  end  of  the  pipe  made 

neat  fit  over  the  ferrule.     The  turned  end  of  the  fer- 

;e  driver  was  put  through  the  old  ferrule  into  the  end 
(it  the  tube  and  the  piece  of  pipe  brought  up  touching 
(The  tube-sheet  inclosing  the  ferrule,  which  was  then 
screwed  out,  the  pipe  keeping  it  from  spreading.  With 
liiis  device  it  was  possible  to  unscrew  ferrules  having  but 
one-half  of  the  slot  remaining  by  striking  the  end  of 
the  driver  a  few  wraps  with  a  hammer  while  in  place. 

We  removed  a  great  many  ferrules  which  had  no  slots 
at  all,  that  had  been  broken  at  the  starting  of  the  job. 
The  cost  of  time  and  material  in  making  this  tool  was 
so  trivial  as  to  be  hardly  worth  mentioning.  The  first 
device  was  made  in  10  min.,  and  was  an  acknowledged 
success,  by  actual  count  removing  60  to  70  per  cent, 
more  ferrules  than  by  the  old  method  and  in  one  opera- 
tion. 

Edward  M.  Davis. 

Philadel])hia,  Penn. 

Cleaning  Oil  from  Engine  Crank  Cases 

Our  engines  are  all  of  the  high-speed,  inclo.-;ed  t\\K' 
and,  of  course,  carry  all  but  the  cylinder-lubricating  oil 
in  the  crank  case.  As  usual,  it  is  necessary  to  change  this 
oil  and  clean  it  at  intervals,  10  gal.  per.  week  being  taken 
from  each  crank  case  and  boiled  with  steam. 

To  save  time  and  oil  and  to  facilitate  cleaning  the  oil 
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the  following  system  was  installed.  Two  lines  of  1-in. 
jjipe  were  run  from  the  crank  cases  of  the  engines  to 
tanks  in  the  basement.  One  line  was  used  to  draw  off 
the  dirty  oil  from  the  ca.?es  and  the  other  to  return  the 
clean  oil  to  them. 

In  the  illustration,  A  is  the  boiling  tank  in  which  the 
dirty  oil  is  heated.  As  stated  above,  10  gal.  of  oil  are 
run  into  this  tank  and  boiled  until  the  mixture  of  oil  and 
water  rises  to  within  2  in.  of  the  top  when  the  .steam  is 
shut  off.  As  the  tank  .4  is  lagged,  it  cools  slowly  and  al- 
'ows  the  dirt  in  the  oil  to  settle.     The  good  oil  is  then 


run  from  the  pet-cock  B  into  the  tank  C,  which  is  an  or- 
dinary, domestic  hot-water  tank.  Valve  D  is  then  closed 
and  valves  E  and  F  opened  and  the  oil  blown  to  the  en- 
gines as  required.  Valve  G  is  connected  to  an  oil-storage 
tank.  The  pipe  G  is  a  steam  pipe  and  the  tank  A  is  partly 
filled  with  water  througii  a  pipe  not  shown.  One  man 
can  run  good  oil  from  the  tank  A  to  C,  take  10  gal.  of 
dirty  oil  from  any  engine  into  the  tank  A,  blow  the  good 
oil  up  into  the  engine  and  have  the  hose  connections  to 
the  oil  pipes  cleared  away  within  half  an  hour. 

Samuel  Burmfirth. 
Montreal,  Can. 

Fire-Cleaning  Tool 

To  help  the  firemen  in  cleaning  fires,  I  made  a  bar 
30  in.  long  and  of  2-in.  angle  iron  welded  to  a  Vs-in. 
steel  handle  of  a  length  to  suit  our  fireboxes,  which  are 
8  ft.  8  in.  square,  with  an  effective  grate  area  of  51  sq.ft. 
1  slipped  a  piece  of  1-in.  pipe  over  the  bar  and  welded 

p'xB"/Jngr/e  Vffod-.         ^■l"Pipe 
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it  at  both  ends  so  that  it  was  .stiff  and  strong  just  where 
it  passed  through  the  firedoor.  With  this  bar  one  fireman 
can  ''wing"  his  fires  over  and  have  the  whole  fire  cleaned 
and  under  way  in  from  seven  to  ten  minutes.  Two  men 
have  cleaned  one  fire  in  three  and  a  half  minutes,  with 
from  eleven  to  thirteen  hundred  pounds  of  dry  ash  on  the 
grates. 

Montreal,  Can.  Samuel  Burmfirth. 

Cause  of  Knock  in  Pump 

A  more  or  less  mysterious  pound  or  knock  will  some- 
times develop  in  pumps  that  have  their  sources  of  sujjply 
at  a  higher  elevation  than  the  suction  valves.  This  knock 
is  in  the  nature  of  a  short  jerk  or  kick  at  the  beginning 
of  each  stroke.  To  one  not  familiar  with  such  trouble, 
this  would  .seem  to  indicate  a  loose  piston  or  plunger. 
The  cause  of  the  knock  is  that  the  springs  of  the  suction 
valves  are  too  weak  and  the  pressure  of  the  water  keeps 
the  valves  open  until  the  ]ivcssnre  from  the  plunger  closes 
them.     The  remedy  is  obvious. 

Louisville,  Ky.  Joiix  F.  Hurst. 

Break  in  Cast-Iron  Suction  Line 

liecently  a  serious  break  occurred  in  the  14-in.  suction 
pipe  of  our  conden.ser.  As  the  plant  had  to  be  ke]it  in 
continuous  service,  I  repaired  the  break  as  follows: 

I  used  one  quart  of  asphaltum  thinned  out  with  gaso- 
line. To  thicken  it.  I  mixed  in  some  ground  asbestos 
until  I  had  a  thick  paste.  Then  with  a  rag  I  cleaned  the 
break  nicely.  After  this  was  done  I  applied  the  paste 
until  a  ring  about  one  inch  thick  was  formed  around  the 
break.  Next  I  bound  this  in  with  two  rings  of  '?4""^- 
tape  and  shortly  the  whole  covering  began  to  get  hard.  I 
then  mixed  up  some  ground  asbestos  and  water  and  put 
a  ring  about  2  in.  Ihick  on  top  of  this  tape.  For  four 
days  the  condenser  maintained  28  in.  of  vacuum  with 
this  joint  in  service. 

Garv.  Penn.  W.  D.  Lucas. 
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Burner  for  Heating  Crank  Disks 

It  is  not  unusual  to  experience  much  trouble  in  heat- 
in<;'  the  crank  disks  of  large  engines,  preparatory  to 
slirinking  the  disk  on  the  pin.  A  burner  for  this  work 
which  gives  excellent  results  is  sluiwn   herewith. 

licferring  to  the   sketch,  .-1.   is   a   ]:icrf orated   plate   to 
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A  C.IYPiece 

BritXKi;   I'oi;   HKATtxG   C'li.vxK    Disks 

the  ends  of  which  two  end  plates  are  bolted,  one  end-/ 
plate  is  fitted  with  a  cast-iron  Y-piece  for  supplying 
air  and  gas.  The  diameter  of  the  perforated  plate  should 
be  about  3  to  3  in.  less  than  that  of  the  diameter  of  the 
crank  bore.  This  burner  may  be  made  in  various  sizes 
to  suit  the  dillV'reiit   sizes  of  cranks. 

John  H.  (J.  Mokkison'. 
(ihisgow,  S,-otlaii(l. 

Abandoning  a  Boiler  in  C^ase    of  Fire 

Here  is  a  question  upon  which  1  would  like  to  learn 
the  opinion  of  other  operating  engineers.  ''What  would 
be  the  best  thing  to  do  if  a  fire  should  break  out  in  a 
plant  using  steam  power,  the  boiler  having  a  full  head 
of  steam  on  and  a  heavy  fire  in  the  furnace,  and  the 
fire  in  the  building  making  such  rapid  headway  that 
there  w-ould  be  no  time  to  draw  the  fire  ?" 

FlIKI.     W.     IJKXICI!. 

Baltimore,  Md. 

Temporary  Wooden   Flume  (Cheaper 
than  Iron  Pipe 

A  New  England  manufacturing  company  decided  to 
build  a  new  penstock  and  dam  for  the  water  end  of 
their  power  plant,  and  as  the  water  for  the  boiler  feed, 
condensers  and  industrial  purposes  all  came  through  the 
watcrwheel   flume   it   was  necessary  to  run   a  pipe   line 


Showing  Construction  of  WoonKx  Flumk 


from  the  plant  to  above  the  dam,  some  800  ft.  Xot 
having  permanent  use  for  piping  of  the  size  required  it 
was  decided  to  build  a  flume  of  plank  with  the  thought 
that  the  lumber  would  be  of  use  after  the  new  jieiistock 
was  put  in  operation. 


Two-inch  planks,  IS  ft.  long,  were  used,  costing  (de- 
livered) $30  per  thousand  feet.  The  clamps  which  held 
the  flume  together  were  3x4-iri.  stock,  and  njade  ,of  cheap 
hemlock  lumber.  The  flume  was  18  in.  high  and  Ifi  in. 
wide.  The  wooden  clamps  were  put  on  as  shown,  and 
spaced  41^  ft.  apart ;  the  rods  for  the  clamps  were  of 
%-in.  common  iron.  The  discharge  end  of  the  flume 
was  connected  to  the  main  supply  pipe  in  the  basemen i 
of  the  engine  room  by  cutting  a  square  hole  in  the  main 
pipe  to  receive  the  water  from  the  flume. 

The  first  cost  of  the  flume  was  less  than  the  estimate 
of  a  contractor  who  bid  for  the  job  of  putting  in  a  cast- 
iron  pipe  18  in.  in  diameter.  After  the  flume  was  taken 
apart  the  planks  were  sold  in  the  company's  yard  for 
$1")  ])er  thousand   feet,  w  lialf  the  price  paid  for  them. 

L.  Johnson. 

Exeter,  N.  H. 

Uniform    Discharge   Valve 

If  the  water  in  a  tank  or  flue-gas  collector  is  permitted 
lo  drip  through  a  constant  opening  the  rate  of  discharge 
\aries  with  the  head  in  the  tank  and  the  gas  sample 
will  not  be  an  average  one.     A  valve  may  be  made  from 


V.vLvi':  TO  Give  Unu- 
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an  old  grease  cup,  and  connected  to  the  tank  to  give  a 
constant  discharge  rate  with  a  varying  head  of  water. 
The  outflow  is  dependent  ujion  the  water  level  in  the  cup, 
and  independent  of  the  water  in  the  tank. 

Middletown,  N.  Y.  R.  A.  Bkownell. 
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QUESTIONS     BEFORE    THE     HOUSE 


Measuring  Water  in  Boiler  Test 

On  page  830  of  the  June  10  number,  James  A.  McHol- 
lan  describes  an  arrangement  for  weighing  feed  water 
during  a  boiler  test  in  a  plant  having  an  open  heater. 
I  wish  to  offer  some  comment  upon  this  scheme,  on  the 
two  points  of  feasibility  and  capacity. 

His  sketch  shows  the  lower  or  suction  tanks  below  the 
level  of  the  pumps.  As  has  been  remarked  by  William 
Taylor,  July  22,  page  141,  this  arrangement  will  not 
work  with  water  heated  to  nearly  812  deg.  But  need 
the  water  be  run  that  hot?  And  how  low  must  its 
temperature  be  held  to  insure  proper  suction? 

An  open  heater  of  ample  size  is  capable  of  raising 
water  quite  or  very  nearly  to  212  deg.,  F.,  and  must 
therefore  be  set  high  enough  to  supply  water  to  the 
pump  by  gravity  alone,   without  help  from  the   atmos- 
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Vapor  Tension  of  Wateh  Plotted  against 
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phere,  because  the  hot  water  can  give  off  vapor  at  at- 
mospheric pressure.  At  the  very  least,  the  head  from 
nominal  water  level  in  the  heater  to  the  pump  cylinders 
ought  to  be  6  or  7  ft.,  and  a  little  more  is  desirable  if 
the  heater  may  be  expected  to  run  very  hot.  This  head 
is,  roughly,  equivalent  to  a  pressure  of  about  3  lb.  per 
sq.in. 

Now  the  vapor  tension  of  water,  or  the  absolute  pres- 
sure of  its  steam,  varies  with  the  temperature  as  shown  by 
the  accompanying  curve,  which  is  plotted  directly  from 
the  steam  table.  At  200  deg.,  the  steam  pressure  is  about 
3  lb.  less  than  normal  atmospheric,  at  190  deg.  it  is 
nearly  5.5  lb.  less. 

Personally,  I  do  not  like  to  run  water  at  more  than 
about  190  deg.  through  such  an  open-weighing  system. 
Hotter  water  gives  off  so  much  vapor  as  to  be  very 
annoying  to  the  man  operating  the  tanks  and  not  any 
too  good  for  the  "works"  of  the  scales ;  besides,  it  thus 
loses  some  weight,  although  perhaps  not  enough  to  be  of 
much  practical  significance.  With  this  limit  imposed  by 
outside  considerations,  there  will  be  plenty  of  margin 
between  atmospheric  pressure  and  vapor  tension  to  take 
care  of  a  couple  of  feet  of  suction  lift. 

A  question  arises  as  to  the  control  of  this  water  tem- 
perature, and  perhaps  its  temporary  lowering  during  the 
test.  Tn  a  condensing  plant,  with  dependence  upon  re- 
turns and  the  exhaust  from  auxiliaries  for  heat,  there 
is  not  likely  to  be  trouble  with  too  hot  water.     If  the 


heater  is  of  the  shunt  or  cutout  type,  partial  closing  of 
the  cutout  valve  may  be  effective — although  this  is  only 
a  tentative  suggestion,  not  backed  by  experience.  If  all 
the  exhaust  from  the  main  engine  goes  through  the 
heater,  the  water  must  be  taken  as  hot  as  it  come.-. 
Then  a  special  cold-water  pipe,  fixed  up  so  as  to  swing 
over  the  weighing  barrels  and  discharging  a  small  stream 
into  the  barrel  being  filled,  seems  a  likely  expedient  for 
tempering  the  hot  water. 

After  all  it  is  a  very  good  thing  to  set  the  heater  suf- 
ficiently high  at  the  start.  The  extra  cost  of  an  8-ft. 
support  over  one  4  ft.  high  will  be  well  made  up  when 
the  time  comes  to  make  a  boiler  test. 

As  to  cajiacity,  the  barrels  shown  by  Mr.  McHollan 
are  presumably  of  the  common  oil-barrel  size,  holding 
400  lb.  of  water.  With  high  feed  temperature,  1000 
boiler  horsepower  will  mean  at  least  32,000  lb.  of  water 
per  hr..  or  80  barrels.  Then  each  of  the  two  barrels  will 
have  to  be  filled,  emptied  and  twice  weighed  in  one 
minute  and  a  half.  Some  hustling  that !  In  fact,  it 
could  not  be  done  with  the  sluggish  flow  due  to  the  small 
heads  involved. 

With  two  barrels  draining  from  an  open  heater  through 
2-in.  valves,  I  should  not  care  to  undertake  to  handle 
over  500  boiler  horsepower.  For  1000  hp.,  I  shoukl  put 
in  3-in.  valves  and  would  want  tanks  of  at  least  800-lb. 
capacity  each,  and  a  1200-lb.  suction  tank.  This  would 
keep  one  man  busy  enough  but  would  leave  some  margin 
for  a  peak  load. 

RoHEHT  C.   H.   Heck. 

New  Brunswick,  N.  J. 

Orsat  vs.  CO.  Recorder 

In  reference  to  the  recent  letter  by  A.  Pohlman,  en- 
titled "Orsat  or  CO^  Recorder  Best,"  I  wish  to  make 
the  following  comments : 

While  it  is  true  that  the  C0„  recorder  does  not  show 
CO,  and  it  would  be  foolish  to  collect  an  average  sam- 
ple without  ascertaining  the  percentage  of  CO  as  well 
as  COo,  nevertheless,  lor  a  spasmodic  sample  an  engineer 
after  a  number  of  tests  can  tell  whether  any  serious 
amount  of  CO  is  contained  in  the  sample  by  the  percent- 
age of  COo,  provided  that  the  furnace  is  normal,  and  is 
worked  under  normal  conditions.  An  abnormal  state  of 
affairs  may  produce  anything,  as  a  CO^  recorder  gives 
a  constant  reading  and  not  an  average  sample.  One 
can  keep  14  per  cent,  or  less  CO,  and  be  safe  as  far  as 
CO  is  concerned. 

Almost  everything  above  14  per  cent,  will  show  some 
CO,  and  what  difference  does  it  make  how  much  is 
there,  the  fact  that  it  is  indicates  not  enough  excess 
air,  and  therefore  the  CO,  reading  should  be  brought 
down  until  no  serious  amount  of  CO  is  contained  in  the 
sample,  which  under  normal  furnace  conditions  the  writer 
finds  to  be  14  per  cent.  CO2  or  50  per  cent,  excess  air. 

It  is  true  that  it  is  impossible  to  cheat  the  collector, 
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w>  long  as  the  machine  collecti^  a  uniform  sample  of 
gas.  The  ordinary  bottle  turned  upside  down,  allowing 
water  to  drip  out,  thus  taking  in  the  gas,  is  easy  to 
cheat,  as  three  or  lour  times  as  much  water  goes  out 
in  the  morning  as  in  the  afternoon,  due  to  the  difference 
ill  head  pressure.     [See  valve,  page  405. — Editor.] 

It  is  an  easy  thing  to  get  gas  into  a  bottle  and  gel 
it  out  again  for  analysis,  but  it  is  another  thing  to  get 
a  correct  average  sample.  The  bottle  scheme  for  collect- 
ing gas  is  unscientific  and  unsatisfactory.  In  a  large 
Eastern  plant  they  have  a  numljer  of  bottle  collectors, 
and  an  actual  test  proved  that  they  could  not  tell  from 
the  sample  in  the  bottle  within  2  per  cent.  CO.,  what 
the  real  average  was.  For  example,  if  the  bottle  sample 
analyzed  10  per  cent.,  the  true  average  might  be  as  low- 
as  8  or  as  high  as  1"^  per  cent. 

While  Mr.  Pohlman's  statement  regarding  several 
other  troubles  with  V0„  recorders,  such  as  weakening 
of  the  absorption  solution,  breakage,  etc.,  may  be  true 
of  some  older  types,  the  later  types  certainly  do  not  cause 
trouble.  The  writer  knows  several  of  one  make  that  have 
run  for  about  a  year  without  being  touched,  outside  of 
changing  charts  each  day  and  charging  with  caustic 
solution  every  other  week.  These  machines  have  been 
checked  up  with  the  portable  flue-gas  analyzer  and  the 
solution  has  never  failed  to  take  out  all  the  CO,. 

The  Orsat  was  designed  by  a  French  chemist  about 
75  years  ago.  It  is  substantially  the  same  now  as  it 
was  then.  There  have  been  numerous  modifications  of 
the  Orsat  by  chemists  who  never  intended  the  instru- 
ment for  engineering  uses.  There  is  no  engineering 
supply  liouse  dealing  in  Orsats.  The  laboratory  houses 
all  sell  them,  and  some  engineers  buy  them  because  they 
do  not  know  that  there  is  an  engineer's  analyzer  on  the 
market — an  instrument  designed  by  <  an  engineer  and 
especially    adapted    for   the   use    of   engineers. 

Walter  C.  Edge. 

Collingswood,  N.  J. 

Steam-Tight  Valves? 

In  connection  with  the  rcjiort  on  jiage  157  of  the  July 
29  issue  of  tests  on  a  13x1 -"i-in.  Skinner  engine  showing 
a  nearly  constant  steam  rate  from  I/4  to  II4  load,  the 
reason  being  found  in  a  steani-tight  valve,  it  may  be 
of  interest  to  call  attention  to  the  first  report  of  the 
Committee  on  Steam-Engine  Eesearch  of  the  Institutidii 
of  Mechanical  Engineers,  Mar.  17,  1905.  The  rejjort  was 
based  on  an  e.xtensive  series  of  tests  to  determine,  among 
other  points,  the  amount  of  leakage  past  slide  valves 
and  the  effects  of  condensation  and  reevaporation.  The 
steam  ports  on  the  engine  used  for  the  experiments  were 
blocked  and  it  was  run  by  power.  The  valve  was  of 
the  Meyer  expansion  tyiic  The  (ylindcr  heads  and  bai'- 
Tel  were  jacketed. 

It  was  found  that  the  leakage  from  the  steam  chest 
to  the  exhaust  was  nearly  pro]X)rtional  to  the  square 
roots  of  the  differences  in  pressure,  that  it  was  less  with 
good  lubrication,  less  with  increased  overlap  of  the  valve, 
and  that  with  well  fitted  valves,  the  amount  of  leakage 
may  be  over  20  per  cent,  of  the  steam  entering  the  cylin- 
der and  is  rarely  less  than  4  per  cent.  Machinery  for 
May.  1905,  page  483,  gives  a  digest  of  the  report. 

CHAitLKs  H.  Chasr. 

Stoneham.  Mass. 


Preventing  Air- Driven  Pumps  from 
Freezing 

On  page  lliy  of  the  .July  23  issue,  H.  E.  Leonard  raises 
the  question  of  how  to  prevent  an  air-driven  ])ump  from 
freezing  without  heating  the  air. 

In  a  recent  issue,  F.  M.  Benjamin  offers  two  sugges- 
tions. Without  wishing  to  seem  to  criticize  Mr.  Benjam- 
in, the  remedies  proposed  are  inadequate  to  meet  the 
situation  as  it  confronts  Mr.  Leonard. 

The  first  suggestion  made  of  allowing  the  pump  to 
stop  for  five  minutes  and  thaw  out  would  never  avail 
except  under  circumstances  requiring  only  irregular  ser- 
vice. The  second  suggestion  of  spraying  water  through 
the  exhaust  pipe  l)y  means  of  Vs"'"-  pipe  connecting  with 
the  discharge  of  the  puiii)),  will  only  prevent  freezing  in 
that  portion  of  the  exhaust  in  which  the  water  is  kept 
flowing.  It  will  not  help  matters  back  at  the  cylinder 
where  water  is  actually  freezing,  and  gradually  closing 
the  exhaust  pa.ssages.  hi  cold  weather  spraying  water  in- 
to the  exhaust  i)ipe  would,  iiciliajis,  soon  cause  the  outlet 
to  be  frozen  entirely. 

In  the  usual  instaMation  the  siip])]y  |iipc  drains  towai'd 
the  pump  and  a  drip  valve  should  be  placed  to  take  care 
of  the  condensed  vapor  before  it  reaches  the  throttle.  The 
supply  line  should  be  blown  through  prior  to  starting  the 
pump.  Immediately  the  air  jiasscs  the  throttle  a  rapiil 
expansion  takes  place  with  resulting  cooling  and  ice  will 
form  on  the  slide  valve  and  in  the  passages. 

A  mechanical  mixtui'e  of  oil  and  water  in  a  semi- 
saponified  condition  is  dilHcult  to  freeze  and  even  if 
frozen  the  resulting  substance  is  of  a  flaky  structure  and 
very  readily  disintegrated. 

The  following  method  is  dcpeinlent  upon  the  above 
statement,  I  have  tried  it  out  on  jiunips  ojierating  in  zero 
weather  and  met  with  success. 

Place  an  ordinary  sight-feed  lubricator  immediately  be- 
yond the  throttle  and  on  the  pump  side  of  it.  Make  ii]) 
a  mixture  consisting  of  one  part  kerosene,  one  part  en- 
gine oil  and  one  ])art  soap  siids  and  \'i(il('ntly  shake  until 
an  unctuous,  while  iKpiid  is  obtaine(l.  ITse  this  in  the 
lubricator,  allowing  a  feed  of  about  three  drops  ]ier  min- 
ute. 

Snow  flakes  wiif  be  formed  and  blown  out  of  the  ex- 
haust pipe,  but  no  ice  will  adhere  to  the  surfaces  of  the 
\n\\o  chest  or  cylinder. 

Pj.    HUKST. 
r.oonl<in,   \.  ,7. 

Why  Engines  Rock 

In  the  Aiig.  5  issue,  John  F.  Ilurst,  in  answer  to 
an  incjuiry  by  H.  R.  Low,  states  that  the  reason  ftn- 
excessive  rocking  of  an  engine  in  most  cases  is  caused 
by  too  much  compression.  Mr.  Ilurst  by  no  means  stated 
a  lunnber  of  other  important  and  i)robable  causes  for 
such  trouble.  Some  of  these  causes  are  late  admission, 
no  compression,   unbalanced   engine,  poor  foundation. 

I  was  oiKc  called  to  correct  a  rocking  engine  which 
was  direct-connected  to  an  electric  generator.  At  every 
revolution  of  this  machine,  it  seemed  as  though  it  would 
jump  from  the  foundation.  This  unit  had  a  new  con- 
crete foundation,  and  the  erecting  engineer  said  that  the 
trouble  was  due  to  the   construction   of   the   foundation. 
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while  the  concrete  contractor  blamed  the  engine.  1 
applied  the  indicator  and  found  that  the  engine  did  not 
take  steam  until  almost  one-half  stroke.  The  trouble 
was  caused  by  the  governor  being  put  together  wrongly, 
so  that  all  parts  of  the  stroke  were  extremely  late.  On 
reasseinbling  the  governor,  however,  a  very  good  diagram 
was  obtained,  and  the  vibration  had  ceased. 

FuEDKiiiuK  L.  Kay. 
Louisville,   Kv. 


Steam-Expanded  Piston   Rings 

Tlie  issue  of  Aug.  20  shows  illustrations  of  Mr.  Gul- 
hi'Miison's  steam-set  piston  rings.  There  is  nothing  new 
in  connection  with  these  rings,  except  the  number  of 
parts  in  construction,  viz.,  the  (hniblc-packing  ring  and 
the  carrying  ring  beneath. 

1  used  steam-set  rings  nmre  th;in  30  years  ago.  I 
do  not  consider  them  a  good  thing  for  several  reasons, 
the  most  serious  one  being  that  a  cylinder  wears  out  of 
size  at  the  point  of' greatest  pressui't',  or  the  points  from 
admission  to  cutoff. 

I  bored  one  cylinder  that  was  -/',;  in.  larger  at  each 
end  than  in  the  center,  and  needless  to  say  the  piston 
was  not  drilled  with  small  holes  for  steam  under  the 
rings  in  any  of  the  refit  jobs. 

BruT  M.   Skymour. 

Delphos.  Ohio. 

Corliss  versus  Four-Valve  Engine 

I  I'ead  with  interest  ('.  H.  McOaliey's  article  on  the 
ai)ove  subject  in  the  issue  of  July  S. 

Mr.  McGahey  makes  the  following  statement :  "Tli;' 
thermal  loss  is  greater  in  the  four-valve  engine,  as  the 
temperature  of  the  cylinder  is  changed  about  twice  as 
often  as  with  the  Corliss  engine."  This  is  so  funda- 
mentally incorrect  that  I  cannot  refrain  from  comment- 
ing upon  it.  The  high-speed  engine  should  theoretically 
have  a  better  steam  economy  than  the  low-speed  machine. 
One  of  the  greatest  sources  of  loss  in  the  cylinder  is  due 
to  the  initial  condensation  of  the  entering  steam.  The 
low  tem])erature  of  the  exhaust  steam  cools  the  cylinder 
wall  to  a  temperature  considerably  lower  than  that  of 
the  entering  steam.  This  cooling  of  the  wall  requires  a 
definite  amount  of  time,  and  time  is  a  very  important 
factor  in  the  amount  of  condensation  and  not  the  num- 
ber of  changes.  With  sufficient  time  the  temperature  of 
the  wall  would  be  reduced  to  that  of  the  exhaust  steam. 
Before  such  a  reduction  in  temperature  can  take  place 
the  wall  is  again  exposed  to  the  high  temperature  of  the 
entering  steam.  The  rapidity  with  which  this  occurs, 
or  in  other  words,  the  less  time  between  high-tempera- 
lure  baths,  the  higher  will  be  the  wall  temperature  and 
the  less  will  be  the  initial  condensation.  It  is  obvious 
that  if  the  rotative  speed  is  high  the  time  which  the 
cylinder  wall  will  have  for  cooling  off  will  be  less,  there- 
fore there  will  be  less  cylinder  condensation.  Oonse- 
qnently  cylinder  condensation  is  theoretically  less  in 
higli-speed  than  in  slow-speed  engines. 

This  principle  has  so  long  been  recognized  that  I  was 
much  surprised  that  Mr.  McGahey  could  have  been  so 
confused  as  to  make  the  statement  that  the  loss  is  greater 
"as   the  temperature   of   the   cylinder  is   changed   about 


twice  as  often."  The  author  may  possibly  have  had  in 
mind  that  the  same  steam  was  always  passing  through 
the  cylinder  when  evolving  the  theory  that  the  number 
of  changes  in  a  given  time  are  the  determining  factn'- 
It  has  long  been  recognized  as  a  fundamental  principle 
in  thermodynamics  that  if  two  elements  are  brought  in 
contact,  one  having  a  higher  temperature  than  the  other, 
the  one  will  give  out  heat  which  will  raise  the  tempera- 
ture of  the  cooler  element  and  the  cooler  will  give  oui 
"cold"  (so  to  speak;  strictly  e-xpressed,  will  absorb  heat), 
and  this  will  continue  until  the  two  are  finally  of  the 
same  temperature.  This  transfer  of  heat  and  "colij"' 
requires  time. 

There  arc,  of  course,  other  factors  than  cylinder  con- 
densation that  determine  the  final  results  as  to  steam 
consumption  between  the  slow-speed  and  the  high-speed 
engines,  such  as  clearance,  port  opening,  etc.,  but  the 
high-speed  machine  undoubtedly  makes  a  gain  over  the 
slow-s])eed  in  cylinder  condensation.  There  is  also  an- 
other factor  in  favor  of  the  high-speed  machine  regard- 
ing the  cylinder  condensation,  and  that  is  that  the 
amount  of  cylinder  area  in  the  slow  speed  is  greater 
than  in  the  high  speed,  therefore  the  condensation  If-- 
will  be  greater,  due  to  the  greater  radiating  surfai . . 
In  comparing  the  size  engines  mentioned  in  the  article, 
ir)i/^xl8-in.  four-valve  at  220  r.jj.m.  with  the  18x36-in. 
Corliss  valve  at  90  r.p.m.,  which  would  give  about  the 
same  horsepower,  the  cylinder  area  of  the  Corliss-valve 
engine  is  about  twice  as  great  as  that  of  the  four-val\( 
engine. 

I  assume  that  the  indicator  diagrams  shown  in  tin 
article  have  no  relation  to  the  tests  reported  as  the  four 
valve  diagram  shows  about  40  per  cent,  cutoff,  whiel 
presumably  is  not  the  point  of  highest  efficiency  for  the 
particular  engine,  whereas  the  Corliss  shows  about  20 
per  cent,  cutoff',  which  is  very  close  to  the  point  of  high- 
est efficiency.  From  my  experience  and  knowledge  the 
modern  high-grade  four-valve  (Corliss- valve  non-relea.s- 
iiig  gear)  engines  are  giving  results  better  than  the 
slow-speed  Corliss  engines.  I  have  knowledge  of  a  num- 
ber of  very  complete  and  correct  tests  which  have  been 
made  on  four-valve  engines.  For  example,  one  was  a 
240-hp.  four-\alve  engine  operating  with  110-lb.  initial 
steam  pressure  exhausting  to  the  atmosphere,  820  r.p.m.. 
and  the  steam  consumptions  in  pounds  of  dry  steam  per 
indicated  horsepower  for  different  percentages  of  rated 
load  were  as  follows : 


It  is  very  doubtful  if  results  as  good  as  these  have 
been  obtained  on  the  slow-speed  Corliss  engine  of  the 
same  horsepower  rating  operating  under  the  same  con- 
ditions. 

I  also  have  knowledge  of  several  plants  where  period- 
ical economy  tests  have  been  made  on  four-valve  engines 
covering  a  period  of  years,  showing  that  the  steam  con- 
sumption has  not  increased  to  any  extent,  in  fact  in  some 
cases  the  steam  consumption  decreased  after  a  period 
of  considerable  operation,  which  would  tend  to  prove  that 
the  valves  were  tight. 

S.  F.  FiciiCUSON'. 

New  York  City. 

[Previous  discussion  of  this  subject  will  be  found  in 
the  issues  of  Powej;,  September  24,  1!I12,  April  8,  1913 
and  April  15,  1913.— EniTOii.J 
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.s-b:nKlne    Results — What 
producer-gas    engine     in 


average 
coal     per 


tiralie  horsepowe 


About    I'o    lb.,    but    most    plants   use   nearer    two   pa 


Steam  Line  Draining — Should  a  steam  line  to  an  engine 
be  arranged  to  drain  toward  the  engine  or  back  to  the 
boiler? 

W.   G.   M. 

The  general  rule  for  a  steam  line  is  to  drain  in  the  di- 
lection  of  flow  of  the  steam,  but  it  should  drain  from  the 
irst  or  boiler  stop  valve  in  both  directions. 


I  Operating  Turbine  Without  Dry-Air  Pump — Can  any  type 
l>f  turbine  connected  to  a  barometric  high-level  counter- 
■urrent  jet  condenser   be   kept   running  without   an  air   pump? 

M.    F.  K. 
In  case  of  failure  of  a  dry-air  pump  on  an  ordinary  barom- 
■trio  condenser  the  vacuum   would  be   reduced  and   in  a  coun- 

I  r-current  jet  condenser  the  action  would  be  the  same,  the 
lii-     being    drawn     down    with    the    discharging    water.       The 

urbine  could  be  kept  running  but  not  wnth  the  same  load 
ind  steam  pressure  as  tlae  vacuum   would   be  reduced. 


Oil   for  Draft   Gage 

<■    in   draft   gages? 


-What   is   the   best   nonvolatile   oil   for 


W.    G.    M. 


Thin  machinery  oil  makes  a  good  nonvolatile  oil  for  a 
draft  gage.  For  an  ordinary  V-form  of  draft  gage,  if  the 
kage  is  partly  filled  with  water  and  an  equal  depth  of  oil  is 
Iplaced  on  the  surface  of  the  water  in  each  leg  of  the  gage, 
I'vaporation  of  water  is  prevented  and  the  difference  of  level 
iban  be  read  oft  as  inches  pressure  of  water  column  without 
allowance  for  the  specific  gravity  of  the  oil,  as  would  be  re- 
luired  in  reading  a  tube  containing  only  oil. 


Combined  Boiler  an<l  Furnace  Efflcieney — How  is  the  com- 
bined efficiency  of  a  boiler  and  furnace  found,  when  the  heat 
/■alue  of  the  coal  and  the  weight  of  water  evaporated  are 
[inown? 

J.  W.  D. 
To  evaporate  1  lb.  of  water  from  and  at  212  deg".  F.,  970.4 
heat  units  are  required.  If  N  is  the  number  of  pounds  of 
svater  evaporated  from  and  at  212  deg.  and  C  the  number  of 
(British  thermal  units  to  be  realized  in  perfect  combustion 
f  a  pound  of  coal,  then  the  combined  efficiency  of  furnace 
knd   boiler    would    be 

X    X    970.4 


Lwhi. 


Liftlngr    Hot    Water — What    is    the    highest    temperature    at 
iwhich  water  can  be  lifted  by  the  suction  of  a  feed  pump  to  a 
ight  of  5   ft.? 

F.    D.    S. 

The  temperature  of  vaporization  of  water  at  the  absolute 
pressure  of  the  pump  suction.  Lifting  5  ft.,  the  pressure  of 
the  water  column   being 

5  X  0.433  =  2.165  lb.  per  sq.in. 
he  pressure  in  the  uppei"  surface  of  the  column  would  be 

14.7  —  2.165  =  12.535  lb.  per  sq.in., 
^nd  the  highest  theoretical  temperatui'e  at  which  water  could 
De  lifted  would  be  204.1  deg.  F.  Actuall!,-  water  cannot  be 
lifted  5  ft.  at  this  temperature  because  of  the  liberation  of 
^ir  from  the  water,  occasional  vaporization  of  the  water,  and 
leakage  of  air  into  the  pump  or  suction  pipe  causing  the 
pressure  on  the  top  of  the  column  of  water  to  be  in  excess  of 
the   theoretical   amount   of   such   pressure. 


diffe 


betwe 


Injector  or  Inspirator — What  is   the 
jnjector  and  an  inspirator? 

H.  H.  S. 

.     In  marine  practice  and  in  some  localities  the  terms  injector 

and   Inspirator    are    used    interchangeably.    Commercially    the 

jterm  inspirator  is  almost   exclusively  confined   to   the  product 

t   one    company,    which    differs    in    some    important    respects 


om  the  instruments  commonly  classed  under  the  head  of  in 
ctors.      It    consists    essentially    of    a    liftin 
injector    proper.       When    the 


t    and    lifting 
nspirator    is    in    full 


..^ „,      ...j^v,,.,^*      i^.^i^^,.         ,T  1.^11     iiic     iiiapiiitLor     is     in     luji 

operation  steam  is  admitted  to  the  first  nozzle  to  deliver  the 
supply  water  to  the  force  nozzle  By  which  latter  the  Water 
is    forced    into    the    boiler.       Although    the    lifting    and    force 


operation     of    the    force     nozzle 
double-barreled    injectors,    hi 
mercial    name    of    "inspirato 


Steam  Consumption  from  Indicator  Diaeram — How  can   the 

team    consumed    by    an    engine    be    determined    from    an    indi- 
ator    diagram? 

F.   E.   B. 
The   simplest   method    is   to   use    the    formula: 

13,750  .  „      „ 

E)  X  Whl 


-  [(C  -I-  E)  X  W, 


ited    horsepov 


Mean  effective  pressure 
which    gives   the   weight   in   pounds   p 
per  hour 

C  =  Proportion    of    the    stroke    completed    at    a    point    on 
the  expansion  line   which   should   be   taken   near  the 
point     of    actual     cutoff    or     near    the    point    of    re- 
lease. 
H  =  Proportion   of   compression. 
E  =  Proportion   of   clearance. 
We  =  Weight    of    1    cu.ft.    of   steam    at    the    pressure    of   the 

point    considered. 
Wh  =  Weight     of     1     cu.ft.     of    steam     at     the    compression 

pressure. 
We   and   Wh   are   to  be   found   from   tables  of  the   properties 
of    steam. 


Boiler-Openlugr  Reinforcement — How  should  the  relative 
dimensions  of  a  reinforcement  for  a  hole  in  the  barrel  of  a 
boiler  for  a  dome   opening   be   figured? 

W.   N.  A. 

The  opening  being  oval  or  elliptical  in  shape,  not  over  17 
in.  long  and  13  in.  wide,  with  the  longer  axis  placed  in  a  cir- 
cumferential direction  of  the  shell,  a  strengthening  ring 
should  be  riveted  around  the  hole  (generally  placed  inside  of 
the  shell)  and  the  cross-section  of  this  ring  should  be  at 
least  as  strong  as  the  longitudinal  seam  of  the  boiler.  The 
Massachusetts  and  Ohio  regulations  require  such  rings  to 
be  of  wrought  iron  or  cast  steel  with  a  net  cross-sectional 
area,  taken  on  a  line  parallel  to  the  axis  of  the  shell,  not 
less    than    the    cross-sectional    area    of    the    plate    removed    on 


the 


jme  line. 


For  instance,  if  a  17xl3-in,  dome  opening  is  made  on  the 
top  of  a  boiler  with  the  length  of  the  opening  circumfer- 
entially  of  the  shell,  and  the  boiler  shell  is  made  of  ^-in. 
material,    then 

'^    X    13   =    61/2   sq.in. 
will    be    the    greatest    cross-sectional    area    of    shell    removed. 
One   side    of   the   reinforcing   ring,   therefoi-e,    has   a   net   cross- 
sectional   area   of 

61/2  -H  2  =  3  "4  sq.in. 
If  the  ring  be  %  in.  thick  and  riveted  with  two  rows  of 
is  =  0.S125  in.  diameter  rivets,  then  as  each  rivet  would 
remove  0.75-in.  thickness  of  ring  X  0.8125  in.  diameter  of 
rivet  =  0.609  sq.in..  and  assuming  that  there  are  two  rows 
of  rivets  which,  although  staggered,  should  both  be  assumed 
as  in  the  same  cross-section  of  the  ring,  tlien  the  gross  cross- 
section  of  the  ring  should  be 

3.25    -I-    (2    X    0.609)    =    4.46S  sq.in., 
and  the   %-in.   thick  ring  would  be 
4.468 

-    5.95    in., 

0.75 
or    practically    6    in.    wide    for    the    ringr    to    restore    the    full 
strength   of  plate   removed. 

If  the  ring  is  to  equal  the  strength  of  the  longitudinal 
seam,  then  multiply  the  width  (found  to  be  6  in.  as  above) 
by  the  efficiency  of  the  lonKitudinal  seam  of  the  boiler. 
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Evaporation — IV 

Solution  of  Practice  Problems 
The  factor  of  evaporation  for  the  conditions  specified 
ill   the  problem  given  last  week  may  be  ascertained  by 
means  of  the  formula,  also  given  last  week: 
(if  -  0  +  32 
970.4 
By  referring  to  the  steam  table  given  in  the  issue  of 
Sept.  2  it  will  be  seen  that  the  total  heat  of  steam  at 
120-lb.,  abs.,  pressure  is  1189. G  B.t.u.  Then  substituting 
in   the  formula,   we  have 


F  = 


(1189.6  —  160)  +  ;J2  _  1061.6 


=   l.ti'.i-t 


970.4  970.4 

A  boiler  horsepower  is  equivalent  to  the  evaporation 
of  34.5  lb.  of  water  per  hour  from  and  at  212  deg.  As 
explained  last  week  the  equivalent  evaporation  for  any 
set  of  conditions  is  found  by  multiplying  the  actual 
evaporation  by  the  factor  of  evaporation.  Thus,  thc 
ei|uivalent  evaporation  for  the  conditions  given  in  the 
problem  is 

8670  X  l-"i'-t  =  •'+''^•5  ^>J-  per  '"'•■ 
and,  hence,  the  number  of   boiler   horsepower  being  de- 
veloped is 

9485  -^  34.5  =  275. 

Steam  Calorimeters 

It  is  important  to  know  the  quality  or  tlie  percentage 
of  dryness  of  steam  when  comparing  boiler  or  engine 
tests.  If  this  were  not  known  and  taken  into  considera- 
tion the  results  of  some  tests  would  be  misleading. 

Moisture  in  steam  causes  inefficiency  and  when  pres- 
ent in  large  quantities  it  is  troublesome  in  the  steam 
engine  as  it  makes  cylinder  lubrication  difficult  and  may 
cause  knocking.  It  also  tends  to  cause  water-hammer 
in  the  pipes. 

The  device  used  to  discover  the  percentage  of  moisture 
in  steam  is  called  a  steam  calorimeter.  It  is  not  like  the 
fuel  calorimeter  (mentioned  in  the  issue  of  June  10) 
which  is  used  for  estimating  the  heat  value  of  fuels  and 
the  two  should  not  be  confused. 

There  are  three  principal  types  of  steam  calorimeter. 
One  is  the  barrel,  in  which  the  steam  sample  is  injected 
into  a  barrel  of  cool  water  and  the  increase  in  tempera- 
ture and  weight  noted,  from  which  data  the  quality  of 
the  steam  can  be  estimated  as  in  the  lesson  of  Sept.  9. 
This  type  is  not  pojiular,  however,  because  very  slight 
errors  in  reading  temperatures  and  weights  cause  large 
errors  in  the  final  results. 

Another  type  is  the  separating  calorimeter.  In  this 
the  particles  of  moisture  are  separated  from  the  steam 
by  mechanical  means  in  a  manner  similar  to  that  used 
in  an  ordinary  steam  separator  in  a  pipe  line. 

The  third  type  is  the  throttling  calorimeter,  a  form 
of  which  is  illustrated  herewith.  Where  the  percentage 
of  moisture  in   the  steam  does  not  exceed  4  per  cent. 


and  where  the  steam  pressure  is  80  lb.,  gage,  or  over, 
the  throttling  calorimeter  is  very  accurate  and  conveiiieut, 
hence,  its  use  is  preferable.  When  the  contained  mois- 
ture is  greater  than  4  per  cent.,  this  form  of  calorimeter 
is  useless  and  one  of  the  separating  type  must  be  used. 

As  the  quality  of  the  steam  in  the  great  majority  of 
plants  seldom  falls  below  96  per  cent.,  only  the  throttling 
type  of  calorimeter  will  be  taken  up  here.  If  its  princi- 
ple and  operation  are  fully  understood,  no  difficulty 
whatever  will  be  experienced  in  mastering  the  principle 
and   operation  of  the  other  types. 

When  steam  in  expanding  forces  the  piston  ahead  in 
the  cylinder  of  an  engine  it  loses  heat,  which  is  spent 
in  doing  the  work  of  making  the  engine  turn  and  run- 
ning the  dynamo,  shafting  system  or  whatever  the  load- 
giving  apparatus  happens  to  be.  On  the  other  hand, 
when  steam  is  jiermitted  to  expand  from  one  pressure 
to  another  without  resistance,  as  it  does  when  flowing 
from  a  hole  in  a  pipe  or  from  a  valve  into  the  open  air, 
it   tends  to  retain   all   the  heat  it  had. 

To  illustrate,  assume  that  a  boiler  is  generating  steam 
at  a  pressure  of  140  lb.,  abs.,  and  that  this  steam  is 
dry  saturated.  By  referring  to  the  steam  table  in  the 
study  course  of  Sept.  2  it  may  be  ascertained  that  steam 
of  that  pressure  has  a  total  heat  of  1192.2  B.t.u.  per  lb. 
of  steam.  If  this  steam  were  allowed  to  flow  through 
an  opening  directly  into  the  atmosphere,  we  would  find 
that  the  temperature  of  the  steam  after  it  emerged  from 
the  opening,  and  its  pressure  had  dropped  to  that  of  the 
atmosphere,  was  302.9  deg. — that  is,  if  we  were  careful 
to  avoid  error  due  to  radiation  loss.  The  temjierature 
of  saturated  steam  at  atmospheric  pressure  is  212  deg. 
Then,  this  steam  must  be  superheated 

302.9  —  212  =  90.9  decj. 
The  total  heat  of  dr}'  saturated  steam  at  atmospheric 
])ressure  is  1150.4  B.t.u.  per  lb.  This  superheated  steam 
has  all  the  heat  of  dry  saturated  steam  and  some  more, 
as  its  higher  temperature  indicates.  The  specific  heat 
of  superheated  steam  varies  for  different  pressures  and 
temperature,  but  for  the  above  case  would  be  about  0.46. 
Hence,  the  excess  heat  must  be 

90.9  X  0.46  ^  41.8  B.t.u.  per  Jh. 
And  this  value  added  to  the  total  heat  of  dry  saturated 
steam  at  atmospheric  ]>ressure  gives 

1150.4  +  -il-S   =    1192.2   B.t.u.. 
which  is  exactly  the  same  as  the  heat  contained  in  1  Ih. 
of  the  steam  we  started  with,  namely,  dry  saturated  at 
140  lb.,  abs.,  pressure. 

Xow,  if  the  140-lb.  steam  contained  some  moisture, 
the  total  beat  in  the  mixture  of  steam  and  water  would 
be  less  to  begin  with,  and  the  ditterence  between  that 
heat  and  the  total  heat  of  steam  at  212  deg.  would  not 
all  go  to  superheating  the  steam  at  atmospheric  pressure, 
but  some  of  it  would  be  used  up  in  vaporizing  the  en- 
trained moisture  and  the  final  temperature  or  degree  of 
superheat  would,  therefore,  be  considerably  lower  than 
above  shown. 


oepieiiiuer  lo,  laio 


1'  U  \\  ii;  K 


411 


For  instance,  suppose  the  quality  of  the  steam  were 
98  per  cent.,  that  is,  it  contained  2  per  cent,  of  moisture. 
The  total  heat  of  a  pound  of  sncli  a  mixture  of  steam 
and  water  would  be  the  heat  of  the  liquid  plus  the  latent 
heat  of  0.98  lb.  of  steam,  or 

32^.6  +   (867.6  X  0.98)   =  1174.8. 
Subtracting  from  this,  the  1150.4  B.t.u.,  total  heat  in  1 
lb.  of  dry  saturated  steam  at  atmospheric  pre.ssure,  we 
have 

1174.8  —  1150.4  =  34.4  B.t.u. 
excess  heat  instead  of  the  41.8  we  previously  had.    Hence, 
the  degree  of  superheat  would  lie 

24.4  -^  0.46  =  5;5  deg., 
showing  a  final  temperature,  consequently,  of 
312  -f  53  =  265  deg. 

Thus,  by  permitting  steam  to  flow  through  an  open- 
ing into  the  atmosphere,  observing  the  temperature 
change,  and  using  precaution  against  error  due  to  radia- 
tion, we  may  calculate  the  quality  or  moisture  content 
of  such  steam.  A  home-made  form  of  the  throttling 
calorimeter — the  devit'c  used  in  doing  this — is  shown  in 
the  accomjtanying  illustration.  It  can  be  made  of  pipe 
and  fittings  as  shown.  Between  the  flanges  tightly  fit 
a  %-in.  steel  plate  with  a  small  orifice  drilled  through 
its  center.  Tliis  orifice  slioiild  not  be  greater  than  /^ 
in.  in  diameter;  jj-  in.  would  l)c  better.  The  thermome- 
ter wells  can  be  obtained  from  any  instrument  sujjply 
house.  One  concern  quoted  the  writer  a  price  of  $1.60 
apiece  for  the  size  specified  in  Fig.  1.  This  price  in- 
cludes the  mercury  filling  for  the  well.  The  thermome- 
fers  should  have  a  range  up  to  400  deg.,  F.,  at  the  very 
lowest.  The  same  concern  quoted  a  price  of  $3.50  each 
for  thermometers  of  this  range.  While  flie  calorimeter 
can  be  operated  with  fair  success  with  only  the  lower 
thermometer  and  well,  it  is  preferable  to  use  both  an 
upper  and  a  lower ;  the  increased  reliability  of  results 
more  than   offsets  the  ditt'erence  in  cost. 

When  assembled  and  in  place,  the  calorimeter  should 
be  well  insulated  with  magnesia  or  otiici-  covering  to 
■eliminate  radiation  as  much  as  jtossible  and,  hence,  pre- 
vent error. 

According  to  the  boiler-testing  code  of  the  American 
Society  of  Mechanical  Engineers,  formuhited  in  1899, 
the  nozzle  A  of  the  calorimeter  "should  he  placed  in 
the  vertical  stearu  pipe  rising  from  the  boiler.  *  *  '■' 
and  should  extend  across  the  diameter  of  the  steam  pipe 
to  within  1^4  in.  of  the  opposite  side  *  *  *  none 
of  these  holes  (in  the  nozzle)  should  be  nearer  than  1/2 
in.  to  the  inner  side  of  the  steam  pipe." 

Before  any  readings  are  taken  it  is  best  to  let  steam 
blow  through  the  calorimeter  at  full  ju'essure  for  5  or 
10  min.,  so  that  the  entire  apparatus  will  be  thoroughly 
warmed  up  and  error  avoided.  The  thermometers  should 
be  tested  for  accuracy  before  used  and  if  an  important 
variation  is  found  allowance  should  be  made  in  the  read- 
ings. For  very  accurate  work  corrections  are  made  for 
the  error  caused  by  the  exposure  of  part  of  the  thermo- 
meter stem  to  the  rcxim  temperature.  But,  such  con- 
nections are  far  too  small  to  be  of  real  importance  in 
every-day  power-plant  test  work.  So,  tiiey  will  not  be 
considered  here. 

When  making  a  test  for  the  quality  of  steam  have  the 
valve  of  the  calorimeter  wide  open  and  read  both  ther- 
mometers.    The  temperature  shown  by  the  upper  ther- 


mometer should  correspond  very  closely  with  the  tem- 
perature of  steam  at  the  pressure  being  carried  on  the 
lioiler.  This  temperature  is  given  in  the  steam  table. 
If  an  appreciable  difference  is  found  this  may  be  taken 
as  an  evidence  that  eitiicr  the  steam-pressure  gage  on 
the  boiler  or  the  thermometer  is  inaccurate  and  both 
should  be  tested  to  locate  the  trouble. 

After  the  readings  have  been  taken,  the  quality  of  the 
steam  may  be  estimated  by  the  following  formula,  which 
appears  more  formidable  than  it  really  is. 

fl-herc 

Q  =  Quality  of  steam  expressed  as  a  decimal  fraction  ; 
//  =  Total    heat    of    dry    saturated    steam    at    at- 
mospheric pressure.  B.t.u.  per  lb. ; 
/(.  =  Heat  of  the  liquid  corresponding  with  the  pres- 
sure carried  on  tiic  boiler.  B.t.u.  per  lb. ; 
T  =  Temperature  as  shown  1)\'  the  lower  thermom- 
eter degrees,  F. ; 
Ti  =  Temperature  of  saturated  steam  at  atmospheric 

pressure,  degrees,  F. ; 
L  =  Latent  iieat  of  steam  at  tlie  jiressure  carried  on 
the  boiler,  B.t.n.  per  lb. 
To  illustrate  the  use  of  this  formula,  assume  that  the 
boiler  being  tested  is  at  sea  level  and  that  the  tempera- 
ture shown  by  the  upper  thermometer  is  366   deg.   and 
l)y  the  lower  one,  266  deg. 

Eeferring  to  the  steam  table,  we  would  find  that  the 
steam  pressure  corresponding  with  the  temperature  of 
366  deg.  is  165  lb.,  abs.  If  this  figure  checks  up  rea- 
sonably close  with  the  pres.sure  as  shown  l)y  the  ga^e 
on  the  boilers,  we  may  proc-eed  with  our  calculating.  In 
making  the  comparison,  don't  forget  to  subtract  the 
atmospheric  pressure  from  the  figure  showing  the  abso- 
lute pressure,  in  the  present  case,   14.7  lb. 

All  the  factors,  except  Q  ajid  T,  are  given  in  the  steam 
table ;  T,  given  by  the  lower  thermometer  of  the  calorim- 
eter, is  366:  Q  will  be  the  answer.     Substituting, 
.^  ^  (1150.4  —  338.2)  -fO.46  (266  —  212)  _  837.04 
S5(i.8  ~   856.8 

=  0.977 
'Jliat  is,  the  quality  of  the  steam  is  97.7  per  cent. 
Practice  rnoBLEM 
At  a  plant  considerably  above  sea  level,  the  atmospheric 
pressure  is  13  lb.  per  sq.in.     A  boiler  was  being  tested 
for  the  quality  of  the  steam  generated.     The  upper  ther- 
mometer   of   the    throttling    calorimeter    used    showed    a 
temperature    377.6    deg..    while    tlie    lower    thermometer 
showed  286  deg.     The  steam-pressure  gage  on  the  boiler 
indicated    a    pressure    of    177  lb.,   gage.      What    was   the 
qualify  of  the  steam  i' 


Ventilation  Problems  are  to  be  studied  e.xerimentally 
during  the  ne.xt  four  years,  under  the  direction  of  the  follow- 
ing commission:  Prof.  C.-E.  A.  V\-inslow.  of  the  College  of  the 
City  of  New  York;  Prof.  P.  S.  Lee,  of  the  College  of  Physi- 
cians and  Surgeons.  Columbia  University;  Prof.  E.  L.  Thorn- 
dike,  Teachers  College,  Columbia  University;  Prof.  E.  B. 
Phelps  Massachusetts  Institute  of  Technology;  Dr.  James 
Alexander  Miller,  New  York  City,  and  D,  D.  Kimball,  of  Rich- 
ard D.  Kimball  Co.,  15  West  38th  St.,  New  York  City.  A  sum 
of  $50,000  has  been  appropriated  for  the  study,  from  a  gift 
made  by  Mrs.  Elizabeth  Milbank  Anderson  to  the  New  York 
Association  for  Improving  the  Condition  of  the   Pool-. 
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Soda-Ash  for  Boiler  Waters' 
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.^rXOPSIS — The  article  deals  chiejlij  with  llic  troubles 
most  often  experienced  when  using  soda-ash  in  hoUer 
waters.  The  effects  of  diluted  solutions  are  pointed  out 
and  a  normal  solution  is  defined.  The  reason  why  steam 
iiiains  and  valves  corrode  n-hile  the  boilers  are  unaffected 
bij  tlie  soda-ash  is  also  explained. 

The  corrosion  of  boilers  is,  without  doubt,  the  most 
serious  problem  that  confronts  many  engineers.  Among 
the  "home"  remedies  none  are  so  common  and  at  the 
same  time  more  misused  than  soda-ash.  Before  stating 
something  of  what  is  known  about  soda-ash,  tiie  follow- 
ing serves  well  as  an  example  of  one  of  those  |)uzzling 
cases  of  corrosion  that  sometimes  occurs. 

Influenck  oi-  SiLPHri!  IX  Boii.EK  Plate 

It  is  well  known  that  sulphur  is  one  of  the  most 
corrosive  impurities  in  steel.  The  sulphur  in  Ijoiler  plate 
is  distributed  over  the  metal  in  minute  spots  which  are 
claimed  by  many  to  form  centers  in  which  corrosion 
begins,  and  experience  in  a  plant  of  the  Loudon  Elec- 
tric Supply  Corporation  seems  to  verify  the  report: 

A  standby  boiler  was  suffering  from  severe  corrosion 
and  soda-ash  failed  as  a  remedy.  Examination  revealed 
many  blisters  on  the  shell  below  the  water  line  and 
each  blister  contained  a  liquid  which  held  in  suspension 
a  l)lack  powder,  which  on  analysis  proved  to  be  ferrous 
Milphide,  while  the  liquid  was  free  sulphuric  acid.  The 
feed  water  used  was  alkaline  and  free  from  sulphur. 

Peculiar  Actiox  of  Soda-Ash 

It  is  some  time  since  Heyu  and  Bauer  confirmed  the 
fact  that  diluted  solutions  of  .sodium  and  potassium 
carbonate  promote  corrosion,  instead  of  stopping  it,  but 
even  now  very  few  engineers  who  use  soda-ash  know  this 
and  consequently  do  not  know  whether  or  not  they  are 
using  soda-ash  to  the  best  advantage.  The  action  of 
soda-ash  is  peculiar  when  used  in  boilers.  It  does  not 
seem  credible  that  a  diluted  alkaline  solution  will  in- 
crease in  corrosivity  up  to  a  certain  concentration  and 
then  decrease  to  zero  or  nearly  so,  as  the  solution  is 
nuide  stronger,  yet  this  has  been  proven  true  several 
times  within  recent  years. 

IXTERESTIXG  ExPERIEXCE  WITH  SoDA-AsH 

The  most  recent  and  perhaps  the  most  interesting 
experiments  on  the  action  of  soda-ash  in  steam  boilers, 
are  those  conducted  by  Lieutenant  Commander  Frank 
Lyon,  U.  S.  A.' 

Lieut.  Lyon  was  in  charge  of  the  boilers  of  the  "Ore- 
gon," which  were  of  the  tubular  type  and  fed  with  hot 
water  from  open  tanks;  the  water  being  kept  highly  alka- 
line. Corrosion  aboard  the  vessel  was  practically  un- 
known. He  later  spent  three  years  as  senior  engineer 
officer  aboard  the  "New  Jersey,"  the  boilers  of  which 
were  of  the  B.  &  W.  type.  Soda-ash  had  proven  so 
good    aboard   the    "Oregon"    that    Lvon    used    it    in    the 


♦From  a  lecture  before  the  Technical  Society  of  the 
Brooklyn    Union    Gas    Co. 

'"Journal"  of  American  Society  of  Naval  Engineers  for 
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"New  Jersey's"  boilers,  hut  owing  to  the  drums  of  these 
boilers  being  smaller  than  those  of  the  "Oregon,"  the 
amount  of  soda-ash  used  was  less  because  of  fear  of  seri- 
ous foaming.  Corrosion  troubles  of  the  worst  kind  be- 
gan immediately;  in  a  period  of  two  weeks  twelve  changes 
of  boilers  for  renewing  pitted  tubes  were  made. 

Weak  Soda-Ash  Soli-tion.s  CoRiiosivE 

After  three  years  in  expcriiiiciital  investigation  uf 
the  problem  of  preventing  corrosion,  Lyon  learned  what 
others  before  him  had  learned,  namely,  that  different 
concentrations  of  soda  solutions  had  different  corrosive 
effects  on  various  metals.  He  learned  that  the  soda  solu-i 
tion  used  aboard  the  "New  Jersey"  was  so  weak  as  to' 
be  most  corrosive.  If  the  solution  had  been  of  the 
strength  or  concentration  of  that  used  aboard  the  '"Ore- 
gon" no  trouble  would  have  resulted. 

Lyon  called  the  concentration  whose  strength  is  just, 
below  the  one  in  which  local  corrosion  iirst  occurs,  the 
lower  limit  concentration,  the  one  in  which  the  rate 
of  corrosion  is  maximum,  the  critical  concentration,  aiitl 
the  one  just  above  that  at  wliidi  the  last  sign  of  corro- 
sion appears,  the  upper  tiiiiil  <-onceiitration. 

Proper  Stkexoth  of  Solutiox  to  LTse 

Without  going  into  the  details  of  these  experiments, 
we  can  get  the  most  important  information  for  our  pur-; 
pose  from  Lyon's  statement  that  "Any  boiler  using  aujd 
water  can  be  kept  from  corroding  for  any  length  of  timel 
if  treated  with  soda,  and  if  its  concentration  is  mainJ 
tained  at  or  above  3  per  cent,  normal  alkaline  strength.^ 

The  normal  solution  of  soda-ash  is  53  grams  of  pure 
soda-ash  dissolved  in  1  liter  of  water :  3  per  cent,  normai 
would  be  35  grams  per  liter  or  208  grams  per  gal. 
Understand  from  this  that  the  water  in  the  boiler  must 
contain  at  least  208  grams  of  soda-ash  per  gal.  in  order 
to  be  of  a  strength  of  alkalinity  that  prevents  corrosion, 
but  do  not  suppose  that  208  grams  or  nearly  I/2  lb.  must 
be  fed  in  with  each  gallon  of  watei-  during  normal  ojicra- 
tion   of  the  boiler. 

Initial  Charge  of  Soda-A.sh 

Suppose  wfi  are  to  put  a  100-hp.  tubular  boiler  in 
service  with  water  charged  to  3-per-ceiit.  alkalinity.  The 
boiler  will  have  approximately  5000  lb.  or  about  (500 
gal.  of  water  when  full  to  the  normal  water  level.  If 
208  grams  of  soda-ash  is  needed  per  gallon  of  water,  then 
we  will  have  to  put 

208  X  000       ,^.  ,  , 

=  2i.T.13 

453.0 

say  276  lb.  of  soda-ash  into  the  original  water  that  ciiiers 
the  boiler  preparatory  to  starting  up. 

Unless  the  boiler  ]irimes  or  there  are  water  leaks  or 
the  blowoff  is  used  frequently,  little  soda-ash  will  be  lost 
from  the  boiler  and  the  .solution  will  remain  at  the  proper 
concentration.  After  charging  the  water  it  is  best,  per- 
haps, to  operate  the  boiler  under  u.sual  conditions,  titrat- 
ing samples  of  the  water  taken  from  the  boiler  every 
few  days  to  ascertain  how  much  the  solution  has  weak- 
ened.    In   this  way  it  will   not   be   long  before  one  can 
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feed  the  proptT  anioinit  of  soda-ash  to  keeji  thu  alkalinity 
at  about  3  per  ceut.  normal  aud  titrating  will  not  be 
necessary  except  at  long  intervals,  say  two  weeks.  Those 
who  do  not  understand  titrating  conld  use  the  old  but 
simple  method  of  suspending  a  piece  of  clean  boiler  tube 
in  a  sample  of  the  water  and  add  more  soda-ash  to  the 
boiler  waler  if  the  piece  of  tube  shows  signs  of  corroding 
in  a  ])eriud  of  T3  hr. 

BoiLEKs  Unaffkcted  BT'i'  Maixs  Cokkoukd 

One  of  the  most  serious  troubles  accompanying  the 
use  of  soda-ash  is  the  corrosion,  often  rapid,  of  the  steam 
main  and  its  valves,  though  the  boiler  itself  is  free  from 
corrosion,  and  perhaps  the  main  does  not  corrode  near 
the  boiler  but  is  seriously  affected  at  points  a  short  dis- 


bcfore  its  alkalinity  is  reduced  to  the  critical  concentra- 
tion. 

When  boilers  prime  due  to  the  combined  action  of 
*oda-ash  and  the  impurities  in  the  water  it  is  well  known 
that  sodium  phosphate  or  tannic  acid  will  tend  to  prevent 
priming. 

A  Single-Cylinder   Compound  Engine 

If  a  considerable  part  of  the  steam  exhausted  by  the 
liigh -pressure  cylinder  of  a  compound  engine  is  bled 
from  the  receiver  for  heating  and  manufacturing  proc- 
esses the  low-pressure  cylinder  can  be  mitch  smaller  than 
if  it  had  to  work  all  of  the  steam  which  was  admitted 
to  the  engine.    We  recall  a  coniy)ound  at  the  Pacific  ilills 
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tance  tlu'iTlrom.  This  is  due  to  priming  or  wet  sleani 
produced  by  other  causes.  A  ■"slug"  of  water  of  high 
(safe)  concentration  goes  over  into  the  main,  but  before 
being  drained  away  the  concentration  is  reduced  to  the 
critical  (unsafe)  concentration  by  the  water  of  condensa- 
tion from  the  steam  which  is  not  alkaline.  The  best 
Way  of  overcoming  this  trotible  is  to  provide  ample  drains 
in  the  main  near  the  boiler  so  as  to  get  rid  of  the  water 


at  Lawrenee  which  was  run  liatkw  aids,  that  is  the  higii- 
pressure  steam  was  admitted  to  the  hii-ger,  or  low-pres- 
sure, cylinder,  because  so  much  was  taken  from  the  re- 
ceiver that  the  smaller  cylinder  was  large  enough  to  ex- 
pand and  use  what  was  left. 

It  is  readily  apparent,  then,  that  uiuler  favorable  con- 
ditions of  bleeding  the  two  cylinders  of  a  compound  en- 
gine might  be  of  equal  diameter,  or  rather  that  so  much 
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of  the  exhaust  of  the  high-pressure  ryliuder  ina\'  be 
used  that  the  rest  of  tlie  steam  may  I'e  worked  iu  a 
cylinder  of  the  same  diameter  with  the  elfeet  of  a  com- 
pound engine. 

'  u  the  Missong,  single-cylinder  compound  engine,  built 
bv  Thyssen  &  Co.  A.  G.  at  Miilheim,  this  idea  is  utilized 
by  using  one  end  of  a  cylinder  as  the  high-  and  the  other 
end  of  the  same  cylinder  as  the  low-pressure  stage.  Steam 
at  boiler  pressure  comes  to  the  engine  thro\igh  the  pipe 
A,  and  is  worked  in  the  head  end  of  the  cylinder.  The 
pipe  B  carries  the  high-])ressure  e.xhaust  to  the  receiver, 
from  which  as  much  of  the  steam  as  is  needed  for  heat- 
ing, etc.,  is  taken  at  C.  The  remainder  passes  to  the 
crank  end  of  the  cylinder,  where  it  is  further  expanded 
and  exliausted  to  the  condenser.  The  system  is  a]i- 
plicable  only  when  at  least  one-half  of  the  high-pressure 
t>xliaust  can  be  used  outside  of  the  engine. 

Beam  Automatic  Smoke  Preventer 

Another  smoke-preventing  device  has  been  patented 
and  is  designed  to  automatically  regulate  the  admission 
of  air  and  steam  to  the  furnace  of  a  lioiler.  The  device 
i'onsiists  of  a  regulator  for  controlling  the  smoke-prevent- 
ing appai'atus,  and  a  door  deflector  which  causes  the 
entering  air  to  mingle  with  the  steam  from  the  jets. 
Pig.  1  shows  the  device,  which  is  manufactured  by  the 
Eockford  Smoke  Preventing  Co.,  Rockford,  Til.,  applied 
to  a  set  of  boilers.  A  detailed  view  of  the  apparatus  is 
shown  in  Fig.  2. 

This  device  consists  of  a  rocker-shaft  A,  Fig.  3, 
mounted  in  brackets  fastened  to  the  furnace  front.     The 


Fig.  1.  Smoke  Puevextei;  Applied  to  Retudn-Tubu-. 
LAK  Bon.Eiis 

shaft  carries  the  arms  B  which  have  a  chain  connection 
-with  the  doors  covering  the  air  opening  in  the  fire  doori-- 
This  shaft  is  rocked  through  a  link  connection  C.  the 
arms  being  actuated  through  the  contact  of  the  fire  doors 
when  open,  with  the  contact  pieces  on  the  lower  shaft. 
Steam  is  supplied  through  the  main  pipe  D  and  a  con- 
trol valve  pa-sses  through  the  pipe  E,  from  which  it 
c'ischarges  through  discharge  jets  over  the  fire  iu  the 
furnace. 


The  regulator  operates  by  the  passage  of  oil  tbrough 
valves  and  the  filling  chamber  which  is  filled  nearly  full 
with  oil.  When  the  fire  door  is  open  the  motion  is 
transmitted  to  the  rocker-shaft  A,  and  the  piston  in  the 
cylinder  is  raised  through  the  crosshead  connection.  This 
movement  operates  the  damper  and  increases  the  draft, 
opens  the  .steam-control  valve,  permitting  steam  to  be 
discharged  from  the  jets  into  the  furnace,  and  also  opens 
the  air  doors  through  which  air  is  drawn  and  mixed 
with  the  steam  from  the  jets. 

As  the  ))iston   rises  the  oil   contained  above  it  passes 


Details   of    Appakatp 


through  a  valve  which  is  opened  by  the  weight  of  the 
oil.  When  the  fire  has  been  charged  with  fuel  and  the 
furnace  door  is  closed,  the  weight  of  the  operating  part 
causes  the  piston  to  descend  when  the  valve  will  be  seated, 
and  the  oil  will  pa.ss  upward  through  a  valve,  thus  cau.s- 
ing  the  piston  to  slowly  descend.  During  the  time  the 
piston  is  descending,  steam  and  air  are  being  discharged 
into  the  furnace,  and  as  the  piston  reaches  the  end  of  its 
descent  the  oil  in  the  bottom  iiasscs  npw^ird  through  a 
liypass,  giving  the  piston  a  final  quick  mcncmenf  to  .shut 
(iff  the  steam  supjily. 

By  a  screw  adjustment  the  degree  of  opening  of  a  needle 
valve  may  be  varied,  and  the  length  of  the  time  required 
for  the  piston  to  descend  is  changed.  When  the  piston 
i.-  at  the  upper  end  of  its  travel  and  it  is  desired  to  have 
it  descend  quickly  to  an  inoperative  position,  a  bypas.s 
lever  can  be  pulled,  unseating  a  valve  and  permitting  the 
nil  to  pass  H]nvard  witb(uit  restriction. 


I 


U — The  production  of  col 
■at  total  of  59.885,226  short 
of  ?70.294.33S.  These  are 
state,    according-    to    E.     W. 


IHinoiN    foul    I'roilnction    In    1 

in  Illinois  in  1!)12.  reached  the  g 
tons,  with  a  value  at  the  mine 
record-breaking:  figrures  foi-  the 
Parker,  of  the  United  States  Geological  Survey.  The  pro- 
duction in  1912  exceeded  the  previous  maximum,  53.679.118 
tons,  made  in  1911.  by  11.6  per  cent.  The  value  increased  18.1 
per  cent.  Illinois  still  fell  below  West  Virginia  in  tonnage 
^nd  continued  third  in  rank  among'  the  coal-producing  states. 
With  regal  d  to  the  value  of  the  output,  however.  Illinois 
beat  AA^est  Virginia  by  more  in  dollars  than  it  was  surpassed 
by  that  state  in   tonna,ge. 

Texas  Con!  Production  In  1913 — The  production  of  coal  in 
Texas  in  1912  passed  the  2.00().000-ton  mark,  with  a  value  at 
the  mines  of  $3,655,714.  These  figures  are  record  breakers 
for  the  state.  The  output  of  iignite  in  1912  reached  nearly 
1.000.000    tons. 
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Absolute  Pressure  Thermometer 


By  W.  it.  Phillips 


ISYNOPSIS — By  Ihe  use  of  a  special  thrniiuiiictrr  ilie 
engineer  is  enabled  to  read  the  the  temperature  of  .steam 
in  degrees  P.,  and  the  absolute  pressure  in  inches  of  the 
saturated  steam   in  a  turhine-exhaiisf   head. 

Ou  steam  turbines  operating  coiulensing,  vacuum  read- 
ings are  usually  taken  by  means  of  a  mereury  column, 
connected  to  the  exhaust  head  of  the  turbine.  These 
readings,  subtracted  from  the  barometer  readings  taken 
simultaneously,  give,  after  inaking  proper  corrections  for 
temperature  and  other  variables,  the  absolute  pre.ssure, 
or  back  presure,  against  which  the  turbine  is  exhausting. 
Some  engineers  and  turbine  and  condenser  manufacturers 
specify  or  guarantee  certain  re- 
sults when  a  specified  number 
of  inches  of  vacuum  are  ob- 
tained, referred  to  a  30-in.  ba- 
rometer. This  is  confusing  to 
many  and  unnecessarily  compli- 
cates an  otherwise  simple  matter. 

Two  inches  absolute  pre.ssure 
means  the  same  whether  ob- 
tained at  sea  level  with  a  ba- 
rometer at  30  in.  or  at  an  eleva- 
tion of  10,000  ft.  with  a  barom- 
eter registering  20  in.  This 
great  difference  of  elevation,  of 
course,  affects  the  amount  of 
available  energy  in  steam  of  the 
same  initial  gage  pressure,  but 
the  back  ]iressures  have  the  same 
value  and  the  same  temperature. 
Saturated  steam  at  1  in.  absolute 
pressure  has  a  temperature  of 
79  deg.  F.  regardless  of  the  ba- 
rometer. No  matter  what  the  ab- 
solute pressure  may  be,  we  can 
find  the  temperature  corre- 
sponding to  this  pressure  in  a 
steam  table,  and  vice  versa. 
knowing  the  temperature,  the 
corresponding  pressure  can  be 
obtained. 

The  writer  has  had  a  special 
thermometer  made  as  shown 
herewith,  graduated  on  the  left 
side  in  degrees  F.,  and  on  the  right  in  inches  and  frac- 
tions of  an  inch  absolute  pressure.  The  two  graduations 
are  so  arranged  as  to  enable  one  to  read  the  absolute 
pressure  of  saturated  steam  corresponding  to  the  tempera- 
ture recorded  directly  opposite.  The  cut  shows  the  ther- 
mometer registering  84  deg.  On  the  right-hand  scale  we 
read  1.16  in.  absolute,  which,  if  the  instrument  were  con- 
nected to  a  turbine-exhaust  head,  would  indicate  that  the 
turbine  was  exhausting  against  1.16  in.  back  pressure  or 
within  that  amount  of  a  perfect  vacuum. 

This  instrument  was  connected  to  the  exhaust  head 
of  a  3500-kw.  turbine  located  in  a  power  station  where 
readings  are  taken  every  hour  of  each  of  three  watches. 
The  operators  were  instructed  to  take  the  absolute  pres- 


Absolitte  Pressure 
Thermometer 


sure  reading.  All  other  readings  were  taken  oif  the 
station  instruments.  Those  of  interest  in  this  test  con- 
sisted of  a  Standard  U.  S.  AVeather  Bureau  mercurial 
barometer  and  Standard  H.  &  M.  mercury  column,  both 
located  on  a  gage-board  within  6  ft.  of  the  temperature 
pressure-gage.  The  mercury-column  connection  was 
tapped  into  the  exhaust  head  of  the  turbine  within  8  in. 
of  the  special  thermometer  being  tested.  All  readings 
were  taken  under  ordinary  operating  conditions  and  by 
the  three  regular  operators  on  their  different  watches. 
The  test  lasted  five  days,  the  load  on  the  turbine  vary- 
ing from  1200  to  3900  kw.  and  the  vacuum  from  1.3 
to  2.4  in.  absolute.  Every  reading  taken  was  used  in 
making  the  average  result  as  given  herewith : 

Average  absolute  pressure  as  taken  on  mercury 
column  and  barometer,  corrected  for  temper- 
ature         1.941    in.    IlK-. 

Averag'e    absolute    pressure      taken     on      special 

thermometer     1.935    in.   Hr. 


Average  difference  in  100  readings 0.006    in.   llg. 

The  greatest  difference  found  between  these  two  meth- 
ods was  when  the  tuiOjine  was  carrying  an  overload,  and 
(inly  under  this  condition  was  the  temperature-absohite- 
gage  reading  higher  than  that  taken  by  the  mercury  col- 
umn and  tile  barometer.  The  greatest  dift'erence,  0.110 
m.,  being  at  3900  kw.,  showing  that  the  increased  vol- 
ume of  steam  was  slightly  superheated  in  passing  through 
the  last  stages  of  the  turbine. 

The  only  conditions  which  may  interfere  with  the 
accuracy  of  these  readings  are,  the  presence  of  air,  con- 
duction through  the  metal  case  of  the  instrument  and 
superheat.  Regarding  air.  Prof.  Charles  K.  Carpenter, 
(on  page  681,  May  13,  1913)  writes  as  follows:  "Most 
of  the  air  in  the  condenser  seeps  in  through  the  pores 
of  the  condeiKser  and  the  exhaust  piping,  and  their  joints, 
]iarticularly  the  latter,  the  percentage  of  air  present  in 
the  steam  at  the  exhaust  nozzle  of  a  steam  turbine  is 
negligible."  This  statement  agrees  with  the  writer's  ex- 
perience that  any  leakage  in  the  turbine  nozzle  head  is 
usually  at  the  shaft  packing,  which  is  easily  discovered 
and  corrected. 

The  inaccuracy  due  to  conduction  has  l)een  found  to 
be  negligible  in  well  constructed  thermometers  properly 
installed.  Superheat  at  the  exhaust  of  a  well  designed 
turliine  is  impossible,  ext-cpt  ini(h'r  heavy  overload  con- 
ditions. 

The  object  of  this  article  is  not  to  advocate  the  u^e 
of  the  thermometer  absolute  gage  U>v  lest  purposes,  but 
for  station  readings  it  is  sufficiently  iu-iiii-ate,  easily  read, 
and  the  chances  of  errors  are  minimized. 


Power-Plant  Records  in  a  Small 
Station 

SYA^OPSIS — Records  of  Ihr  pliuil  were  kepi  by  means 
of  a  daily  log  and  a  card  .^yslcm .  The  latter  provided 
a  means  for  clieching  ihe  luaiiilcnaiin:  of  ihe  plant. 

Several  years  ago,  soon  after  taking  charge  of  a  pumj)- 
ing  station  in  a  Southern  city  of  some  20,000  inhabitants, 
one  of  the  company's  oflficials  asked  the  engineer  if  it 
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were   practicable   to   keei)   a   record   of   the   eiigiue-room 
expenses. 

A  daily  log,  covering  sueli  items  as  were  then  deemed 
uecessaiy,  thereafter  was  sent  weekly  to  the  office  until 
the  company  sold  out  to  the  municipality.  After  this  no 
records  were  sent  in,  as  the  city  officials  did  not  have 
the  forms  printed.  Lately,  the  weekly  report  has  been 
resumed. 

During  the  interval,  however,  the  records  were  regu- 
larly kept  by  the  engineers  and  were  extended  from  time 
to  time  to  cover  more  details  of  plant  performance.  Al- 
though it  gave  much  useful  information,  it  did  not 
furnish  the  information  wauted,  aud  the  engineer,  for 
his  own  personal  use,  adopted  a  card  system  which  is 
quite  valuable  in  checking  the  maintenance  of  the  plant. 
The  system  carries  not  only  all  items  that  appear  on  the 
log,  but  many  others  that  it  would  be  impracticable  to 
cover  in  this  way. 

All  of  the  apparatus  is  individualized.  In  the  boiler 
room,  for  instance,  each  boiler  is  numbered  and  all  the 
accessory  parts  have  the  same  number,  such  as  furnace, 
setting,  water  column,  blowoff  valves,  safety  valve,  gages, 
steam  pipes,  etc.  These  cards  contain  all  data  relating 
to  the  different  parts,  giving  the  time,  material  and  na- 
ture of  the  repair.  They  are  then  grouped  together  in 
the  file,  all  cards  of  the  same  heading,  such  as  water 
column,  going  together  in  this  specific  information  of 
any  particular  piece  of  apparatus. 

The  same  order  is  carried  out  in  the  engine  room, 
but  in  addition  to  the  repair  card,  each  engine  aud  pump 
has  two  packing  cards,  one  for  steam,  the  other  for 
water,  and  a  valve  card.  They  have  a  special  value,  as 
they  not  only  furnish  information  as  to  the  total  cost  of 
keeping  up  the  supplies,  but  are  a  valuable  means  of 
comparing  the  relative  merits  of  different  manufacturers' 
goods  when  running  under  like  conditions  of  service. 
These  cards  are  filed  in  a  vertical  cabinet  so  arranged 
that  any  heading  is  easily  visible.  It  is  always  at  hand 
and  it  is  not  necessary  to  look  back  through  a  mass  of 
records  when  information  on  any  particular  subject  is 
wanted. 

There  is  no  record  of  the  feed  water  as  several  makes 
of  meters  have  been  tried  from  time  to  time  and  dis- 
carded. Two  tanks  are  erected  on  platform  scales  and 
once  or  twice  a  week  the  water  is  weighed  for  several 
hours,  and,  as  the  load  is  fairly  constant,  an  approximate 
estimate  is  made  of  the  average  daily  water  evaporated. 

A  fireman  efficiency  record  is  kept,  based  on  the  per- 
centage of  CO.,  in  his  flue  gases,  both  on  the  log  and  on 
a  monthly  form.  In  addition  to  the  log  and  card  system 
a  loose-leaf  ledger  is  kept,  in  which  the  unit  cost  of  water 
pumped  is  recorded  (the  pumpage  being  based  on  plunger 
displacement)  consisting  of  operating,  maintenance  and 
fixed  charges.  As  it  is  not  practicable  to  separate  the 
maintenance  and  operating  charges — the  plant  is  too  small 
to  have  a  special  card  for  upkeep  work — the  former  is 
divided  into  five  heads :  labor,  fuel,  waste,  miscellaneous 
supplies,  and  fixed  charges.  The  total  cost  of  each  of 
these  items  for  the  24  hours  divided  by  the  number  of 
thousand  gallons  of  water  pumped  gives  the  unit  charge 
tinder  that  head.  The  whole  combined  give  the  total 
unit  charge  for  the  day. 

Coal  is  the  item  subject  to  most  variation  in  making 
up  the  daily  charge,  as  it  is  necessary  to  estimate  the 


cost  at  the  furnace.  This  can  be  arrived  at  approximately 
in  advance,  the  coal  being  weighed  as  it  is  hauled  from 
the  car  and  again  at  the  boiler.  It  might  seem  that  this 
means  a  good  deal  of  bookkeeping,  but  as  a  matter  of 
fact  30  minutes  a  day  is  ample  time  to  check  up  and 
make  all  the  necessary  computations. 

It  does  not  make  so  much  difference  how  much  of  a 
record  the  engineer  tries  to  keep,  it  is  the  regularity  with 
which  it  is  done  that  counts.  The  daily  log  may  be  fille'l 
out  in  the  evening,  but  the  card  system  should  be  at- 
tended to  immediately  after  making  a  repair,  for  if  the 
charge  is  forgotten  the  system  is  v.nlueless.  The  engineer 
may  not  have  all  the  apparatus  for  accurately  determin- 
ing the  output  or  performance  of  his  plant,  but  he  can 
know  a  great  deal  about  it. 

Public  Service   Commission  Acts  in 
Landlord  and  Tenant  Case 

An  important  decision  has  been  made  in  the  case  of 
Alonzo  B.  Knight  against  the  United  Electric  Light  & 
Power  Co.,  of  New  York,  in  which  the  Public  Service 
Commission  has  ordered  certain  contract  riders  to  the 
rate  schedules  discontinued.  These  riders  were  as  fol- 
lows: 

INCLUSION  OF  TENANTS'  CONSUMPTION — WHOLESALE 
RATE 
It  is  further  understood  and  agreed  that  the  customer  win 
exclude  all  other  electric  service  trom  the  building  and  not 
install  a  private  plant  for  light  ana  power  during  the  term  ot 
this  contract,  and  to  guarantee  the  use  of  100,000  kw.-hr.  an- 
nually in  said  building.  Said  guarantee  shall  include  all  cur- 
rent consumed  by  the  tenants  in  the  building  as  well  as  all 
current  consumed  by  the  undersigned.  It  is  understood,  how- 
ever, that  the  accounts  of  the  tenants  shall  have  no  further 
connection    with   the   contract. 

CONJUNCTIONAL   SERVICE 
It  is  further   understood   that  in   view  of  the  fact  that  the  ' 
buildings  enumerated   are   supplied   under  the   wholesale   c( 
tract,    are    not    more    than    100    ft.    apart,    are     under     common  j 
ownership  or  leasehold,  and  may  be  served  from  a  single  cen- 
ter   of   distribution,    the    current    required    for    them     may     be 
taken  collectively  in  determining  the  rate  to  which  the  under- 
signed is   entitled  under  this  contract. 

INCLUSION  OF  TENANTS'  CONSUMPTION — GENERAL  RATE' 
It  is  further  understood  and  agreed  that  the  owner  or- 
buildings  enumerated  in  this  contract  are  under  common  own- 
ership or  leasehold,  are  intercommunicating  within  the  build- 
ing, and  are  classed  under  one  fire  risk  and  operated  as  a" 
single  property,  and  that  the  owner  agrees  to  purchase  under 
this  contract  the  current  for  all  the  apartments  within  the. 
building  or  buildings,  that  the  United  Electric  Light  &  Power 
Co.  will  furnish  and  set  meters  for  said  apartments  and  will 
render  if  required  by  the  customer  an  itemized  statement  un-; 
der  this  contract,  giving  tne  readings  and  numbers  of  the  in- 
dividual meters.  Stores  within  the  building  or  buildings  ara 
not  classed  as  apartments.  They  may  be  included  at  the  op- 
tion  of  the  owner  or  lessee. 

It  is  further  understood  and  agreed  that  the  building  ois 
lessee  will  be  responsible  for  the  consumption  of  current 
within  the  building  included  herewith. 

According  to  the  first  two  riders  the  tenants  under 
the  general  rate  wotild  pay  10c.  per  kw.-hr.  for  the  first 
250  kw.-hr.  of  monthly  consumption,  the  rate  gradually 
decreasing  until  it  becomes  5c.  per  kw.-hr.  for  an  excess 
of  1500  kw.-hr.  of  monthly  consumption,  the  wholesale 
rate  being  available  only  upon  the  guarantee  of  100.000 
kw.-hr.  of  annual  consumption.  The  landlord,  on  tho 
other  hand,  in  consideration  of  his  promise  to  exclude  all 
other  service  and  not  install  a  private  plant,  is  granted 
a  rate  based  not  upon  his  own  consumption  but  upon  that 
of  all  his  tenants  taken  collectively.    In  a  memorandum 
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lufoinpaiiyiiig  tiw  order.  Commissioner  Malthie  cites  the 
'ollowiiig'  example: 

Assume  that  the  landlord  uses  in  one  year  3000  kw.-hr. 
md  in  the  month  in  question  200  kw.-hr.;  that  the  total  con- 
sumption of  landlord  and  tenants  is  150,000  kw.-hr.  annually 
md  that  a  certain  tenant's  bill  for  the  month  is  for  200  kw.-hr. 

The  landlord  will  pay  an  average  of  4gc.  per  kw.-hr.  or 
S9.30.  whereas  the  tenant  will  pay  at  the  rate  of  10c.  per 
iw.-hr.   oi-   $20   for  the   same   amount   of  electric   energy. 

The  seeoiid  rider  simply  permits  the  above  to  lie  applied 
'oUeetively  to  all  buildings  under  common  ownership  or 
easehold  which  are  not  more  than  100  ft.  apart  and 
vhich  can  be  served  from  a  single  center  of  distribu- 
ion. 

TJuder  the  third  rider  the  electric  company  installs 
iiid  reads  the  meters  on  the  tenants'  premises,  rendering 

0  the  landlord  a  statement  accordingly.  The  landlord 
lays  for  this  current  at  the  wholesale  rate  and  in  turn 
barges  the  tenants  at  the  retail  rate,  the  difference 
imounting  to  a  handsome  profit  for  the  landlord.  An 
'xample  under  this  rider  cited  by  Commissioner  Maltbie 
s  as  follows: 

Assume  an  owner  or  lessee  consumes  in  a  certain  month  5000 
:w.-hr.  and  that  no  one  of  them  uses  more  than  250  kw.-hi'. 
rhe  landlord  will  receive  a  statement  from  the  company  giv- 
ng  the  reading  of  each  meter  and  the  total,  which  in  the 
lase  assumed   will   be   coitiputed   as   follows: 

i'irst           250  kw.-hr.  at  10c $25.00 

Jext           250  kw.-hr.  at  9c 22.50 

Jext           250  kw.-hr.  at  8c 20.00 

Jext           250  kw.-hr.  at  7c 17.50 

Jext           500  kw.-hr.  at  6c 30.00 

Jext         3500  kw.-hr.  at  5c 175.00 

Total   5000   kw.-hr.    at   5.Sc $290.00 

The  landlord  may  now  charge  the  tenants  at  the  regu- 
ar  10c.  rate,  which  will  lie 

4800  kw.-hr.  at  10c.  =  $480 

From  this  it  appears  that  the  landlord  will  get  his 
lurrent  free  and  in  addition  will  make  a  profit  of  $190 
or  a  single  month.  But  as  he  would  have  to  pay  at  the 
.Oc.  rate  if  he  had  no  rider,  the  latter  has  improved  his 
ondition  to  the  extent  of  $210  per  month  as  compared 
s'ith  the  landlord  who  has  no  such  rider  in  his  contract, 
n  a  year  this  would  amount  to  a  fine  iirofit. 

Boiler  Manufacturers'  Convention 

The  twentj'-fifth  annual  convention  of  the  American 
Joiler  Manufacturers'  Association  was  held  in  the  Hollenden 
iotel,  Cleveland,  Ohio,  on  Sept.  1  to  4,  inclusive.  .\s  usual, 
iniform  boiler  specification  laws  were  the  chief  matter  to 
eceive    attention. 

The  first  session  was  opened  at  2  o'clock  on  Monday 
.fternoon  with  the  customary  address  of  welcome  by  the 
nayor.  the  Hon.  Newton  D.  Baker,  to  which  Col.  B.  D.  Meier, 
(resident  of  the  association  responded.  A.  V.  Cannon  then 
rave  an  address  on  "Uniform  Boiler  Specifications"  in  which 
le  took  up  the  problems  encountered  and  discussed  them 
rom    their    legal    aspect. 

.•\t  the  Tuesday  morning  session  the  report  of  the  Com- 
nittee  on  Uniform  Specifications  and  Construction  of  Boilers 
vas  read  by  Chairman  Meier  and  approved  by  the  vote 
if  the  association.  A  large  delegation  of  the  National  As- 
ociation  of  Tubular  Boiler  Manufacturers  was  present  by 
nvitation  to  listen  to  the  reading  of  the  report  and  discuss 
ts  provisions.  The  report  is  a  continuation  of  the  one  pre- 
ented  last  year  at  the  New  Orleans  meeting  and  reported  in 
lur  issue  of  April  2.  1912.  During  the  year  the  committee 
end  out  a  large  number  of  letters  requesting  criticisms  and 
omments  on  the  report  as  made  last  year.  From  the  17  re- 
)lies  all  of  which  were  favorable  it  was  assumed  the  re- 
lort  required  no  marked  alteration.  One  change  recom- 
mended was  that  all  plates  be  stamped  with  the  figure  of  the 
ven  100  lb.  nearest  to  the  tensile  strength  figure  shown  by 
,lie  test  piece. 

1  The  membership  of  the  National  Association  of  Tubular 
poller  Manufacturers,  as  its  name  implies,  is  composed  solely 
if  fire-tube   boiler   makers.      It    was    organized   a   little   over   a 


sear  ago  in  Cincinnati  and  usually  meets  there  about  once  a 
month.  At  the  invitation  of  the  American  Boiler  Manufactur- 
ers' .Association  it  held  its  September  meeting  in  Cleveland 
during  the  latter's  convention  so  that  the  report  of  the  com- 
mittee on  uniform  specifications  might  receive  joint  consider- 
ation. The  Tubular  Boiler  Manufacturers'  Association  han 
issued  a  set  of  standard  specifications  of  its  own  which  has 
been  officially  accepted  and  is  used  by  34  manufacturing 
concerns.     This  will  be  published  in  an  early  issue. 

At  the  Tuesday  afternoon  session,  L.  I.  Teomans  read 
a  paper  on  "Factory  Efficiency";  W.  C.  Connelly  presented  one 
on  "Shop  Costs,"  and  T.  E.  Durban  gave  a  third,  on  "Uni- 
form  Boiler  Specifications." 

UNIFORM  BOILER  SPECIFICATIONS 

By  way  of  introduction  Mr.  Durban  stated  that  he  thought 
that  the  manufacturers  themselves  had  in  a  degree  ob- 
structed the  securing  of  a  uniform  specification  through  petty 
jealousies  and  individual  anxiety  to  secure  slight  selling  ad- 
vantages through  changes  in  specifications.  However,  with 
ever  multiplying  state  and  city  provisions  for  inspection,  etc.. 
and  with  the  advantages  and  benefits  to  all  of  a  uniform 
specification  growing  more  apparent,  the  desired  end  seems 
encouragingly   near. 

Notwithstanding  an  existing  federal  law  applying  to  lo- 
comotive boilers  for  interstate  traffic,  it  was  the  opinion  of 
President  Taft  and  those  senators  and  congressmen  con- 
sulted and  it  is  the  present  opinion  of  many  able  lawyers  that 
a  national  law  applying  to  stationary  boilers  would  not  be 
valid.  The  fact  that  a  boiler  is  built  in  one  state  and  shipped 
for  use  in  another  does  not  seem  to  bring  it  into  the  class  of 
apparatus  controllable  by  interstate  commerce  laws.  Also, 
the  common-sense  argument  that  whereas  the  United  States 
provides  for  marine  boiler  contiol  it  should  also  provide  for 
stationary  boilers,  on  the  ground  that  life  is  no  less  sweet  on 
land  than  on  water,  does  not  carry  weight  when  it  comes  to 
legal   validity. 

Hope  in  the  direction  of  a  national  law  being  faint,  it  re- 
mains for  manufacturers  and  others  interested  to  do  all  they 
can  toward  securing  uniformity  in  the  laws  passed  by  the 
various  states  and  cities.  Existing  laws  have  been  found  to 
be  of  great  benefit  as  far  as  safety  of  life  and  property  is 
concerned.  But  the  lack  of  uniformity  in  them  is  a  needless 
hardship  on  manufacturers  and  a  real  expense  to  the  pur- 
chaser who,  in  the  end,  must  pay  for  the  cost  of  maintaining 
on  hand  the  large  assortment  of  stock  which  the  manu- 
facturer is  forced  to  carry  so  that  he  may  satisfy  the  di- 
verse  conditions   imposed   by   the    laws   of   various   localities. 

One  glaring  abuse,  resulting  from  imperfectly  framed 
laws,  exists  because  in  some  cases  the  steel  tor  some  uses  is 
specified  as  firebox  steel  while  in  other  instances  flange  steel 
is  satisfactory.  Mr.  Durban  stated  that  from  data  in  his 
possession  apparently  there  was  practically  no  difference 
between  firebox  and  flange  steel  that  came  from  the  same 
mill  as  both  showed  the  same  chemical  and  physical  prop- 
erties. Therefore,  it  is  his  opinion  that  the  difference  be- 
tween flange  and  firebox  steel  to  pass  Massachusetts,  Ohio 
and  Detroit  inspection  and  the  ordinary  steel  consists  mainly 
of  the  extra  charge  which  the  mill  must  make  in  order  to 
put  the  required  number  of  stamps  on  the  plate  to  meet  the 
law.  What  Mr.  Durban  considers  to  be  of  far  greater  im- 
portance than  stamps  showing  bland  names  such  as  firebox, 
flange,  etc.,  are  stamps  showing  mill-test  numbers.  These 
should  be  so  placed  that  they  would  not  become  lost  in  the 
process  of  manufacture  and  would  be  accessible  to  the  in- 
spector. 

In  summing  up.  these  specific  recommendations  were 
made:  A  factor  of  safety  of  5.  Specification  of  a  uniform 
steel  and  that  this  specification  cover  flange  steel.  That  the 
steel  be  marked  with  heat  numbers  instead  of  the  brand 
name.  A  minimum  tensile  strength  of  60,000  lb.  per  sq.in. 
That  the  steel  be  subject  to  the  bending  and  quenching  test. 
That  the  phosphorus  content  must  not  exceed  0.03  per  cent.; 
sulphur,  0.04  per  cent.,  and  manganese,  0.5  ,  per  cent.  That 
weldless  crowfoot  type  braces  be  used  of  the  same  quality  of 
steel  as  the  plate,  and  that  they  be  figured  on  a  basis  of  7500 
lb.  per  sq.in.  of  section  in  the  brace,  and  that  on  this  basis 
no  brace  be  used  containing  more  than  1.28  sq.in.  of  sec- 
tional area.  That  through  braces  either  above  or  below  the 
tubes  be  weldless  and  be  figured  on  7500  lb.  per  sq.in.  of  area: 
that  all  seams  be  butt  strapped  with  inside  and  outside  cov- 
ering strips.  That  all  manholes  be  11x15  in.  That  no  plates 
be  used  in  a  tubular  boiler  thicker  than  %  in.  That  all  holes 
for  rivets  be  punched  %  in.  small  and  reamed  to  size.  That 
all  fine  holes  be  punched  V2  in.  small  and  reamed  to  size. 
That  no  cast  iron  be  used  in  connection  with  the  boiler  either 
for  reinforcement   or   any   other   purpose. 

That  all  plates  be  beveled  on  a  planer  instead  of  sheared 
on  a  bevel  shear.  That  water  column  connections  all  be 
114    in. 
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Demonstration  on  a  A-'"-  plate  showed  that  it  is  impos- 
sible to  do  a  good  job  on  a  splitting  shear,  and  that  the 
same  objection  that  exists  to  a  punched  hole,  holds  good  in 
the  use  ol"  a  splitting  shear  on  thick  plates.  That  is.  that 
the  metal  is  distorted  by  use  of  a  splitting  shear. 

At  the  annual  election  on  Thursday  the  following  officers 
were  elected:  E.  D.  Meier,  New  York  City,  president;  J.  D. 
Farasey,  Cleveland,  Ohio,  secretary;  Joseph  P.  Wangler,  St, 
Louis,  Mo.,  treasurer;  Thomas  M.  Rees,  Pittsburgh,  Penn., 
first  vice-president;  J.  Don  Smith,  Charleston,  S.  C  second 
vice-president;  H.  D.  MacKinnon,  Bay  City,  Mich.,  third  vice- 
president;  L.  E.  Connelly,  Cleveland,  Ohio,  fourth  vice-presi- 
dent, and  Robert  Jay,  Oswego,  N.  Y..  fifth  vice-president.  The 
first  six  officers  mentioned  were  reelected,  according  to  cus- 
tomary proceedure.  New  York  City  was  chosen  as  the  place 
for  the  next  annual  meeting  which  will  be  held  in  September, 
1914. 

Prominent  among  the  entertainment  features  was  an  ex- 
cursion by  boat  to  Cedar  Point  which  occupied  the  entire  day 
on  Wednesday  and  the  annual  banquet  Thursday  evening. 
The  latter  event  was  an  especially  festive  one  as  it  com- 
memorated the  twenty-fifth  anniversary  of  the  organization. 
Other  entertainment  features  were  an  informal  reception  on 
Monday  evening,  an  automobile  ride  foi-  the  ladies  on  Tues- 
day, a  theater  party  on  Tuesday  evening  and  a  shopping  tour 
for   the   ladies    on   Thursday. 

Boiler  Carries  318  Per  Cent,  of 
Rating 

In  Bulletin  51.  the  Edge  Moor  Iron  Co.  gives  results  of 
three  interesting  tests  on  one  of  its  736-hp..  water-tube 
boilers  equipped  with  a  Foster  superheater  and  a  Taylor 
stoker.  The  tests  were  made  at  the  Westport  generating 
station  of  the  Consolidated  Gas,  Electric  Light  &  Power 
Co.,  of  Baltimore.  The  boiler  contained  a  total  of  7361  sq.ft. 
of  water-heating  surface  and  429  sq.ft.  of  superheating  sur- 
face. 

In  the  first  test  of  two  hours'  duration,  2340  boiler  horse- 
power was  developed.  This  is  318  per  cent,  of  the  rated  ca- 
pacity. The  other  two  tests  were  run  for  eight  hours  and 
the  horsepower  developed  was  210  and  248  per  cent,  of  rat- 
ing, respectively.  In  the  order  given  the  evaporation  per 
square  foot  of  water-heating  surface  was  10.97,  7.26  and  8.57 
lb.  The  steam  pressures  were  172.1,  169.7  and  167.4  lb.  In 
the  same  order  the  steam  was  superheated  103.5.  130.4  and 
106.6  deg.  The  latter  part  of  the  bulletin  is  devoted  to  the 
time  required  to  obtain  a  high  rate  of  evaporation  from  a 
banked  fire,  and  to  the  value  of  rear  passes  in  a  boiler. 


A  Cold-Storage  Banquet 

Foreign  delegates  to  the  Third  International  Refrigera- 
tion Congress  which  takes  place  in  Chicago  from  Sept.  17  to 
Oct.  1  will  be  the  guests  of  honor  at  a  unique  banquet  at 
which  only  foods  and  beverages  that  have  passed  through 
refrigeration  will  be  served.  Most  of  the  foodstuffs  have 
been  collected  by  the  United  States  Department  of  Agri- 
culture. Each  delegate  at  the  feast  will  be  presented  with  a 
souvenir  menu  giving  an  officially  certified  history  of  each 
article  of  food  served. 

The  frozen  eatables  now  at  Washington  will  be  sent  to 
Chicago  prior  to  the  opening  of  the  refrigeration  show  to 
be  held  at  the  International  Amphitheater  and  will  be  in  the 
huge  $10,000  ice  box  which  will  occupy  the  most  conspicuous 
space  at  the  exposition  and  will  be  used  exclusively  for  the 
government  exhibits. 

Organizations  which  have  arranged  to  hold  annual  or 
special  meetings  during  the  congress  include  the  American 
Meat  Packers'  Association,  American  Association  of  Refrigera- 
tion, American  Society  of  Refrigerating  Engineers,  National 
Ice  Association,  Eastern  Ice  Association,  Western  Ice  Manu- 
facturers' Association,  Southern  Ice  Association,  Southwest 
Ice  Manufacturers'  Association,  Illinois  Ice  Dealers'  Associa- 
tion, Indiana  Ice  Dealers'  Association '  and  the  Louisiana  Ice 
Manufacturers'  Association.  Many  other  associations  will 
be   represented   by   delegates. 

Fastedt  Ship  In  the  World — .\ccording  to  a  special  cable 
dispatch  to  the  New  York  "Sun,"  the  new  Russian  destroyer 
"Novik"  is  the  fastest  ship  in  the  world,  having  developed  37.3 
knots  in  her  trials  at  .Swanemuende.  She  was  built  at  that 
place  from  designs  by  the  Vulcan  Company  and  was  fitted 
with  turbines  and  boilers  made  by  that  company  at  Ham- 
burg  and   Stettin. 


NEW     PUBLICATIONS 


THE   GAS   ENGINE   HANDBOOK,   Seventh   Edition.      By   E.   W. 
Roberts.      Published    by    the    Gas    Engine    Publishing    Co., 
Cincinnati,   Ohio;    323   pages;    iV^'X■^   in.;   illustrated.      Flex- 
ible  leather.      Price,    $2. 
In   order   to   bring   the   book   thoroughly   uptodate   much   of 
the   text  of  the  previous  editions   has  been  rewritten  and   thf 
formulas  on  design  have  been  revised,  wherever  necessary,  tn 
correspond    with    present    practice. 

The  text  has  been  grouped  under  three  general  heading."!, 
namely:  Descriptive  Matter,  Design,  and  Operation,  TestiiiK 
and  Selection.  Under  the  first  heading  are  taken  up  the  gas- 
engine  cycles,  fuels,  valves,  carbureters,  vaporizers  and  mi.\- 
ers.  igniters,  governors,  automobile,  marine  and  aeronautical 
motors  and  lubrication.  Under  design,  are  considered  the 
proportioning  of  the  various  parts,  in  which  connection  the 
various  formulas  are  given.  The  third  division  includes  sug- 
gestions for  selecting  an  engine  to  meet  different  conditions, 
starting  and  stopping  engines,  troubles  and  how  to  remedy 
them,  and  rules  for  making  and  woiking  up  gas-engine  tests. 
The  author  has  made  a  strong  plea  for  the  two-stroke- 
cycle  engine,  pointing  out  the  false  ideas  about  this  type  and 
the   cause    of   its    unpopularity    in    certain    lines. 

The  whole  treatment  of  the  subject  is  thoroughly  practical 
and  the  style  is  clear  and  concise.  We  have  no  hesitancy  in 
recommending  it  to  the  engineer  or  designer  desiring  a  reaiij- 
reference  on  gas-engine  matters. 


Freeman  Wines,  formerly  of  Newark,  N.  J.,  has  taken  th>- 
position  of  chief  engineer  of  the  New  Metropolitan  Hoti  1, 
Asbury    Park,   N.   J. 

John  A.  Stevens,  Lowell,  Mass.,  has  just  completed  a  term 
of  six  years  as  a  member  of  the  Massachusetts  Board  of 
Boiler  Rules  and  has  been  succeeded  by  Frederick  A.  Wallace. 

Stephen  A.  Staege  and  Raleigh  H.  Bennett,  engineers,  and 
Charles  E.  Dewey,  architect,  Watertown,  N.  Y.,  formed  a 
partnership,  Aug.  31,  1913,  under  the  firm  name  Staege,  Ben- 
nett   &    Dewey,    engineers    and    architects. 

William  H.  Sargeant.  for  the  past  13  years  chief  operating 
engineer  at  the  plant  of  the  Prudential  Insurance  Co.,  New- 
ark, N.  J.,  has  been  appointed  chief  engineer.  He  will  now 
handle  the  executive  as  well  as  the  operating  end  of  the 
plant. 

Walter  Pryor,  for  a  number  of  years  chief  engineer  of  the 
Henry  R.  Worthington  plant  at  Harrison,  N.  J.,  now  holds  the 
position  of  superintendent  of  plants  for  the  Eclipse  Tanning 
Co..  with  headquarters  in  Newark,  N.  J.  Mr.  Pryor  has  nine 
plants    under    his    charge. 

Otis  Funderburk,  formerly  Michigan  manager  for  the 
Findeisen  &  Kropf  Manufacturing  Co.,  maker  of  the  Ray- 
field  carburetor,  has  been  appointed  sales  manager  of  the 
carburetor  division  of  the  Detroit  Lubricator  Company,  which 
is   making   and   marketing    the   Stewart   carburetor. 

Frank  S.  Washburn,  of  Nashville,  Tenn.,  president  of  tlie 
.American  Cyanamid  Co..  Niagara  Falls.  N.  Y.,  has  been  elected 
to  fill  the  unexpired  term  of  James  Mitchell,  formerly  presi- 
dent of  the  Alabama  Power  Co.,  Birmingham,  Ala.  J.  W. 
Worthington,  of  Sheffield,  Ala.,  has  been  chosen  one  of  the 
vice-presidents.  Mr.  Washburn  is  also  president  of  the  Good- 
man Manufacturing  Co..  of  Chicago;  is  the  consulting  en- 
gineer of  the  Crescent  Coal  &  Coke  Co..  Nashville,  Tenn.;  is  a 
director  in  the  .American  National  Bank  of  Nashville,  and  is 
connected    with    other    industrial    and    banking    institutions. 

KaDNaN  Coal  Production  in  1912 — The  production  of  coal 
in  Kansas  in  1912  increased  from  6,178,728  short  tons,  valued 
at  $9,472,572,  in  1911,  to  6,986,182  tons,  valued  at  $11,324,130, 
according  to  figures  compiled  by  E.  W.  Parker,  of  the  United 
States  Geological  Survey,  in  cooperation  with  the  Geological 
Survey  of  Kansas.  The  gain  amounted  to  13  per  cent,  in 
quantity,  and  19.5  per  cent,  in  value.  The  average  price  pi.^r 
ton  advanced  from  $1.50  to  $1.62.  The  increased  production 
in  Kansas,  as  in  the  other  Southwestern  States  in  1912,  may 
be  attributed  to  the  diminished  supply  of  fuel  oil  and  natural 
gas  from  the  Mid-Continent  field.  These  fuels,  especial'/ 
fuel  oil  (on  account  largely  of  the  increased  demand  for 
gasoline),  have  been  virtually  removed  from  the  steam  trade 
and    steam    users    have    returned    to    coal. 
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BEFORE    AND    AFTER    TAKING 

(Drawn  by  Delevan  E.  Whaley,  Reading,  Mich.     Achiowledgment  is  made  to  T.  E.  Powers  for  tlie  use  of  the  manikins.) 
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Features  of  the  Lemp  Brewing  Company's  Plant 


SYNOPSL'<— Eight  Heine-type  boilers  fitted  irilh  in- 
struments for  securing  high  economy j  ancient  and  mod- 
ern' types  of  boiler-feed  pumps  and  a  mixed- pressure 
lurbo-generator  are  the  chief  distinguishing  features  of 
this  modern,  well  I'ept  plant. 

As  a  class,  brewery  power  plants  rank  high.  The 
maehiuery  is  almost  always  of  good  construction  and 
well  kept  and  a  cleanly  well  painted  appearance  is  ehar- 
acteri.stic.  In  many  plants,  especially  in  those  of  medium 
and  large  size,  much  attention  is  paid  to  efficiency,  both 
as  regards  type  of  apparatus  and  methods  of  operation. 
A  plant  which  is  particularly  noteworthy  in  these  respects 
is  that  of  the  Wm.  Lemp  Brewing  Co.,  St.  Louis,  Mo., 
which  furnishes  light,  power,  heat  and  refrigeration  for 
one  of  the  largest  breweries  in  the  world. 

A  general  exterior  view  of  the  boiler  house  only  is 
given  in  Fig.  1 ;  the  engine  house  is  to  the  right  and  the 
piping  connections  between  the  two  are  all  carried  on  the 
covered  bridge  seen  extending  over  the  railroad  track. 

The  present  boiler  equipment  consists  of  eight  O'Brien- 
Heine  type  water-tube  units  rated  at  500  hp.  on  a  -basis 


of  10  sq.ft.  per  hp.  There  is  room  for  two  more  boilers 
of  the  same  size.  The  boiler-room  floor  is  about  15  ft. 
above  grade  level,  the  ash-handling  floor  being  at  grade. 
The  working  steam  pressure  is  125  lb.,  gage,  per  sq.in. 
Coal  is  delivered  in  hopper-bottom  ears  which  are  run 
into  the  building  on  a  trackway  extending  under  one 
end.  This  trackway  is  provided  Avith  scales  so  that  the 
car  and  shipment  can  be  weighed  just  before  the  coal  is 
unloaded  an^  the  weight  of  the  empty  car  can  be  ascer- 
tained immediately  after  the  delivery.  The  coal  is 
dumped  from  the  car  directly  into  a  crusher  which  dis- 


cliarges  it  to  a  bucket  conveyor  running  beneath.  This 
conveyor  extends  up  the  wall  at  one  side,  across  over  the 
bunkers  and  down  the  wall  at  the  other  side  in  the  usual 
manner.  The  buckets  are  ]8x21:-in.  in  size,  and  the 
conveyor  has  a  capacity  of  80  tons  per  hour.  The  con- 
veyor is  driven  by  a  10-hp.  motor. 

Ash-Handlixg  Equipment 

The  ash-handling  arrangement  is  somewhat  unusual. 
The  boilers  are  located  in  two  rows  of  four  facing  each 
other  across  a  wide  firing  aisle.  The  ashpit  hoppers  are 
provided  with  special  fireproof  gates  so  arranged  that  the 
ashes  can  be  dumped  in  the  shortest  possible  time  to 
avoid  prolonged  cooling  of  the  boilers  during  cleaning. 
A  narrow-gage  track  extends  under  the  ash-hopper  gates 
under  each   row   of  Ijoilers  and  at  each   end   turns  and 


Fig.  2.  Yikw  in  Ash  "Roo^r,  Sho\\  ixii  ili:)iTi 


A XI I  Cabs 


runs  across  the  room  to  a  chute  opening.  Small  steel 
hopper-bottom  cars,  as  shown  in  Fig.  2,  placed  on  this 
track,  receive  the  ashes  from  these  boilers. 

The  cars  are  moved  l)y  a  small  electric  locomotive,  de- 
signed by  Wm.  Koedding,  master  mechanic  for  tln' 
Lemp  Co.  Power  for  this  locomotive  is  supplied  through 
a  double-trolley  pole  in  contact  with  overhead  supply  aud 
return  wires,  suspended  from  a  wooden  strip  fitted  with 
guard  strips  at  each  side.  The  locomotive  motor  is  a 
2-hp.  high-speed  machine,  speed  reduction  being  accom- 
plished by  a  worm  gear  which  is  connected  with  the 
locomotive  wheels  by  chains  and  sprockets.  The  motor- 
starting  mechanism  is  operated  by  a  lever  at  either  end 
of  the  locomotive.  To  make  the  locomotive  run  in 
either  direction  a  lever  is  pushed  in  the  desired  direc- 
tion and  held  in  that  position.  The  levers  are  counter- 
weighted  so  that  when  the  hand  is  removed  they  imme- 
diately assume  a  vertical  position  and  automatically  cut 
out  the  motor.  Due  to  this  fool-proof  construction  a 
special  operator  is  not  required. 

The  gates  of  the  ash  hoppers  ai'e  of  the  flat,  sliding 
type  and  are  opened  and  closed  by  a  rack  and  pinion. 
They  are  lined  with  firebrick  to  prevent  frequently  burn- 
ing out.  The  present  set  of  gates  has  been  in  service 
for  aliout  21/^  years. 

The  conveyor  carries  the  ashes  to  the  top  of  the  boiler 
house  and  dumps  them  into  a  large  storage  and  weighing 
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Fui.  :i.  Asii-Stukaiuc  Weiuii   ll(irri:i; 


I-'k;.   4.    \'ti:\\'    i\    'iiii':    lioiLi-.ii    ItooM 


liuppur,  Fig.  3,  wliieli  occujjies  a  eoriier  of  Ihe  boiler 
loom  over  the  railroad  trackway  before  mentioned. 

The  hopper  is  constructed  of  structural  steel  and  sheet 
iron  and  lined  with  concrete  to  prevent  corrosion.  Its 
capacity  is  about  40  tons  and  it  is  fitted  with  a  40-ton 
beam  scale.  Tlie  ashes  are  weighed  at  the  end  of  every 
.s-hi-.  shift  and  when  an  approximate  carload  has  accu- 
mulated the  total  weight  is  taken  as  a  check  and  the 
ashes  are  discharged  by  gravity  to  a  car  below  and 
Temoved. 

Siftings  from  the  boiler  stokers,  whicli  are  of  thv 
•chain-grate  type,  manufactured  by  the  Lacle<le-Christie 
Co.,  are  caught  in  bifurcated  hoj^pers,  one  of  which  is 
shown  in  the  foreground  in  Fig.  2.  Four  tracks,  one 
tmder  each  pair  of  opposite  boilers,  extend  across  the  ash 
room  and  each  carries  a  car,  similar  to  the  ash  cars, 
to  receive  the  siftings.  When  a  earful  is  obtained  the 
car  is  pushed  across  the  room  by  hand  and  the  siftings 
.are  emptied  into  chutes  which  feed  onto  the  conveyor 
and  are  carried  to  the  bunkers  above. 

The  stoker-driving  shaft  is  hung  on  the  ceiling  of  the 
ash  room  and  the  eccentric  rod  for  each  unit  extends 
through    a    slot    in    the   builer-room    flour.      The   stokers 


Fig.  5.   DAiiPEn-CoNTnoL  Levek 


are  driven  by  a  10-hp.  variable-speed  motor.  The  speed 
may  be  changed  by  hand  as  required.  A  small  high- 
speed vertical  steam  engine  is  provided  for  emergency 
use.  The  area  of  grate  surface  for  each  boiler  is  100 
sq.ft. 

The  chimney  is  of  tlie  radial-brick  design  and  3-50  ft. 
high  above  grates  by  11-ft.  inside  dininrtrr. 


Fig.  6.  Main  Boiler-Feed  Pump  and  Old  Auxiliary     Fig.  7.  Water  Weigher  and  Boiler-Compound  Tank 
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As  cspwial  attention  is  jriven  to  the  matter 


hoi  lei - 


room  cronomy,  the  boilers;  have  an  uniis;iially  completo 
equipment  of  gages  and  instruments.  A  bank  of  six 
'  Precision  Instrument  C'o.'s  automatic  C0„  recorflers  are 
located  as  shown  in  Fig.  4.  six  being  all  that  are  re- 
quired, as  more  than  six  boilers  are  never  operated  a( 
any  time.  These  instruments  are  piped  so  that  any  our 
may  be  connected  to  any  boiler. 

The  draft  is  controlled  by  an  individual  butterlly 
damper  for  each  boiler  and  adjusted  by  a  lever  and 
wedge,  as  shown  in  Fig.  .5.  located  at  a  convenient  point 
on   tin-   ^nli    ■if   till'   ^I'liiiiLT.   as   niav   be   seen   in   Fig.    i. 


surlaies  are  kept  thereby  in  a  high  state  of  efficiency. 

Arrangement  is  made  whereby  any  boiler  may  be  tested 
without  undue  inconvenience,  and,  consequently,  frequent 
tests  are  made. 

The  feed  water  is  tested  regularly  for  scjvli'-l'oiiiiing 
ingredients  and  treatment  is  prescril)ed  to  suit. 

BoiLi:Tt-Fi;i;i)   Kqii i-m i:.\r 

The  three  boiler-feed  pumps  are  an  interesting  study 
in  the  art  of  steam-pump  development.  First,  there  is 
nn  ancient  walking-beam  steamboat  type  which  has  seen 
over  25  years  of  service.     The  beam,  some  of  the  water 

cylinders   and   connecting   rods,    and    part    <if   tlic   crank 


Fk;.  s.    MixKi)-Pi;Ksst  I!E  Tunno-CiKXKiiAToi; 


Xear  the  damper-control  handle  on  each  boiler  setliug 
is  a  differential-type  draft  gage  which  indicates  the  draft 
en  the  boiler  side  of  the  damper.  In  addition  there  is 
;>.  recording  draft-gage  connected  with  the  main  uptake 
dl'  each  row  of  four  boilers.  A  record  of  the  steam  pres- 
sure is  kept  by  a  Bristol  recording-pressure  gaga  con- 
I'ected  witli  the  main  steam  header.  A  recording  high- 
range  thermometer  registers  the  flue-gas  temperature  at 
1  he  point  where  the  breeching  enters  the  chimney.  The 
line  ga.ses  are  periodically  analyzed  by  hand  as  a  check 
'•u  the  autoHiatic  machines.  The  feed  water  is  measured 
by  a  AVorthington  meter  and  a  Hammond  water  weigher, 
one  serving  as  a  check  upon  the  other.  The  boilers  are 
equipped  with  Bayer  Sdot  blowers  and  the  heat-absorbing 


disk,  may  be  sc'in  in  Fig.  6.  There  are  four  8xl6-i)i. 
plunger-type  water  cylinders  situated  next  to  the  center 
column  supporting  the  walking-beam.  Beyond  these  cyl- 
inders at  the  left  is  the  one  steam  cylinder,  which  is 
10x32  in.  in  size  and  double  acting.  Beyond  the  water 
cylinders  at  the  right  are  the  crank  and  flywheel. 

This  pump,  although  capable  of  good  economy,  a.s 
boiler-feed  pump  economies  go,  is  now  a  sort  of  pensioner, 
and  only  tised  in  cases  of  extreme  emergency.  Along- 
side of  it  and  occupying  the  foreground  of  Fig.  6  is 
a  turbine-driven  centrifugal  pump,  typifying  the  latest 
practice  in  boiler-feed  apparatus.  This  pump,  'W'ith  a 
capacity  of  350  gal.  per  min.,  is  the  main  boiler  feeder. 
The  third  pump,  an  Epping-Carpenter  1 2x8x1 2-in.  hori- 
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zoiital  (liiiilex,  located  to  the  right  of  the  turbine-driveu 
unit,  IS  employed  only  for  emergency  service.. 

The  feed  water  is  pumped  from  a  closed  heater  in  the 
engine  house  to  an  open  Cochrane  heater  located  at  a 
high  point  in  the  boiler  house,  whence  it  flows  by  gravity 
to  the  water  weigher,  which  is  on  a  level  with  the  top 
of  the  boilers.  Fnmi  this  weigher  the  water  is  discharged 
by  gravity  to  an  8x20-ft.  coagulating  tank  and  a  filter 
below  on  the  boiler-room  floor,  from  which  the  feed 
pump  receives  its  supply.  The  feed  water  goes  to  tlif 
boilers  at  a  temperature  of  from   190  to  800  deg.   F. 

At  each  discharge  of  the  weigher  a  small  i)ump  on 
the  boiler-compound  tank  which  is  shown  at  the  left 
in  Fig.  1  is  operated  by  means  of  an  arrangement  of 
levers  and  a  definite  quantity  of  the  compound  is  in- 
jected into  the  water  while  the  latter  is  being  discharged. 

Water  is  purchased  from  the  city  and  after  passing 
through  the  city  meters  is  distrilnited  l)y  a  10-in.  Worth- 
ington  centrifugal  pum}),  driven  by  a  lG5-hp.  Curtis 
horizontal  single-stage  non-condensing  turbine  at  a  sjX'cil 
of  2000  r.p.m.  The  j)ump-discliarge  pressure  varies  from 
80   U>   100   111. 

Mt.\i:i>-l'ui;.ssrKi:  Ti  imiiM': 
Hel'rigeration  is  prii\iilr(l  by  fi\e  Dc  J^a  \'ergne  double- 
iii'ting  conipressoi's,  tlii'cc  rated  at  17'(!  and  two  at  220 
tons.  All  are  driven  by  horizontal  Corliss  engines.  The 
ixiiaiist  from  the  36x36-in.  steam  ends  of  the  two  larger 
imichines  is  used  in  a  Curtis  mixed-pressure  turbine  to 
drive  a  500-kw.  direct-current  generator,  Fig.  8.  If 
needed,  the  exhaust  from  the  32x36-in.  steam  ends  of  the 
fhree  smaller  machines  may  also  be  supplied  to  the  tur- 
bine through  a  bypass.  Ordinarily,  however,  these  oper- 
ate condensing.  In  order  to  be  able  to  change  from 
condensing  to  non-condensing  operation  easily  and 
quickly,  Mr.  Koedding  has  fitted  an  adjusting  mechan- 
ism into  the  rods  connecting  the  exhaust  valves  and 
wristplate  on  all  the  machines  so  that  the  li'iigth  of  these 
rods  may  bo  vhanged  without  shuttinu  ilnwn. 


This  turbo-generator  operates  at  a  speed  of  1500  r.p.m. 
and  produces  direct  iiirrcut  tor  three-wire  distribution 
at  250  and  125  vohs.  Its  installation  has  eliminated 
the  use  of  three  200-k\v.  vertical-compound  condensing 
Corliss  engines  and  effected  a  marked  economy  in  the 
overall  steam  consumption  of  the  plant. 

In  addition  td  the  rather  complete  equipment  of  in- 
struments for  sfciii-ijig  boiler  rconomy  the  plant  is  fitted 
with  General  Electric  steani-tlow  meters  for  measuring 
the  steam  .supplied  to  the  \arions  departments.  Thei'c 
is  also  a  portable  recording-flow  meter  for  testing  and, 
checking  the  demands  of  the  difl'erent  departments,  and 
a  portable  indicating-flow  meter  for  testing  any  piece  (d' 
steam-consuming  apparatus  when  desired. 

Any  changes  made  in  tlie  design  or  equipment  of  the 
plant  are  decided  upon  and  worked  out  by  an  engineer- 
ing board  consisting  of  Wm.  J.  Lenip,  president  of  Ibc 
company,  who  is  a  mechanical  engineer,  J.  T.  Norton, 
architect,  and  Wm.  Koedding,  master  mechanic.  The 
oi)eration  of  the  jilant  is  under  the  direct  supervision  of 
tiie  last  named. 


Turbine  Rotor  C^limbs  Stairs 

It  is  not  every  turbine  rotor  that  i>erforms  the  i)he  ' 
nomeiial  feat  of  bursting  through  its  casing,  jumpiii<: 
over  an  air  compressor  and  climbing  stairs  leading  into 
the  yard,  all  in  one  nonstop  dash.  Yet  a  100-kw.  I)" 
Laval  impulse  turbine  in  the  plant  of  the  Alpha  Port' 
land  Cement  Co..  Philliji.sburg,  N.  J.,  claims  this  dis^ 
tinction. 

Deternnned  to  preserve  the  it'imtation  it  thus  estab- 
lished it  endeavored  to  try  it  all  o\ri'  again  about  two 
weeks  after  the  first  "break." 

This  is  how  it  happened  :  The  machine,  whose  normal 
speed  was  9000  r.]).m.,  di'ove  two  small  generators  through 
gears.     Due  to  some  cause,  not  explained,  the  speed-  be- 


.Vi;i:c)ws  IxnicAT^:  the  Cociisk  Takkn  f.y  the  I'otoh  of  'I'iie  TuinuxE  at  the  lUdirr 


-The  exhaust-steam  sujiply  line  to  the  turbine  is 
equipjied  with  a  hu'ge  Cochrane  oil-and-water  separator 
having  a  capacity  of  50,000  lb.  per  hr.  Normally,  the 
steam  enters  the  turbine  at  a  vacuum  of  about  3  in.  of 
mercury  and  discharges  into  a  vacuum  of  27  or  28  in. 
developed  by  two  Alberger  surface  condensers  of  3000 
sq.ft.  each.  The  condensed  steam  is  used  in  a  250-ton 
can  ice  plant.  The  live-steam  supply  to  the  turbine  is 
cut  in  automatically  when  the  available  exhaust  steam 
becomes  insufficient. 


came  excessive.  The  rotor  bui'st  through  the  casing, 
knocked  away  a  6-iu.-  exliau.st  pipe,  leaped  over  a  small  air 
compressor  onto  the  floor  in  front  of  the  cement  stairs 
leading  out  of  the  engine  room.  From  here  it  darted 
for  the  stairs,  successfully  climbing  them  until  it  reached 
the  third  .step,  where,  owing  to  its  excessive  speed,  it 
lost  its  toe  hold  and  ground  out  about  5  in.  of  the  step 
before  turning  back  into  the  room  previous  to  a  35-ft. 
lunge  into  an  inoffensive  foundation.  Wheeling  quickly 
to  the  home  stretch  it  crashed  into  another  similar  foun- 
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-(latioji  It)  It.  away  and  llion  sped  aci'oss  the  floor  nearly 
to  the  starting  point. 

The  arrows  in  the  ]iliotograi)h!<  .show  vhe  route  taken 
by  tlie  rotor.  When  the  niai-hine  received  the  necesi^ary 
repairs,  aaid  about  two  weeks  after  this  startling  piece  of 
misbehavior,  it  again  sought  liberty  by  endeavoring  to 
do  the  stunt  over  again  and  would  have  succeeded  bul 
for  the  presence  of  the  engineer  who  foiled  it  by  shut- 
ting off  the  steam. 

The  second  accident  was  caused  by  a  defective  geai- 
shaft,  which  broke.  The  effect  was  like  an  increase  of 
load  and  the  governor  on  the  opposite  shaft,  o])erated  to 
admit  more  steam.  Before  the  s])eed  became  damaging 
the  engineer  shut  off  the  steam. 

Examination  of  the  shaft  showed  that  it  was  hollow  foi' 
at  least  9  in.  of  its  length.  The  break  occurreil  1  in. 
from  the  flange  on  the  generator  end.  The  cracks  or 
hollow  extending  into  the  shaft  about  314  in-  The  cracks 
in  the  other  end,  which  was  bent  nearly  U-shape,  were 
much  deeper,  being  about  6%  in. 

The  cross-sectional  area  of  the  shaft  was  reduced  so 
much  as  to  allow  for  no  undue  strains,  and  it  would  a])- 
pear  that  a  sudden  increase  of  load  snapped  the  shaft. 
Fortunaiciv,  no  one  was  injured  in  eitlicr  accident.    ^ 


Toledo  Center  Finder 

This  tool  is  made  to  use  with  a  carpenter's  steel  square, 
ivs  illustrated,  when  it  will  readily  determine  the  center 
measurement  of  pipe  fittings;  it  covers  a  range  of  sizes 
from  1  to  6  in.  It  is  made  of  steel,  with  a  ground  face. 
Each  si  raight-edge  is  graduated,  one  edge  is  iV  in-  one 


r   po' 


ToLEno  Center  Finder 

%  in.,  and  one  is  i/i  iu  The  cross  brace  of  the  finder 
forms  an  arc  of  a  circle  and  serves  as  a  protractor,  being 
graduated  down  to  5  deg. 

In  addition  to  its  use  a.s  a  center  finder,  the  instru- 
ment can  be  used  for  .striking  correct  angles  and  inclina- 
tions in  laying  out  piping. 

The  method  emplov^ed  t"  find  the  center  of  a  fitting  is 


t(i  hold  1I1C  same  true  against  the  wide  tine  of  the  square 
and  push  up  against  the  finder,  which  will  slide  one  way 
or  the  other  on  the  S(|uare  until  it  seats  itself  in  the  fit- 
ling.  The  pointer  on  the  finder  will  then  show  the  meas- 
urement desired.  The  finder  is  nuide  by  the  Toledo  Pipe 
Threading  Machine  Co.,  Toledo,  Ohio. 


Improved  Falls  Engine  Stop 

The  improvement  recently  made  to  this  engine  stop  ' 
is  confined  to  the  arrangement  of  the  front-head  mechan- 
ism, whereby  the  solenoid  is  mounted  in  the  upper  half 


Casing 


Fic!.  1.  Solenoid 
ON  Valve 


Fig.  3.  Pal'kingles.s 
Stdffing-Box 


of  the  valve.  Fig.  1,  and  to  the  simplified  speed-limn 
band  in  which  the  pivoted  bearing  has  been  done  awa} 
with.  Au  improvement  has  also  been  made  by  the  manu- 
facturer, the  Falls  Machine  Co.,  Sheboygan  Falls,  Wis.. 


Fig.  3.    Stop  Valve,  Speed-Limit  Band  and 
Connections 

in  the  elimination  of  the  stuffing-box  in  the  front  head 
of  the  valve,  as  the  joint  has  been  made  packingless, 
Fig.  3.  The  steam  pressure  inside  the  valve-stem  shoul- 
der acts  against  the  squared  end  of  the  yalve  stem  and 
holds  it  firmly  seated  against  the  valve-stem  bushing  and 
seat.  The  contact  face  on  the  valve-stem  shoulder  is 
curvilinear,  its  corresponding  seat  in  the  valve-stem  bush- 
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ing  being  of  a  straight  bevel  form.  The  two  faces  are 
lapped  together  to  form  a  ground  joint,  which  eliminates 
leakage  of  steam. 

Eeferring  to  Pig.  3,  which  shows  the  speed-luuit  band, 


shuiild  the  cable  break  at  any  point  the  weight  lever  on 
the  front  head  is  relefised,  which  action  occurs  if  the  stop 
is  operated  from  a  hand  stopping  station  or  by  the  speed- 
limit  band. 


Pacific  Mills  Coal-  and  Ash-Handling  Equipment 


SYNOPSIS — A  coal-  and  asJi-Jiamlliiig  .si/steiii,  cun^i.sl' 
ing  of  three  distinct  parts.  The  first  is  a  pivoted  bucket 
conveyor  to  transfer  the  coal  from  the  cars  to  the  coal 
bunkers.  The  second  part  consists  of  charging  cars  for 
conveying  coal  from  the  hunlcers  to  the  holier  room,  and 
the  third  part  is  an  industrial  raihray  system  for  remov- 
ing ashes. 

The  completeness   of  the  coal-   and   ash-handling  ap- 
paratus in  the  power  iilant  of  tlic  new  print  works  of  the 


j  Fig.  1.   Pivoted  Bucket  Conveyor 

Pacific  Mills,  South  Lawrence,  Mass.,  shows  that  large 
industrial  plants  appreciate  that  economy  can  be  ob- 
tained by  employing  uptodate  apparatus  in  the  power 
plant  as  well  as  by  the  use  of  improved  machinery  in  the 
manufacturing  departments. 

There  arc  three  distinct  parts  to  this  equipment.  The 
3rst  consists  of  a  pivoted-biicket  conveyor  which  receives 
:he  coal  from  the  railroad  cars  and  distributes  it  into 
:he  storage  pocket.  In  addition  to  this  conveyor  a  motor- 
Iriven  car  distributes  coal  to  parts  of  the  storage  pocket 
lot  i-eaehed  by  the  conveyor.    The  second  part,  consisting 


of  charging  cars  and  an  industrial  railway,  is  used  to 
convey  coal  from  the  storage  pocket  to  the  boiler  room. 
The  third  part,  consisting  of  another  industrial  railway 
system,  is  for  the  removal  of  ashes. 

Coal  is  brought  to  the  plant  in  railroad  cars  of  the 
bottom-dumping  type  and  is  distributed  into  a  pit  under 
the  track.  It  then  passes  into  an  electrically  driven  coal 
cracker,  which  breaks  up  the  large  chunks  of  bituminoi|s 
coal  into  lumps  of  proper  size  for  firing.  The  coal  cracker 
discharges  through  a  revolving  filler  to  a  pivoted-bucket 


^^^^^K^^^^^^^^^^^^^^Sm      i jl^g >T^ ■ ".'   '^'l^^H^B^H 

"iG.  2.  Top  of  Coal  Bin,  Vertical-Run  Conveyor 
AND  Empty  Return  Buckets 


Fig.  3.   Electrically  Driven  Dump  Car 

conveyor  which  runs  through  the  tunnel,  shown  in  Pig. 
1.  and  then  rises,  as  shown  in  the  rear  of  Pig.  2,  and  car- 
ries coal  to  the  distributing  chutes,  each  of  which  is  pro- 
vided with  an  automatic  tri])  so  tliat  the  coal  can  be  dis- 
charged from  the  conveyor  buckets  into  any  chute  desired. 
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Fig.  4.    Boilku-Koom  Chakginc;  Cak  and 
loaihng  hoppices 

Tlic  motor-drivt'ii  conveyor  driver  is  located  on  the  upju'r 
level.  The  conveyor  i.s  driven  by  an  open-fjoared  pawl 
driver. 

Besides  the  coal  pocket  .shown  in  Fig.  2,  there  is  an 
au.xiliary  row  of  storage  bins  at  the  extreme  left  of  the 
building.  For  filling  these  bins,  the  conveyor  can  be  ar- 
ranged to  discharge  into  an  auxiliary  hopper,  Fig.  3, 
which  is  used  for  filling  an  electrically  operated  car  of 
2-ton  capacity,  running  on  a  track  over  the  storage  bins. 

The  bins  have  a  combined  cajiacity  of  10,000  tons  of 
coal,  but  are  so  subdivided  that  the  individual  bins  can 


Fig.  5.   Weighing  the  Coal 
be  emptied  in  a  few  minutes  in  case  the  coal  commences 
to  heat  and  there  is  danger  of  spontaneous  combustion. 

Taking  up  the  second  part  of  the  system ;  from  the 
liins  shown  in  Fig.  2,  the  coal  is  drawn  off  through 
du]ilex  valves  into  boiler-room  charging  cars,  as  shown 
in  Fig.  4.  Although  these  cars  arc  of  1-ton  capacity,  they 
can  be  filled  in  a  verv  short  time — loss  than  a  minute. 


Fig.  (!.    ("iiahging  CIaks  in  Fkont  of  Boilees 

The  charging  cars  arc  pushed  by  hand  onto  the  scales. 
Fig.  5,  and  a  record  of  all  the  coal  burned  is  kept.  The 
cars  are  then  pushed  into  the  boiler  room,  as  showji  in 
Fig.  6.  The  two  outside  tracks  are  so  located  that  tli 
fireman  merely  drops  the  side  of  the  car  and  shovels  the 
coal  into  the  furnace.  The  middle  track  is  provided  for 
shunting  out  enijjties  and  running  in  full  cars. 

These  coal  cars  are  designed  especially  to  facilitate  fir- 
ing the  coal  into  boiler  furnaces.  They  are  made  of  sheet 
steel,  stiffened  with  angle  iron,  the  corners  rounded  oil 
for  the  workmen's  hands  and  the  bottom  flush  riveted. 
When  the  side  door  is  let  down,  its  'bottom  is  slightly 
jiigbcr  than  the  fluor  (if  the  car,  sn  that  the  fireman  will 
not  catch  his  shovel   when  scciopiiig  up  the  coal. 


Fig.  7.   .Ash  Cak  anh  .Vsii  {'unri: 
This  completes  the  coal-handling  t'quipment  which  has 
a  capacity  of  60  to  70  tons  an  hour,  more  than  ample  to 
keep  the  30  boilers  supplied  when  running  at  full  capac- 
ity. 

Fig.  7  shows  the  room  underneath  the  boilers,  for  the 
removal  of  ashes.  The  !k.«h  car  has  been  designed  so  a.« 
t<i  be  ]iractically  dust-]irn()f.     .\s  sikhi   as  the  car  is  run 
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iiiidor  the  asli  hopper,  a  lever  at  the  tup  ot  the  eai-  i.-' 
pulled  down  and  a  telescoping  spout  on  the  ear  is  siiuved 
up  and  eneireles  the  liottoni  of  the  ash  hii|iper,  thus  Jire- 
venting  ashes  from  tlying  around. 

This  coal-  and  ash-handling  system  was  designed  hy 
Lockwood,  Greene  &  Co.;  the  apparatus,  including  the 
conveyors,  charging  and  ash  cars,  motor-driven  coal  ear, 
coal  and  ash  valves,  trackage,  etc..  used  in  this  equipment, 
was  supplied  hy  the  C.  AV.  Hunt  Co.,  Inc.,  West  New 
Brighton,  N.  Y.  The  cars  have  outside-flanged  wheels, 
permitting  one  man  to  easily  push  a  1-ton  load  around 
a  curve  of  12  ft.  radius,  as  in  taking  the  curves  the  out- 
side wheels  run  on  their  liaiiges  so  that  the  tread  of  the 
inner  wheel  and  the  flange  of  the  outer  one  fall  upon 
the  tlieoretical  cone  of  revolution, 

Maihak  Indicator  and  Boettcher   Effi- 
ciency   Indicator 

The  Maihak  indicator.  Fig.  1,  is  designed  to  be  used 
especially  with  ga.s  and  Diesel  oil  engines.     It  is  reliahle 


ing  the  spring  are  screwed  inlo  a  hase  formed  in  two 
parts  and  rigidly  fastened. 

The  drum  is  controlled  by  a  spiral  spring  and  is  fitted 
with  a  double  cord  whereby  two  indicators  may  be  coupled 
together  by  a  common  reducing  link  work.  It  is  fitted 
with  a  friction  clutch  to  facilitate  connecting  the  cord 
to  the  reducing  motion. 

The  indicator  nu\y  be  fitted  with  a  IJottclier's  efficiency 
reckoner,  by  means  of  which  the  mean  indicated  efficiency 
of  the  engine  may  be  found  by  reading  a  counting  in- 
strument and  multiplying  Ijy  a  constant.  The  reckoner 
takes  account  of  every  stroke  of  the  engine  and  counts 
every  diagram  taken ;  the  indicator  can  be  used  with  or 
without  the  instrument. 

Referring  to  Figs.  2  and  '■>  the  reckoner  is  supported  on 
a  pillar  A.  The  counting  roller  E,  in  the  frame  D,  on 
the  uj^per  front  surface  of  the  indicator  drum,  is  puslic<l 
to  and  fro  in  a  radial  direction  on  top  of  the  paper  drum 
hy  a  lever  C.  A  .spring  F  presses  the  roller  against  the 
upper  surface  with  a  known  jjressure  of  adhesion.  Upon 
the  roller  spindle  a  worm  gear  is  mounted  which  trann- 


Fn;.   1.  Maihak   Ixhk  atoh  fou 
(iAs  Axn  On,  ]\x(;iNKS 


Vm;.  'i.    CoUNTKIt  i.\  ()!• 
I'lOKATIVK    I'OSITIOX 


Klfl.    ;>.     CoUNTKIi     IN 

Ln'TKi)  Position 


mc-lifth 


up  to  (iOO  r.p.m.  and   is  fitted   with   a   ])iston 
irea  of  tlu^  normal  })istou. 

The  spring  support  tlirougli  \vlii<  h  the  ])iston  rod  passes 
Iceutrally  forms  the  cylinder  cover  and  also  the  iiirntable 
■for  the  pencil  link  work. 

I  The  indicator  is  convertilile  from  a  right-handed  to  a 
[left-handed  instrument.  The  link  attaehnu'nt,  piston 
laud  sjiring  may  he  in.stantiv  removed.  The  piston  rod 
is  hollow  and  removable.  The  pencil  lever  has  a  magni- 
[fying  ratio  of  fi  to  1  and  the  link  gives  a  practical  straight 
iline  motion.  The  indicating  link  work  is  a  modification 
hi  the  pantograph. 

1  A  double  spring  is  used  and  is  arranged  to  operate  in 
Itension.  instead  of  compression.     The  two  s])irals  form- 


nuts  the  motion  to  a  simple  set  of  spur  wheels  capable  of 
registering  a  iiumi»>r  of  observations  extending  over  a 
long  ])eriod. 

The  travel  of  the  periphery  of  the  counterspool  is 
directly  proportioned  to  the  average  pressure  indicated, 
and  this  records  the  power  expended.  To  find  the  mean 
pressure  exerted  during  a  definite  period  of  time,  a  revo- 
lution counter  must  he  read  in  addition  to  the  pressure 
counter,  but  if  the  average  indicated  horsepower  is  to 
be  ascertained  it  is  not  necessary  to  use  a  Tevolution 
counter. 

These  instruments  are  jnit  on  the  market  in  this 
country  by  Herman  Baeharadi,  1009  Ilartje  Bldg.,  11 
Wood   St.,"  Pittisburgh,  Penn. 
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CO2  Thermoscope 

An  instriiineiit  ior  ascertainiug-  the  quantity  of  CO. 

in  the  waste  gases  from  a  boiler  furnace  is  shown  in  Fig. 

The   CO,  thermoscope  makes  use  of  a  well  known 

i.eiple  of  thenno  chemistry,  but  one  which  has  not 
lu'ictofore  been  applied  in  the  analysis  of  gases,  viz.,  that 
ihcmical  reactions  are  attended  by  change  of  tempera- 
lure,  and  that  the  amount  of  heat  either  absorbed  or  dis- 
engaged is  determined  by  the  nature  of  the  reaction,  and 
the  quantities  of  reagents  which  enter  into  combination. 

When  cari)onic-acid  gas  (COo)  eitlier  pure  or  in  ad- 
mixture with  air  is  brought  into  contact  with  caustic  soda 
a  chemical  reaction  takes  place,  and  heat  is  evolved,  the 
anunmt  of  which  is  proportional  to  the  quantity  of  CO.. 

]f.  therefore,  a  measured  quantity  of  the  gas  mixturt- 
to  be  analyzed  is  brought  into  contact  with  caustic  soda, 
the  amount  of  which  being  somewhat  more  than  sufficient 
to  absorb  all  the  CO.  present,  it  is  only  necessary  to 
measure  the  heat  evolved  to  obtain  a  measure  of  the  CO. 
in  the  mixture. 

The  caustic  soda  is  prepared  for  use  in  hermetically 
sealed  metallic   cartridges,   a  fresh  cartridge   being  em- 


Fio.  1.  CO.  TiiEinroscoPE 

]doyed  for  each  analysis.  The  heat  reaction  is  produced  by 
passing  a  known  quantity  of  the  gas  mixture  to  be 
analyzed  through  the  contents  of  the  cartridge,  while 
tlie  amount  of  heat  di.seugaged  is  measured  by  means  of  a 
specially  constructed  calorimeter  thermometer  using  a 
scale  empirically  calibrated  in  percentages  of  CO.. 

With  the  exception  of  two  thermometers  the  instru- 
Tnent  is  made  of  brass  and  hardwood.  It  is  strongly  made 
and  will  stand  hard  usage.  It  is  10  in.  in  length  and  2 
ill.  in  diameter  and  may  be  carried  in  the  pocket.  Thus 
an  engineer  with  a  few  cartridges  in  one  jJocket  and  the 
CO,  thermoscope  in  the  other,  and  without  the  necessity 
of  setting  up  and  adjusting  any  apparatus  can  obtain 
analysis  of  the  CO.^  from  a  range  of  boilers  quickly. 

After  it  has  been  used  the  instrument  requires  no 
washing  or  cleaning.  It  is  just  put  back  into  its  leather 
case  and  is  ready  again  for  instant  use  the  next  day  or 
the  next  month  as  the  case  may  be. 

The  instrument  consists  of  three  essential  parts.  A 
cylinder  is  fitted  with  a  plunger  for  drawing  a  measured 
quantity  of  the  mixture  from  the  flue  or  chamber  con- 
taining the  gas  mixture,  and  subsequently  passing  il 
through  a  cartridge-shaped  receptacle  containing  pul- 
verized caustic  soda  in  which  the  heat  reaction  occurs. 
There  is  also  a  thermometer  with  its  bulb  constructed  to 
surround  or  jacket  the  cartridge,  so  that  the  heat  of  re- 
action can  be  imparted  to  the  mercury,  the  amount  of  its 
expansion,  i.e.,  the  percentage  of  CO,  to  be  observed  on  a 
movable  scale. 

By  reference  to  Fig.  2  it  will  be  seen  that  7?  is  a  cyl- 
inder fitted  with  a  piston  and  cup  leathers.  The  thermom- 


eter E  is  conveniently  mounted  on  the  cylinder,  and  the- 
whole  is  inclosed  by  the  outer  cylindrical  metallic  jacket 
A,  which  is  slotted  to  show  the  stem  of  the  thermometer. 
A  movable  scale  F  calibrated  in  percentages  of  CO.,  is 
arranged  to  slide  in  the  slot.  I)  is  a  cartridge  of  thin 
sheet  metal  containing  the  pulverized  caustic  soda,  and 
F,  E..  p 
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Fig.  2.  Dktails  of  TiiKinms 

is  shown  jacketed  by  the  thermometer  bull)  in  |)osilioii 
for  analysis. 

Connection  is  made  between  the  cylinder  and  cartridge 
by  means  of  the  rubber  tube  A'  and  H,  the  latter  being 
attached  to  the  tap  /. 

In  order  to  correct  the  volume  of  the  gas  taken  into 
the  cylinder  for  varying  room  temperatures,  the  length 
of  travel  of  the  piston  is  regulated  according  to  the  tem- 
jierature,  as  shown  on  the  thermometer  G  by  the  scale  C 
engraved  on  the  piston  rod. 

When  about  to  make  an  analysis  a  cartridge  is  pricked 
at  each  end  to  enable  the  gas  to  flow  through  it.  It  is. 
then  attached  to  the  rubber  connection  and  inserted  in 
the  thermometer  bulb.  A  sample  of  gas  is  drawn  into  the- 
cylinder,  the  necessary  temperature  correction  being- 
made,  and  the  free  end  of  the  rubber  tube  is  connected 
to  the  cylinder  nozzle.  The  zero  of  the  movable  scale  is. 
adjusted  opposite  the  top  of  the  mercury  column  of  the- 
thermometer  and  the  piston  rod  is  depressed.  The  gas. 
mixture  flows  through  the  cartridge,  heat  is  generated, 
the  mercury  rises,  and  opposite  the  highest  point  reached 
by  the  rising  column  may  be  read  from  the  scale  in  ]iliiin 
figures  the  percentage  of  CO,.  The  reading  of  the  in- 
strument may  be  taken  in  any  position. 

The  CO.  thermoscope  is  manufactured  by  the  Tinlir- 
feed  Stoker  Co.,  Ltd..  of  Coventry  House,  South  Phuc,. 
London. 

Vest-Pocket  Shaft-Speed    Counter 

A  neat  little  speed  counter,  suitable  for  carrying  in  a 
vest  pocket,  is  illustrated  herewith.  The  counter  reads 
right  or  left.  One  end  is  made  with  a  metal  arrow  point 
for  cleaning  out  the  counter-sunk  end  of  a  shaft  of  any 
accumulation  of  dirt  or  oil.  The  end  of  the  counter 
spindle  is  applied  to  the  center  of  the  shaft. 


A'kst-Tockkt  Speed  Countek 

It  is  not  necessary  to  start  the  readings  with  zero,  as 
it  is  only  necessary  to  deduct  the  initial  reading  froffii 
the  final  result,  which  will  give  the  number  of  revolu- 
tions per  minute.  The  counter  is  made  by  the  American 
Steam  Gauge  and  Valve  Manufacturing  Co.,  Camden  St., 
Boston,  Mass..  and  sold  at  a  moderate  price. 
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Transformer  Characteristics  T'^*'  kiiovoit-niupeivs  in  th..  .^erciHian-  winding  are  tii.- 

sanie.     Therefore,  the  assumed  s^iiiulc-iihase   ratini;'  tluit 

By  Edwaki)  T.  Moonic^''  eadi  single-phase  transformer  equals  iiiie-lhini  the  group 

A  trausformer  should  be  rated  by  its  kilovolt-ampere      rating  ^s  correct 

;kv.-a.)  output.     If  it  is  supplying  a  load  having  a  power 


3.     Two  transformers,  \'-cnniU'iied.  or  open  delta,  for 
three-phase  operation,  assuming  each  Iraiisrormer  to  have 

a  capacity  of    -7,- 


1.5  El. 
V  =  line  voltage 


'actor  of  100  per  cent.,  the  kilowatt  output  will  In-  the 
;ame  as  the  kilovolt-ampere  output.  If,  liowe\er.  it  is 
lupplying  a  load  having  a  power  factor  less  than  100  per 
■ent.,  the  kilowatt  output  will  be  less  than  the  kilovolt- 
impere  outjfut  in  the  ratio  that  the  power  factor  is  less 
lian  100  per  cent.  For  example,  a  transformer  having 
I  full-load  rating  of  100  kv.-a.  will  have  a  full-load  rating 
)f  KID  kw.  at  100  per  cent.  ])ower  factor,  90  kw.  at  90  per 
•ent.  power  factor,  80  kw.  at  80  per  cent,  power  factor, 
>tc. 

Ratings  fok  Si'kcial  Ououpings 
For  certain  groupings  of  single-phase  transformers  on 
Polyphase  circuits,  the  rating  of  the  group  is  less  than      times  one-half  the  group  rating. 


K.  (See 


Transformer  voltaj. 

3). 
Transformer  circuit  =  line  current  =   1.73  /. 
The  kilovolt-amperes  in  the  priniai'v  winding  ol"  each 
transformer  =  1.73  EI. 
The  kilovolt-amperes  in  the  sccomlaiy  winding  arc  llic 
same.   Therefore,  each   transformer   mnst   carry   1.73   AY 
kilovolt-amperes  in  order  to  deliver  1.5  EI  kilovolt-am- 
peres to  the  secondary  circuit.  Thercf(U'e,  the  single-phase 
rating  of  each   single-phase   transrornier   mnst    lie    1.155 


the   sum   of   the   single-phase   ratings   of   the   individual 
transformers   composing   the   group.   This  point   can  be 
readily  understood  by  reference  to  the  following  illustra- 
tions ;  the  first  two  cases  of  delta  and  .star  connections, 
)eing  very  familiar,  are  given  merely  as  explanatory  steps 
:o  the  other  cases.     For  a  three-phase  circuit,  assume  the 
'oUowing  general  conditions: 
Line  voltage  =  E. 
Line  current  =  V"3  7  =  1.73  I. 
Total   kv.-a.  to  be  transformed   =    1.73   IE   V"3  = 

3  IE. 
1  to  1   ratio  of  transformation. 
1.     Three  transformers  d(  lta-c(jnnected,  a.ssuming  each 
3  E/ 


T-connectcd, 
EI 


iissuming    each 
=  1.5  EI  kilo- 


inc  current  =   1 .73  /. 
primary    winding    = 

<  I  he 


■ansformer  to  have  a  cajnicity 


3 


=  EI  kilovolt- 
=  E.  (See  Fig. 


mperes. 

Transformer  voltage  =  line  voltage 
1). 

Transformer  current  =  line  current  -H  1.73  =  I. 

Kilovolt-amperes  in  primary  winding  of  each  traiis- 
brmer  EI. 


The  kilovolt-amperes  in  the  secondary  winding  are  the      windings  is  the  same  as  in  the  main  transformer  wind- 
imc.     Therefore,  the  assumed  single-phase  rating  that      ings,  as  duplicate  transformers  are  used  and  the  currents 


-k     Two    transformer 
transformer  to  have  a  capacity  of 

vult-am])eres. 

Main  transl'ormcr  voltage  =  line  \dl(age.   (See  Fig. 

Main  transformer  current  = 
The    kilovolt-amperes    m    tin 
1.73  EI. 
The  kilovolt-am])crcs  in  the  secondary   wiiidii 
same. 

''Teaser"  transformer  voltage  =  O.SdO  X  line  volt- 
age =  0.866  E. 
''Teaser"    transformer    current    =    line    current    = 

1.73  7. 
The    kilovolt-amperes    in    the    primary    winding    ol 
teaser  =  1.73  7  X  '^-866  7?  =  1.5  7i'7. 
The  kilovolt-amperes   in   the  sectuidary  winding  arc   I  he 
same. 

Although   the  kilovolt-amperes  in  the  "teaser"  trans- 
former windings  are  1.5  EI,  the  excess  current  in  the 


ich  single-phase  transformer  eipials  one-third  the  group 
iting,  is  correct. 
2.     Three  transformers,  .star-connected,  assuming  (>acii 

atisformer  to  have  a  capacity  of    —7; —     =  EI  kilovolt- 


peres. 

Transformer  voltage 


3 


line  voltage 


1.73 


E 
1.73 


(See  Fig.  2). 

Transformer  current  =  line  current  =  1.73  7. 

Kilovolt-amperes  in  primary  winding  of  each  trans- 
former =     --—     X  1-73  I  =  EI. 


in  each  are  equal.    This  shows  that  the  main  transformer 

must  carry  1.73  EI  kilovolt-amperes  to  deliver  1.5  EI 

kilovolt-amperes   and    the   "teaser"   transformer    1.5    EI 

kilovolt-amperes,  but  with  excess  current.    Therefore,  the 

single-phase    ratings    of    each    single-phase    transformer 

must  be  1.155  times  one-half  the  group  rating. 

5.     Two    transformers    connected    for    three-phase    to 

two-pluise  o])eration,  asstimina'  each  transformer  to  have 

3^7  ^  /p^ 

a  capacity  =        _^        =  1..)  EI. 

Main  transformer  voltage  =  line  voltage  =  E.  (See 
Fig.  5). 

Main  transformer  current  =  line  current  =  1.73  7. 

Kilovolt-amperes  in  jjrimary  of  main  transformer- 
winding  =  1.73  EI. 
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"Teaser"  transl'dniu'r  voltage  = 

age  =  0.8()(i  /■;. 
"Teaser"    traiisronnrr    current 

1.7';?  /. 

The  kilovolt-aniperes  on  the  primary  wide  of  llie 
•teasel-"  trausfonncr  is  1.73  X  0.866  e'=  1.5  EI,  but 
there  is  an  excess  current  in  the  windings  equal  to  that 
in  the  main  transformer,  as  the  transformers  are  dupli- 
cates and  the  currents  in  each  are  equal.  The  main  tran.s- 
former,  therefore,  carries  1.73  ?JI  kilovolt-amperiis  in  the 
|)rimary  or  three-phase  winding  to  deliver  1.5  EI  kilo- 
volt-aniperes, and  the  "teaser"  transformer  1.5  EI  kilo- 
volt-amperes,  but  with  excess  current  (1.73  /  X  0.S66  E 
=  1.5  El).  Therefore,  the  single-phase  rating  of  each 
single-phase  transformer  must  be  1.155  times  one-half 
the  group  rating  if  based  on  the  average  of  the  current 
in  l)oth  the  three-phase  and  two-i)hase  windings. 


1.0775  times  one-third  the  gniiip  rating  if  based  on  the 
average  of  the  currents  in  both  the  priniai'v  and  secondary 
windings. 

The  foregoing  can  Ite  suinini'd   up  as  follows: 

1.  'Three  single-plia.'ie  Iranxfoniierx.  delta-connected — 
Tlie  sum  of  the  single-phase  ratings  equals  the  grou])  rat- 
ing. 

2.  Three  siiigle-jdia.se  Iraiisj'oriiicrs,  slar-connecled — 
The  sum  of  tlie  single-]>luisc  ratings  equals  the  grou])  rat- 
ing. 

3.  'Two  single-piiaxe  transformers,  V-connected — The 
sum  of  the  single-phase  ratings  is  151/^  per  cent,  greatei 
than  tlie  group  rating. 

4.  Two  single-pliase  Iraiisfortners.  T-conneeted — Tlu 
sum  of  the  single-phase  ratings  is  IjI/o  per  cent,  greatei 
than  the  grouj)  rating. 

5.  Two  single- pliajie  transformers  ronnected  for  three- 
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6.  Three  transformers  with  the  secondary  windings 
connected  in  interconnected  star  for  ojjerating  a  three- 
wire,  direct-current,  three-phase  rotary  converter  assum- 

3  /;/ 

ing  each  transformer  to  have  a  capacity  uf        .    -    =  EI. 

The  primary  side  of  the  transformer  will  be  delta  or 
star  connected  and  the  conditions  will  be  normal,  as  given 
in  cases  1  and  2.  The  secondary  will  be  connected  as 
shown  in  Fig.  6,  the  current  and  voltage  relations  being 
shown  in  Fig.  7.  Note  that  the  secondary  winding  of 
each   transformer   is   divided    into   two    ])arts,   each   part 

E 

wound  for  a  voltage  of    —.. 

Transformer  voltage  =  %  line  voltage  =  f  E. 
Transformer  current  =  linq  current  =  1.73  7. 
Kilovolt-amperes  in  winding  =   j|  ^   X    l-'^'-^   I  = 
1.155  El. 
Each  secondary  winding  is  therefore  carrying  1.155  El 
kilovolt-amperes  in  order  to  deliver  EI  kilovolt-amperes. 
Therefore,  the  single-phase   rating  of  each  single-phase 
transformer  must  be  1.155  times  one-third  the  group  rat- 
ing if  based  on  the  current  in  the  secondary  winding  or 


ptiase  to  twu-pliase  tran.'<furmation — The  sum  of  the  sia- 
gle-phase  ratings  is  151/2  per  cent,  greater  than  the  group 
rating  if  based  on  current  in  the  windings  connected 
three-phase,  or  7%  per  cent,  greater  if  based  on  the  av- 
erage of  the  currents  in  both  the  three-phase  and  two- 
phase  windings.  Two  standard  single-phase  transform- 
ers for  such  service  should  have  a  total  capacity  ISi/o  per 
cent,  in  excess  of  the  group  rating. 

G.  Three  single-pha.se  transformers  with  one  ■winding 
connected  in  interconnected  star — The  sum  of  the  sin- 
gle-phase ratings  is  151/^  per  cent,  greater  than  the  group 
rating  if  based  on  current  in  the  windings  connected  in 
interconnected  star  or  7%  per  cent,  greater  if  based  on 
the  average  of  the  currents  in  both  the  interconnecteil 
star  windings  and  the  delta  or  star-connected  windings. 
Three  standard  single-phase  transformers  for  such  ser- 
vice should  have  a  total  capacity  151/2  per  cent,  in  excess 
of  the  group  rating. 

Assuming  that  300  kv.-a.  are  transformed  in  each  of 
the  cases  given,  the  single-phase  ratings  of  the  individija.1 
transformers  should  be  as  follows: 

1.     100  kv.-a.   (3  required). 
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'i.     17.'). 5  kv.-a.   ("^  rcMjiiiicd  ). 

3.  173.5  kv.-a.   (2  reqiiireil ). 

4.  100  kv.-a.   (3  reqiiiml). 

5.  ]73.5  kv.-a.  (3  required). 

6.  115.5  kv.-a.  (3  required). 

Transformers  are  usually  specially  designed  for  the  last 
0  cases  (5  and  6)  and  have  increased  capacity  in  the 
ree-phase  or  interconnected  star  winding  only.  When 
)erating  such  transformers  single  phase,  the  lighter 
inding  determines  the  capacity  of  the  tran.sformer. 

EatIXOS   for  OPEIiATIOX   OF   RoTAKY   CONVERTERS 

AXl)    MOTOH.S 

In  specifying  transforniei-s  fen-  the  operation  of  rotary 
'ancrters  and  motors,  the  a])parent  efficiency  of  the  ap- 
iratiis  must  he  considered.  In  general,  the  apparent 
licicncy  of  a  rotary  converter  may  he  assumed  as  !)()  per 
lit.  so  that,  for  c.xMiniilc.  if  a  rotary  cdincrtcr  has  an 
itimt  of  300  l;\v.,  a  transfornicr  capacity  of  333  k\-.-a. 
ill  lie  required  for  o])eratiiig  it.  This  relation  of  traiis- 
aiiicr  capacity  to  rotary  converter  ca])acity  must  always 
■  adhered  to. 

The  apparent  efficiencies  of  motors  vary  widely,  de- 
luding upon  the  size,  frequency  and  speed  but  will  gen- 
ially vary  from  about  75  per  cent,  to  90  per  cent.  It  is 
istomary  to  allow  1  kv.-a.  transformer  capacity  for  each 
ii'se])ower  of  the  motor,  excepting  for  large  motors  where 
e  transformer  capacity  should  be  calculated  from  the 
ficiency  and  power  factor  of  the  motcn-. 

Voltage  C'la.sse.s 

Transformers   are   divided,   according   to   high-tension 
Itiiges,  into  the  following  twelve  classes:  6600,  11,000, 
.:,()(),   22,000,   33,000,   14,000,   55,000,   66,000,   77,000, 
,000.  100,000  and  110,000.  While  these  voltages  are  cou- 
Hered  standard,   transformers  may  be  wound  for  any 
lasonable  high-tension  voltage  desired.     In  specifying  a 
ansformer  with  a  high-tension  voltage  other  than  one 
those  given  in  the  above  classification,  note  particular- 
that  each  voltage  class  indicates  the  highest  voltage  for 
hich  any  transformer  belonging  to  that  class  can  be  de- 
nned.    For  example,  if  a  transformer  is  to  be  designed 
ir  46,000  volts,  it  will  belong  to  the  55,000-volt  class 
|id  not  to  the  44,000-volt  class'! 

In  specifying  single-phase  transformers  to  be  connected 
star  on  a  three-phase  circuit,  the  line  voltage  and  not 
e  transformer  voltage  determines  the  voltage  class  to 
Jiich  the  transformer  belongs.  An  exception  may  he 
[nde  to  this  in  ease  the  neutral  point  is  to  be  connected 
rertly  and  permanently  to  ground.  The  transformer 
iltagt'  (the  voltage  from  the  neutral  point  to  the  line) 
ay  then  be  considered  as  determining  the  voltage  class. 

"\'()LTAGt:    Tai's 

To  compensate  for  line  dro]},  standard  tap'^  are  pro- 
ded  on  both  high-tension  and  low-tension  windings  to 
[ve  voltages  approximately  3,  6  and  9  per  cent,  below 
Jirmal.  For  example,  if  a  transformer  is  wound  for  a 
^rmal  ratio  of  33,000  to  2200  volts,  taps  are  i)rovided  to 
ve  additional  high-tension  voltages  of  32,000,  31,000 
jid  30,000  and  additional  low-tension  voltages  of  2130, 
|)70  and  2000.  With  this  arrangement,  seven  different 
tios  of  transformation  are  obtainable,  as  shown  in  the 
Allowing  table: 


16. 5—1 

10— 1 

15  5—1 

15—1 

14..T— 1 

14—1 

13. 5—1 

36,300 

33,000 

33,000 

33,000 

32,000 

31,000 

30,000 

2,200 

2,070 

2,130 

2,200 

2,2(X) 

2,200 

2,200 

32.000 

32,000 

32,000 

31,000 

30,000 

2,000 

2.070 
31.000 

2,000 

2,130 
31,000 

2,070 
30.000 

2,130 
30,000 

2,070 

2,130 

From  this  it  will  be  seen  that  if  two  transformer.-;  ar' 
connected  to  a  transmission  line,  one  as  a  step-up  and  thr 
other  as  a  step-down  transformer,  a  total  voltage  drop  of 
approximately  18  per  cent,  can  be  compensated  for.  Tak- 
ing the  ease  referred  to  above,  with  an  impressed  voltage 
of  2200  on  the  primary  of  the  step-up  transformer,  and 
with  the  ratio  of  transformation  of  1  to  16.5,  the  voltage 
delivered  to  the  line  will  be  36,300,  and  by  using  the  13.5 
to  1  ratio  on  the  step-down  transformer,  a  voltage  of  30,- 
000  impressed  on  the  primary  will  deliver  normal  voltage 
of  2200  at  the  second  terminals.  That  is,  the  two  trans- 
formers together  are  able  to  compensate 'for  a  line  drop 
of  6300  volts  and  still  deliver  normal  voltage  at  the  re- 
ceiving end. 

Parallei„  Operation 

Transformers  should  never  be  connected  together  for 
parallel  operation  unless  the  iiidixidual  transformers 
comprising  the  group  are  built  under  the  same  .specifica- 
tion and  are,  therefore,  alike.  If  it  is  ever  necessary  to 
operate  unlike  transformers  in  parallel,  paralleling  coils 
must  be  employed  or  impedance  coils  placed  in  the  cir- 
cuits of  the  transformer  having  the  lower  impedance. 
Paralleling  coils  are  similar  to  balancing  coils  in  con- 
struction and  should  be  u!^vi\  in  prercreiice  to  impedance 
coils  wherever  possible,  as  iliey  (an  be  u.sed  in  nearly  all 
cases  except  when  o]ieraliiig  conditions  are  not  permanent. 
For  examjile,  where  one  b.ink  of  transformers  having 
certain  characteristics  is  to  be  ojierated  in  parallel  with 
two,  three  or  more  banks  of  transformers  which  are  alike 
in  themselves  but  differ  in  characteristics  from  the  sin- 
gle bank,  such  a  condition  would  require  a  paralleling 
coil  with  several  taps,  necessitating  more  or  less  expensive 
switching  apparatus,  lu  such  cases,  impedance  coils  are 
necessary. 

(To  be  coinl tided) 

Interoonneotrd  Large  Power  Systems — .\n  indication  of  ttle 
line  of  thought  which  is  being-  .actively  pursued  in  America 
can  be  gained  fiom  noting  -what  is  really  happening  in  this 
country,  in  a  territory  where  a  network  is  being  set  up  which 
is  already  within  measurable  distance  of  the  ideal  forecasted 
by  Edison,  Ferranti  and  Steinmetz — no  small  fry  here,  no 
duplication  and  multiplication  of  buildings,  boilers,  bunkers, 
boosters  and  busbars,  but  a  few  giant  steam  and  hydraulic 
stations  turning  out  their  load  according  to  a  real  schedule 
of  conservation.  .  .  .  The  economical  operation  of  such 
systems  as  the  Southern  Power  Co..  a  large  network  in  itself, 
which  is  tied  in  with  the  Yadkin  River  Power -Co.,  at  Method, 
and  is  contemplating  tying  in  with  the  Georgia  Power  Co..  at 
Easley,  and  the  latter  with  the  Tennessee  Power  Co..  at  Rome, 
is  a  problem  of  considerable  importance.  The  Southern  Power 
Co.  is  operating  approximately  350  miles  of  100.000-voIt  lines 
as  well  as  an  extensive  net-work  of  44,000-volt  and  11,000-voIt 
lines,  and  the  Yadkin  River  Power  Co.  has  approximately  19(1 
miles  of  100.000-volt  lines.  The  Georgia  Power  Co.  will  have 
approximately  200  miles  of  100,000-volt  lines,  and  the  Tennes- 
see Power  Co.  nearly  200  miles  of  120,000-voIt  lines,  as  well  as 
approximately  100  miles  of  66,000-volt  lines,  making  a  total  of 
nearly  800  miles  of  100,000-volt  lines  in  the  four  systems,  and 
hundreds  of  miles  of  lower  voltage  lines,  all  tied  in  one  vast 
system.  The  total  distance  by  transmission  line  from  Ble- 
wetts  Falls  to  Nashville  will  be  over  700  miles. — "Electrical 
Review." 
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Gasoline-Engine  Troubles  and 
Their  Symptoms 

By  a.  L.  Bi!enn.\x,  Jij. 

Siuce  nearly  all  gas-  or  gasoliiie-engiue  diffieultit's  are 
indicated  by  some  form  of  symptoms  an  operator  should 
first  of  all  become  thoroughly  familiar  with  his  motor 
from  this  standpoint.  Suppose  an  engine  refuses  to  start, 
this  may  be  caused  by  any  one  of  the  following: 

1.  Lack  of  fuel. 

2.  Flooded  motor. 

3.  AVater  in  cylinder  or  carburetor. 
i.     Dirty  spark  plugs  or  igniters. 

5.  Short-  or  open-circuit  in  the  ignition  system. 

6.  Poor  compression. 

7.  Carburetor  out  of  adjustment. 

If  the  ignition  and  carburetion  are  known  to  be  in  good 
adjustment,  yet  the  motor  fails  to  start,  this  would  in- 
dicate that  some  of  the  mechanical  features  are  at  fault. 
In  this  case  the  motor  should  be  cranked  over  with  all  the 
relief  valves  closed  in  order  to  test  the  compression..  If 
considerable  resistance  is  encountered  on  the  compression 
j.troke  without  any  binding,  the  compression  is  evidently 
all  right.  But  if  the  piston  moves  up  without  meeting 
much  resistance  it  is  an  indication  that  the  compressed 
gas  is  escaping,  which  may  be  due  to  dry  or  scored  cylin- 
ders, worn  piston  rings,  faulty  valves  or  valves  out  of 
time,  partly  open  compression  cocks  or  defective  gaskets. 

Ignition  circuits  are  easily  tested  by  removing  the 
spark  plugs,  reconnecting  the  high-tension  wires  and  plac- 
ing the  threaded  portion  of  the  plug  on  the  cylinder;  then 
place  the  switch  in  position  and  crank  the  motor  over  to 
the  firing"  point  of  each  cylinder  and  note  if  a  bright 
spark  appears  between  the  points  of  the  spark  plugs.  It 
should  be  remembered  that  a  spark  produced  under  or- 
dinary conditions  will  have  to  be  quite  strong  or  it  will 
prove  inadequate  when  subjected  to  the  high  compression 
within  the  cylinder. 

The  only  way  to  find  out  if  a  carburetor  is  properly 
adjusted  is  to  make  sure  first  that  the  controlling  or  me- 
chanical features  of  the  motor  are  in  good  order  and 
that  the  ignition  is  all  right ;  then  attempt  to  start  and 
note  the  symptoms. 

Carburetors  are  an  auxiliary  feature  of  a  gas  engine; 
however,  they  do  not  generate  the  mixture  independently 
of  the  motor  as  is  commoniy  supposed,  but  are  directly 
dependent  upon  the  action  of  the  piston.  That  is,  on  the 
intake  stroke,  the  piston  creates  a  partial  vacuum  within 
the  cylinder  which  produces  a  suction  through  the  car- 
buretor, thus  mixing  the  fuel  and  air  together  and  draw- 
ing a  charge  into  the  cylinder.  From  this  it  is  quite  evi- 
dent that  any  mechanical  failures,  such  as  leaky  valves, 
etc.,  that  interfere  with  good  compression  will  also  mili- 
tate against  good  vacuum  pulling;  hence  impaired  car- 
buretion. 

When  an  attempt  is  made  to  start  a  motor  and  it  re- 


fuses to  go,  it  is  generally  advisable  to  resort  to  priming; 
that  is,  injecting  a  little  fuel  into  the  cylinders  and  again 
cranking  the  motor.  If  it  then  starts  but  stops,  accom- 
]ianied  by  back-tiring,  this  is  a  positive  sign  that  the  mix- 
ture is  too  weak.  On  the  other  hand,  if  the  motor  contin- 
ues in  operation  but  runs  in  a  sluggish  manner  it  would 
indicate  an  over-rich  mixture.  When  a  motor  operates  in 
a  regular  manner,  but  does  not  develop  high  efficiency  it 
nuiy  l)e  due  to  : 

1.  Faulty  carburetor  regulation. 

2.  Fuel  of  low  grade. 

3.  Inefficient  or  insufficient  lubrication. 

4.  Poor  compression. 

5.  Exhaust  partly  choked  up. 

6.  Ignition  out  of  tinu'. 

7.  Coils  (high  tension)  uut  nl'  adjustment. 
Sometimes  an  engine  will   not  develop  its  full  power, 

due  to  being  ''choked  up,"  that  is,  the  throttle  has  been 
open  too  wide  when  the  load  was  applied  and  the  engine 
has  failed  to  clear  itself.  The  remedy  is  to  disengage  the 
load  and  allow  the  motor  to  speed  up  several  times. 

Misfiring  and  other  irregular  operation  may  be  caused 
by: 

1.  Faulty  carburetion. 

2.  AVater  in  the  carburetor. 

3.  Dirty  or  cracked  spark  plugs. 
■i.     Poorly  adjusted  coils. 

5.  Dirty  contacts  on  tli.>  vibrator. 

6.  Weak  batteries. 

7.  Loose  wires. 

When  the  misfiring  is  general  in  all  cylinders,  it  may 
l)e  due  to  water  in  the  carburetor  or  a  loose  battery  con- 
nection ;  but,  on  the  other  hand,  if  the  skipping  is  con- 
fined to  a  single  cylinder  it  is  probably  due  to  a  dirty 
spark  plug  or  a  loose  connection  in  the  secondary  circuit, 
for  if  it  was  caused  by  dirt  in  the  carburetor,  for  instance, 
the  other  cylinders  would  miss  as  well. 

When  a  motor  slows  down  and  stops,  especially  when 
accompanied  by  backfiring,  it  indicates  a  shortage  of  fuel; 
while  sudden  stopping  more  often  results  from  a  broken 
or  disconnected  wire,  stuck  timer  points,  trembler  on  coil 
stuck  or  in  rare  cases  to  sudden  exhaustion  of  the  fuel  or 
to  the  needle  valve  becoming  clogged. 

Explosions  in  the  exhaust  are  in  some  cases  due  to  one 
cylinder  misfiring  and  exhausting  unburned  gas  into  the 
exhaust  pipe  where  it  comes  in  contact  with  the  flames 
from  the  other  cylinders  and  ignites.  It  is  also  caused 
by  faulty  exhaust  valves,  or  to  a  slow-burning  mixture, 
inefficient  spark  or  to  an  over-retarded  spark. 

Overheating  is  usually  due  to  insufficient  circulating 
water,  retarded  circulation,  an  over-rich  mixture  or  to 
continued  operation  on  a  retarded  spark. 

Hissing  sounds  invariably  indicate  air  or  gas  escaping 
under  pressure.  This  may  be  due  to  loose  or  de- 
fective spark  plugs  or  igniters,  partly  open  compresion 
cocks  or  defective  gaskets. 

Knocking  or  pounding  has  two  causes:  mechanical  and 
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fiUH'tional.  The  ilrst  lias  reference  to  any  lost  motion 
that  may  exist  in  the  bearings  through  wear  or  otherwise. 
The  second  has  to  do  with  the  conditions  that  govern  op- 
eration ;  tliat  is,  knocking  is  caused  by  ignition  taking 
place  too  early  or  to  an  over-rich  mixture.  Carbon  de- 
jjosits  sometimes  become  incandescent,  causing  preigni- 
ition  which  is  similar  to  knocking  induced  by  au  over- 
|advauced  spark. 

Gas-Producer  Chemistry 

By  G.  W.  Mui-;nch 

For  the  successful  operation  of  a  gas  producer  it  is  de- 
sirable that  the  operator  have  a  working  knowledge  of 
the  chemistry  of  combustion.  A  thorough  study  of  chem- 
istry is  not  necessary  as  he  needs  only  to  get  acquainted 
with  four  or  five  elements  and  a  few  of  their  compounds 
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in  order  to  get  a  good  knowledge  of  the  actions  that  take 
place  inside  a  gas  producer. 

bon    (C),  hydrogen    (H,),   oxygen    (0„),   and  nitrogen 

(N^).     The  compounds  that  concern  producer  work  are 

mainly  water  (H.^O),  marsh  gas   (CH^),  carbon  dioxide 

CO2),  carbon  monoxide   (CO),  and  a  number  of  heavy 


hydro-carbons,  o!'  which  ethylene  (C.JIJ  is  the  most  im- 
portant. These  heavy  hydrocarbons  may  be  considered 
under  the  head  of  illuminants.  Carbon  compounds  are 
so  numerous  that  a  study  of  these  constitutes  a  separate 
branch  of  chemistry. 

Hydrogen  is  not  found  free  except  in  very  small  quan- 
tities. It  is  produced  in  gas  making  through  the  dis- 
sociation of  water  by  high  heat.  Due  to  its  extreme 
lightness  the  heat  units  in  a  cubic  foot  are  not  as  high  as 
many  other  gases,  but  the  heat  evolved  in  buVning  a 
)M)und  of  hydrogen  is  more  than  any  other  of  the  simple 
gases. 

(Jxygen  forms  23  per  cent,  by  weight  and  20.7  per 
cent,  by  volume  of  the  air.  It  is  a  supporter  of  combus- 
tion and  when  present  in  producer  gas  indicates  that  air 
has  been  drawn  in  from  the  outside  through  leaks.  How- 
ever, the  absence  of  free  oxygen  does  not  necessarily  prove 
that  there  are  no  leaks,  as  all  the  oxygen  may  have  com- 
bined with  carbon  and  hydrogen  to  form  compounds. 

Nitrogen  forms  aboiit  77  per  cent,  by  weight  and  79.3 
per  ceiit.  by  volume  of  the  air.  It  is  inert  and  will  not 
support  combustion;  that  is,  it  enters  the  producer  as  ni- 
trogen and  leaves  as  nitrogen. 

Carbon  dioxide  (CO^)  is  a  compound  consisting  of  two 
parts  of  oxygen  to  one  part  of  carbon  by  weight.  It  will 
not  burn  since  it  is  itself  the  product  of  combustion. 
Therefore,  it  is  undesirable  in  producer  gas. 

Carbon  monoxide  (CO)  should  always  be  a  prominent 
constituent  of  producer  gas,  and  should  be  kept  as  high 
as  possible.  It  is  formed  by  the  incomplete  combustion 
of  carbon.  This  is  the  poisonous  constituent  of  producer 
gas,  and  being  odorless  is  hard  to  detect  in  the  atmos- 
phere when  leakage  occurs  into  the  room. 

Marsh  gas,  or  methane  (CH^)  comes  from  the  distil- 
lation of  oil  or  coal  at  fairly  high  temperatures,  also  from 
the  slow  decay  of  animal  and  vegetable  matter  under 
water.  It  is  the  principal  constituent  of  natural  gas,  is 
easily  handled  in  the  gas  ejigine,  and  has  a  high  heat 
value.  The  higher  the  percentage  of  marsh  gas  in  pro- 
ducer gas,  the  better. 

Illuminants  or  heavy  hydrocarbons  are  formed  by  the 
distillation  of  oils,  coal,  fats,  etc.  These  hydrocarbons 
give  the  gas  its  lightiiig  qualities.  However,  they  are 
not  present  in  producer  gas  in  quantities  worth  consid- 
ering. 

Producer  gas  is  a  mixed  gas  consisting  of  carbon  diox- 
ide, oxygen,  carbon  monoxide,  marsh  gas,  hydrogen  and 
nitrogen,  and  occasionally  traces  of  illuminants.  It  is 
formed  by  passing  air  and  steam  through  a  rather  deep 
bed  of  fuel.  The  oxygen  of  the  air  unites  with  the  car- 
bon of  the  coal  to  form  carbon  dioxide.  This  takes  place 
in  the  lower  layers  of  the  fuel  bed.  As  this  carbon  diox- 
ide leaves  the  combustion  zone,  as  the.  lower  zone  is 
called,  it  passes  up  through  the  less  highly  heated  zone 
above,  called  the  decomposition  zone.  Here  the  CO, 
takes  up  more  carbon  to  form  CO.  These  reactions  are 
expressed  chemically  as  follows: 

C  +  Oo  =  CO.  (Coiiihusiion  zone) 
CO2  -|-  C  =  2  CO  (DpromposUion  zone) 
The  nitrogen  remains  unchanged  and  passes  through 
the  fire  mixing  Mith  the  CO. 

The  steam  upon  passing  through  the  tire  is  broken  up 
into  its  two  constituents,  oxygen  and  hydrogen,  and  the 
hydrogen,  without  any  further  change  passes  on  with  the 
mixture.    The  oxygen,  however,  unites  with  the  carbon  in 
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tlie  decomposition  zone  to  form  CO.    Tho  cluinges  taking 
place  are  expressed  in  this  manner: 

2H.,0  +  heat  =  2  H.  +  0, 
2  C  +  0,  =  2  CO 
The  two  may  be  combined  and  written 
11,0  +  C  =  CO  +  H, 
The   upper   layers  of  fuel  are   called   the   distillation 
zone.     Here  the  "gases  in  the  fresh  fuel  are  distilled  out 
by  the  heat  of  the  gases  coming  from  the  lower  zones. 
In  this  zone  the  marsh  gas    (CHJ   is  formed  from  the 
volatile  matter  of  the  coal.     Some  hydrogen  may  also  bo 
formed  here.     These  different  zones  and  their  approxi- 
mate temperatures  are  shown  in  the  illustration. 

Having  followed  the  formation  of  the  gas,  the  chemi- 
cal actions  Ihat  take  place  in  the  engine  will  now  be 
considered.  In  the  mixing  chamber  the  producer  gas  is 
mixed  with  the  proper  amount  of  air;  the  mixture  is 
then  drawn  into  the  combustion  chamber  and  there  ex- 
ploded. During  the  burning  of  the  gases  at  the  begin- 
uing  of  the  expansion  stroke  the  following  chemical 
changes  take  place : 

SCO  +  0..  =  2  CO, 
2H,  +  0,  =  2H.,d 
CH,  +  20,  =  2  H,0  +  CO, 
The  nitrogen  again  undergoes  no  change.     The  prin- 
cipal constituents  of  the  engine  exhau.st  are,  therefore, 
CO.,  and  N,  with  water  vapor,  and  usually  a  little  free 
0.,.' 

The  quantitv  of  heat  produced  by  the  complete  com- 
bustion of  various  gases  has  been  found  by  experiment, 
and  the  heat  value  of  a  mixture  may  be  found  from  the 
heat  values  of  the  component  gases  and  the  percentage 
oi  each.  When  speaking  of  the  heat  value  of  a  cubic 
toot  of  gas  it  is  necessary  to  specify  the  conditions  of 
temperature  and  pressure  as  these  determine  the  actual 
weight,  and  therefore  the  heat,  contained  in  a  cubic  foot. 
This  standard  condition  is  a  temperature  of  62  deg.  and 
an  atmospheric  jiressure  corresponding  to  30  in.  of  mer- 
cury. 

The  most  accurate  method  of  determining  the  heat 
value  of  a  gas  is  by  means  of  a  calorimeter.  But  as  these 
instruments  are  expensive  and  require  considerable  lab- 
oratory experience,  they  are  beyond  the  reach  of  the  or- 
dinary operator.  If,  however,  the  gas  mixture  has  been 
analyzed  and  the  heat  values  of  its  component  gases  are 
known,  it  is  a  very  simple  matter  to  figure  its  heat  value 
and  get  results  near  enough  for  practical  purposes. 

As  stated  before,  producer  gas  is  a  mixture  of  a  num- 
ber of  other  gases.  Some  of  these  gases  burn,  others  do 
not.  In  producer  gas  CO,  CH^,  and  H^  are  combustible; 
CO,,  0,  and  X,  are  noncombustible.  By  experiment  the 
heat  values  of  these  combustible  gases  have  been  ascer 
taiued.  As  analyses  of  gases  are  almost  invariably  given 
by  volume,  when  figuring  the  heat  value  it  is  necessary 
to  know  the  heat  value  per  cubic  foot  of  these  various 
combustible  gases.  These  values  can  be  got  from  any 
reliable  book  on  this  subject.  Th^  following  figures  are 
representative  for  the  heat  values  of  the  three  gases, 
which  make  up  the  combustible  part  of  producer  gas. 
The  heat  value  in  British  thermal  units  per  cubic  foot 
for  hydrogen  may  be  taken  as  327,  for  carbon  monox- 
ide 324,  and  for  marsh  gas  1013.  Having  an  analysis  of 
the  gas,  and  the  foregoing  heat  values  of  the  combustible 
constituents,  the  heat  value  of  the  mixture  is  figured  by 
multiplying  the  heat   value  of  each   constituent  by  the 


fraction  of  a  cnibic  foot  of  that  constituent  present  in  a   " 
cubic  foot  of  tiie  mixture  and  by  then  adding  all  the  heat 
values. 

For  example,  let  it  be  desired  to  figure  the  heat  value 
of  the  following  producer  gas,  which  is  the  analysis  <if 
a  sample  taken  from   a  lignite  suction   producer:   CO.^, 
3.9  per  cent;  0,,  1.9  per  cent;  CO,  16.8  per  cent;  CH^, 
8.5  per  cent;  H,,  10.8  per  cent;  X,,  58.1  per  cent. 
CO    =     324   X   O.ie's  =  51.5 
CH^  =   1013   X   0.085  =  86.1 
H,      =     327  X   0.108  =  35.3 
To'al  =  175.9  B.t.u.  per  cu.ft. 
The  calculation  shows  how  simple  it  is  to  figure  tho 
heat  value  of  a  gas,  knowing  its  analysis.     With   sonn' 
study  and  practice  during  his  leisure  hours  it  is  within 
the  operator's  reach  to  learn  how  to  analyze  the  gas  him- 
self. It   is   a   very   simple   process   to   at   least    find    the 
amount  of  CO,,  0,  and  CO  present,  especially  with  an 
Orsat  or  similar  apparatus.     Although  this   analysis   is 
not  enough  to  figure  the  heat  value  it  gives  a  clue  to  the 
condition  of  the  fire  in  the  producer. 

The  analysis  should  show  only  a  very  small  amount 
of  CO,.  An  excess  of  CO,  in  producer  gas  is  evidence  of 
wasteful  combustion  inside  the  producer,  of  too  much 
air,  or  of  too  little  fire,  or  too  hot  a  fire. 

Free  oxygen  in  producer  gas  is  evidence  of  air  mr 
after  the  gas  has  passed  through  the  fire.     Free  ox}  ^ 
cannot  come  from  the  blast,  as  it  would  be  converted  iiii 
CO.    Carbon  monoxide  should  be  the  prominent  constit- 
uent  of   producer   gas,   and    the   higher   the   percentaL;'' 
present  the  better.     So  small  a  percentage  of  CO  wmiM 
be  due  to  the  same  troubles  that  cause  excess  of  CO... 

Too  much  hydrogen  is  likely  to  cau.se  premature  ig- 
nition in  the  engine,  a  trouble  which  may  cause  serimi- 
results;  therefore,  the  percentage  of  hydrogen  must  li' 
kept  within  liuiits.  An  excess  is  due  to  too  much  ster.iu 
being  drawn  through  the  fire. 

Marsh  gas  (CH^)  is  a  valuable  constituent  of  producer 
gas,  as  it  has  a  high  heat  value ;  the  more  present  the 
better.  But  should  an  analysis  of  the  exhaust  gases  show 
the  presence  of  CH^,  there  is  a  great  deficiency  of  air,  as 
the  combustion  is  incomplete. 

Sticking  Fuel  Valve 

In  the  operation  of  an  80-hp.  oil  engine,  using  crude 
oil,  considerable  trouble  was  experienced  during  a  cold 
snap  by  the  fuel  valve  sticking.  The  trouble  was  thought 
to  be  due  to  the  viscosity  of  the  oil,  and  the  following 
scheme  for  preheating  proved  both  cheap  and  effective. 

Four  16-ep.  incandescent  lamps  were  placed  around  the 
copper  feed  pipe  in  close  proximity  to  the  valves  and  thor- 
oughly covered  with  asbestos.  Practically  all  of  the  energy 
put  into  the  lamjjs  was  thus  converted  into  heat  and 
transferred  to  the  copper  pipe,  which  in  turn  heated  the 
oil  as  it  passed  through, 

Bisbee,  Ariz,  G.  S.  Wills. 


A  Speed  of  3310  r,p.in.  for  an  automobile  motor  "was  estab- 
lished by  the  automobile  testing  plant  of  the  Worcester  Poly- 
technic Institute.  Mass.  The  conditions  under  "n'hich  the  tests 
were  made  approximated,  as  closely  as  possible,  actual  duty 
on  the  road.  A  dynamometer  indicated  that  the  20-hp.  rating 
of  the  motor,  a  Studebaker.  was  reached  at  1120  r.p.m.  At 
1900  r.p.m.,  30  hp.  was  developed,  and  at  3310,  the  maximum 
36  hp..  equivalent  to  a  speed  of  89  mi.  per  hr.  .\t  about  3300 
r.p.m.   the   power  curve  began    to   drop. 
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Heat  Transmission  with  Pipe  Coils  and 

Cast-Iron   Heaters  under  Fan 

Blast  Conditions* 

A  series  of  1-i  tests  made  at  the  Institute  of  Thermal 
Eesearch  of  the  American  Radiator  Co.,  on  pipe  coilo 
of  standard  make,  with  the  1-in.  pipe  spaced  on  2%-in. 
centers,  were  discussed  by  the  author  and  for  comparison 


Eleva+'ion 

Fjci.  1.    Plan  and  Elevatiox  of  Ticsting  Appakati's 

with  tlie  results  equivalent  values  in  Vento  heaters  were 
given.  Tests  were  made  on  five  sections,  three  sections 
and  one  section  deep.  Each  section  contained  four  stag- 
gered rows  of  pipe,  making  193.1  sq.ft.  of  surface  to 
each  section,  with  a  clear  area  for  the  passage  of  air  of 
17.06  .sq.ft. 

Steam  was  generated  in  cast-iron  sectional  boilers  at 
pressures  ranging  from  9  to  18  lb.  per  sq.  in.  These 
pressures  were  reduced  at  the  coils  to  a  lower  pressure 
ranging  from  2  to  6  lb.  per  sq.in.  The  condensation  was 
cooled  and  weighed  in  barrels.  There  was  a  steam  sepa- 
rator in  the  high-pressure  line  and  a  similar  one  in  the 
low-pressure  line.  Each  coil  was  vented  out  of  the  return 
compartment  on  the  same  end  of  the  coil  where  steam, 
return  and  bleeder  connections  were  made.  Each  coil  had 
individual  valves  on  every  connection.  The  bleeder  header 
was  looped  into  the  return  header.  A  steam-jacketed 
tank,  with  pressure  equalized  from  the  return  header, 
served  as  a  means  of  observing  and  regulating  the  flow 
of  condensation  out  of  the  return  pipe.  The  tests  were 
started  and  stopped  with  the  water  level  in  the  tank  at 
a  certain  height,  as  shown  by  a  string  on  the  gage  glass, 
so  as  to  keep  the  bleeder  loop  sealed  but  leave  the  return 
header  dry.  The  temperature  of  the  steam  was  taken  by 
a  single  calibrated  thermometer  and  there  was  a  similar 
thermometer  on  the  return  connection  to  each  coil. 

Before  starting  a  test  the  coils  were  found  to  be  hot  all 
over.  The  variable-speed  motor  and  dampers  in  the 
discharge  piping  provided  means  to  obtain  any  desired 
velocitv  of  air  through  the  coils.     Velocities  were  meas- 


ured with  a  pitot  tulie  and  manometer,  and  these  veloci 
ties  agreed  within  an  average  of  6.65  per  cent,  of  th( 
velocities  calculated  from  the  amounts  of  condeusatioi 
weighed.  The  velocities  derived  from  the  condensatioi 
values  were  used  as  test  results  since  these  results  gave 
the  total  amount  of  heat  taken  out  of  the  steam  ant 
therefore  the  maximum  heating  of  the  air.  The  velocitie; 
measured  with  the  pitot  tube  were  lower  than  those  cal 
culated  out  of  doors  from  the  face  of  the  coils  and  i 
small  amount  of  heat  was  radiated  through  the  heatei 
and  the  fan  outlet,although  all  this  sheet-steel  work  was 
covered  2  in.  thick  with  hair  felt.  All  the  steam,  returi 
and  bleeder  headers  and  connections  were  also  coverec 
with  hair  felt. 

With  the  pitot  tube  readings  were  taken  at  A,  Fig.  1 
on  one  horizontal,  one  vertical  and  two  diagonal  diame- 
ters, 10  readings  on  each  diameter,  thus  making  read 
ings  at  40  different  points.  These  40  readings  wen 
taken  twice  in  an  hour.  The  average  velocity  was  cal- 
culated from  these  velocity-pressure  readings  and  thh 
velocity  was  reduced  to  its  value  for  dry  air  at  70  deg 
temperature  and  29.92  in.  barometer,  which  is  used  as  ;-. 
standard.     At  D  is  shown   the  location  of  the  cold-aii 
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♦Abstract  of  paper  read  bv  Ij.  C.  Soule  before  the  .Ameri- 
can Society  of  Heating  and  Ventilating-  Engineers,  July  17-19, 
Buffalo,    rf.    Y. 
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Fig.  2.    Chart  Showing  Fmction  Losses 

thermometers,  at  E  the  two  static-pressure  tubes,  at  C 
the  five  thermometers  measuring  the  final  temperature 
of  the  air,  and  at  B  the  manometer  registering  the 
velocity  pressure.  The  entire  sheet-steel  work  from  the 
cold-air  inlet  to  the  fan  was  made  airtight,  since  the  air 
was  measured  on  the  suction  side  of  the  fan. 

Tables  1,  2  and  3  show  the  results  of  these  pipe-coil 
tests  and  the  equivalent  values  in  Vento  heaters.  The 
Vento  charts  have  been  used  to  work  out  the  universal 
performance  of  the  pipe  coils.  To  illustrate,  take  the  re- 
sults from  Test  No.  5  in  Table  1  on  five  4-row  sections 
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of  pipe  coils.     Weather  clear,  barometer  29.SI.5  in.,  teiii- 
perature  of  steam  in  coils  :i23  deg. 

Eefer  to  the  Vento  friction  chart,  Fig.  2.     Dra«-  a 
horizontal   line  through  a  friction  of  0.4:4  in.  of  water, 

TABLE  1.     COMPARISON  OF  1-IN.  PIPE  COILS  WITH  60-IN    REGULAR  SECTION  VENTO 
PIPE  COILS,  5  SECTIONS  DEEP,  20  PIPES 


from  223  deg.  the  104.4  deg.  temperature  of  air  leaving 
heater  leave.s  118.6  deg.  Draw  these  horizontal  lines  of 
200.8  deg.  and  118.6  deg.  temperature  on  the  Vento  tem- 
])erature  chart.     At  the  points  where  the  200.8  deg.  line 
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0 ,  384 

0.186 
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17.0(1 

670 
12.32 

860 
17.06 

1200 
12.22 

1031 
17  00 

1430 
12,37 

1000 
17  (16 

1335 

12,78 

772 
17  06 

1084 
12   15 

662 
17  06 

925 

12  21 

deg.  F 

23.6 

23  6 

22.25 

28,4 

28.4 

Temperature   leaving   air. 

deg  F 

128.2 

128.2 

110  4 

110,4 

121,4 

121.4 

104.6 

104 .  B 

88.15 

88,15 

82,2 

82.2 

83.12 

83,12 

89,7 

S9   7 

93 

93 

Total  condensation,  lb 

961  5 

961  5 

1431 

1431 

16.39 

1639 

1576 

1312 

13   12 

1169 

1169 

Condensation  per  sq.ft.  per 

hr.,  lb 

0.996 

1,035 

1.482 

1 ,  .526 

1 .  697 

1   725 

1    632 

1,647 

1   359 

1,436 

1,21 

1,27 

Per  cent,   greater  velocity 

38,5 
928 

963,5 

938 

■965.3 

930 

965 ,  5 

957 

965  5 

40  5 
914 

965 . 3 

40 

Total  heating  surface,  sq.ft. 

983.5 

920 

Per  cent,  surface  required .  . 

100 

96  1 

100 

97,1 

100 

100 

100 

94   7 

100 

95  3 
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Line  represents  Temperai 
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intersects  1645,  1440  and  12!)7-ft.  velocity,  lay  off  from 
these  points  to  the  right,  three  deep,  four  deep  and  five 
deep,  respeetivelj^  of  Vento  stacks  of  regular  sections  on 
5-in.  centers.  From  these  new  points  extend  vertical 
lines  upward — each  to  its  point  of  respective  velocity. 
This  gives  three  points  which  must  be  connected  with  a 
curve  as  shown.     At  the  point  where  this  curve  intersects 

TABLE  3.     COMPARISON  OF  1-IN.  PIPE  COILS  WITH  60-IX.  REGULAR 

SECTION  VENTO 

PIPE  COILS,  1  SECTION  DEEP,  4  PIPES 


Pipe 


Vento 


13  13 


14   16 


4  Row  Pipe  Coils- 2 V'Cen+srs  of  Pipes,  Sections  Deep 


13      14     15     16 


I      2      3     4       5      6      7       8„    9      10      1 

Regular  Vento.  5%  Centers,  Stacks  Deep 

I        2       3       4        5       6       7        6       9       10      II       12       15      14 

'■'""•''  Regular  Vento,  5"Centers.  Stacks  Deep 

Fig.  3.    Ti:Mi'i:i!.\Tri;ic  Chaut 

which  is  the  friction  observed  in  test  No.  5  for  five  sec- 
tions deep  of  pipe  coils  at  1054  ft.  per  min.  velocity.  This 
line  intersects  three  stacks  deep  of  regular  Vento  sections 
on  5-in.  centers  at  1645-ff.  velocity,  four  stacks  deep  at 
1440-ft.  velocity  and  five  stacks  deep  at  1297-ft.  velocity. 


Heater 

Date  of  test,  1913 Jan.  1 

No.  of  test 9 

No   of  stacks  or  sections  deep 1 

No,  of  loops  or  pipes  wide 25 

Centers  of  loops  or  pipes,  in 2.75        5  2,75          3          2,73        5 

Friction,  in.  of  water 0,114  0.114  0.0325  0.0325  0  075  0.075 

Velocity  of  air.  ft.  per  min.  at  70  deg.   1296     1600  637        835        922      1295 

Free  area,  sq.ft 17.06  13.83  17.06 

Temperature  entering  air,  deg.  F..    .    30.4     .30.4  33.6 

Temperature  leaving  air,  deg.  F 48 . 3     48 . 3  56 . 7 

Temperature  rise,  deg.  F 17.9     17.9  23.1 

Total  eonden.sation,  lb 440.5  440.5  279.5 

Cond.  per  sq.ft.  per  hr.,  lb 2.28    2,394  1.448 

Per  cent  greater  velocity  with  Vento   ....      23.  5  .... 

Total  heatins;  surface,  .sq.ft 193 . 1     184  193 . 1 

Per  cent-  surface  required 100      95.2  100 

the  118.6-deg.  line  a  velocity  of  1430  ft.  per  min.  is 
olitnined.  E.xtend  a  line  downward  from  this  point  and 
another  line  downward  from  the  point  of  intersection  of 
1430-ft.  velocity  with  the  200.8-deg.  temperature  line 
and  it  will  be  found  that  the  horizontal  distance  apart 
of  these  two  vertical  lines  is  equal  to  4.055  stacks  deep 
of  Vento  regular  sections  on   5-in.  centers.     This  viilue 


13.0 

17.06 

12.15 

33.6 

.36  75 

36.75 

36.7 

56.56 

56.56 

23.1 

19.81 

19.81 

279.5 

347 

347 

1.57 

1.796 

2  0,54 

31.0 

40.5 

178 

193.1 

169 

92 

100 

.87.  5 

TABLE  2.     COMPARISON  OF  1-IN.  PIPE  COILS  WITH  60-IN.   REGULAR  SECTION   VENTO 
PIPE  COILS,  3  SECTIONS  DEEP,  12  PIPES 


16 


2  75 
0 ,  005 
613 


Heater  co 

Date  of  test.  1913 Jan 

Number  of  test 1 

Number  of  stacks  or  sections  deep 

Number  of  loops  or  pipes  wide 2 

Centers  of  loops  or  pipes,  in 

Friction,  in.  of  water 

Velocity  of  air,  ft.  per  min.  at  70  deg 

Free  area,  sq.ft 17  06             12  .'>            J  V  ot 

Temperature  entering  air,  deg.  F 43  3             43 , 5             43  3 

Temperature  leaving  air,  deg.  F 104  3            104 . 3            9I>  3 

Temperature  rise,  deg.  F 60  ,S             60.8               33 

Total  condensation,  lb 711                711                922 

Condensation  per  sq.ft.,  per  hr.,  lb 1.228            1,274             1.595 

Per  cent,  greater  velocity  with  Vento. 36 .  6  

Total  heating  surface,  sq.ft .579  3             5.58             .579,3 

Per  cent,  surface  required 100              06  3               100 

Now  refer  to  the  Vento  temperature  chart.  Fig.  3. 
The  temperature  of  the  steam  in  the  heater  for  test  No. 
5  is  223  deg.  Subtracting  from  this  the  22.2  deg.  tem- 
perature of  entering  air  leaves  200.8  deg.     Subtracting 


0,2075 
1260 
12,42 
43  3 
96  3 
33 
922 
1  65 
37  5 
559 


coils 
Jan.  16 


2,75 
0.30 
1130 
17  06 
43.8 
94.4 
48  6 
1042 


0.30 
1500 

12  86 
45  8 
94.4 
48  6 
1042 

1,788 
32  7 
383 

1(K)  6 


0  141 
703 

17,06 
46  9 

106  6 
.59.7 
796 

1 .  375 


0  141 
990 
12  12 
46.9 
106.6 
59  7 
796 
1,358 
40.9 
.586 
101  13 


27.5 
0.241 

987 
17  06 

31  8 

100  8 

49 


0,241 
1345 
12  52 


1.383 
36  2 
580 

100  12 


for  Vento  is  shown  in  Table  1  in  the  column  just  to  the 
right  of  pipe-coil  test  No.  5  with  which  the  Vento  is  com- 
pared. 

Test  No.  5  velocity  through  pipe  roils  of  1054  ft.  jxr 


S.'pteinlier  23,  1913 


POWEE 


437 


mill.,  multiplied  by  17.06  (square  feet  free  area),  gives 
air  voliniie  at  70  deg.,  aud  this  volume  divided  by  1430 
(feet  per  minute  equivalent  velocity  through  Vento) 
gives  a  free  area  of  12.57  sq.ft.  This  free  area  is  ob- 
tained in  14.65  loops  wide  of  60-in.  Veuto  on  5-in.  cen- 
ters of  loops.  From  these  data  a  total  surface  of  Vento 
of  950  sq.ft.,  as  compared  with  965.5  sq.ft.  of  pipe  coils 
to  do  the  same  work,  is  obtained. 

Three  of  the  tests  indicated  about  1  per  cent,  more 
Vento  required  than  pipe  coils,  while  in  the  other  eleven 
tests  the  slight  advantage  was  in  favor  of  Vento. 

By  plotting  all  of  the  pipe-coil  test  results  on  the  uni- 
versal temperature  chart.  Fig.  3,  it  is  found  that  they 
agree  very  closely.  From  this  chart  can  be  read  off  the 
performance  of  these  pipe  coils  under  any  usual  condition 
of  steam  pressure,  entering  air  temperature,  number  of 
[sections  deep  and  velocity  of  air  through  the  coils. 

It  was  found  from  the  tests,  in  comparing  pipe  coils 
(with  pipes  on  2%-in.  centers)  with  Vento  heaters,  that 
ifor  the  same  friction  there  is  35  per  cent,  greater  velocity 
'through  the  Vento  than  through  the  pipe  coils — when 
us'ng  one  stack  deep  of  regular  Vento  on  5%-iu.  centers 
dl'  !(i(^ps  against  each  section  deep  of  four-row  pipe  coils. 
Similarly,  four  stacks  deep  of  regular  Vento  on  5-in.  cen- 
ters equal  in  friction  effect  five  sections  deep  of  four-row 
pipe  coils  when  the  velocity  is  35  per  cent,  greater 
through  the  Vento.  The  foregoing  comparisons  in  this 
paragraph  apply  to  a  condition  of  raising  a  given  volume 
pf  air  through  the  same  range  of  temperature  with  the 
Same  frictional  loss.  Under  these  conditions  of  equality 
he  amount  of  heating  surface  required  will  be  tlie  same 
s'ith  pipe  coils  as  with  Vento  heaters. 

Expense  of  Operating  Heating  and 
Ventilating  Plants 

At  the  Buffalo  meeting  of  the  American  Society  of 
Heating  and  Ventilating  Engineers,  H.  M.  Hart  read 
1  paper  on  the  above  subject,  which  was  baSed  on  a 
eport  of  a  committee  comprising  H.  M.  Hart,  chair- 
nan,  N".  L.  Patterson  and  G.  L.  Hubbard,  to  the  Illinois 
hapter.  Residence  heating,  apartment  buildings  and 
chool  buildings  were  given  brief  mention,  but  due  to 
arious  reasons,  there  was  a  wide  variation  in  the  figures, 
0  that  these  data  will  be  omitted. 

For  office  buildings  Mr.  Hubliard  gave  the  following 
>rief  outline  of  his  general  practice  in  estimating  the 
ost  of  operation  of  the  heating  apparatus. 

The  smaller  the  plant  Ihe  greater  the  cost  of  heating 
ill  be  per  square  foot  uf  radiation,  largely  on  account 
f  the  cost  of  labor.  Assuming  that  the  radiation  shown 
n  the  plans  is  the  correct  amount  for  properly  heating 
lie  building  between  the  limits  of  outside  and  inside  tem- 
peratures, and  that  the  ventilating  equipment  is  also 
orrectly  proportioned,  the  first  thing  to  determine  is 
lie  amount  of  steam  that  will  be  used  in  producing  the 
eat  necessary  to  warm  the  Iniilding.  For  this  it  is  neces- 
Sry  to  estimate  the  percentage  of  the  total  radiation 
hat  will  be  in  use  continuously  and  the  length  of  the 
eating  season.  For  example,  in  the  usual  office  building 
ii  Chicago,  with  direct  radiation  in  all  stories  above 
Tads  and  with  ventilating  equipment  for  all  stories  be- 
i)w  grade,  he  assumed  that  65  per  cent,  of  the  direct 
adiation  would  be  in  use  for  the  full  24  hours  per  day 


for  a  period  of  7  months  and  50  per  cent,  of  the  fan-coil 
surface  for  10  hours  per  day  for  6  months.  With  a 
condensation  per  square  foot  of  direct  radiation  of  ^4  ^^■ 
per  hr.  and  per  square  foot  of  fan-coil  surface  of  1% 
lb.,  the  total  amount  of  steam  required  per  year  can 
readily  be  detenninerl. 

Assuming  that  with  the  ordinary  coal  used  an  evapora- 
tion of  6  lb.  of  water  per  pound  of  coal  can  be  obtained 
under  all  conditions  of  load  and  firing,  day  in  and  day 
out,  the  amount  of  coal  required  during  the  heating 
season  can  be  obtained  by  dividing  the  steam  used 
by  6.  This  reduced  to  tons  and  multiplied  by  the 
cost  per  ton  (say  about  $2.60  under  the  usual  con- 
ditions in  Chicago),  will  gi\o  the  cost  of  coal  per 
year.  Ash  removals  should  be  about  10c.  per  ton 
of  coal,  and  the  makeup  watei'  required  should  bi' 
al>out  5  per  cent,  of  the  total  steam  per  year.  The 
only  other  item  to  be  considered  is  the  labor,  and  this 
iiui  t  he  determined  in  each  case  on  its  own  merits. 
There  must,  of  course,  lie  a  man  in  charge,  and  as  he 
will  have  to  devote  a  large  portion  of  his  time  to  work 
in  parts  of  the  liuildiiig  outside  of  the  boiler  room,  il 
is  probably  correct  In  clKirgc  one-third  of  his  salary  to 
the  heating  plant.  In  addition,  there  must  be  firemen 
and  coal  passers  enough  to  handle  the  fires  properly, 
remove  ashes,  and  see  to  the  normal  operation  of  the 
boilers,  and  one  or  two  handy  men  to  do  the  odd  jobs 
that  are  always  requiring  attention. 

The  foregoing  make  up  all  the  actual  outlay  required 
to  produce  the  steam  for  heating,  but  it  is  customary 
also  to  consider  depreciation,  repairs,  etc.,  which  amount 
to  12  per  cent,  of  the  original  cost  of  the  plant. 

If  the  pumps  required  by  the  plant  and  the  fans  are 
steam-driven  and  the  steam  is  turned  into  the  heating 
system  no  s]iecial  account  need  be  taken  of  the  amount 
used,  but  if  they  are  motor-driven  a  further  sum  must 
be  added  to  the  foregoing  cost :  that  for  the  electric  cur- 
rent consumed,  whether  this  is  oblaiiu'd  from  a  plant 
in  the  building  or  from  a  ceiitral-p<i\vcr  plant. 

In  reference  to  actual  ])ractice  two  different  buildings 
of  about  the  same  type  and  size  were  taken,  one  having 
its  own  power  plant,  and  the  other  operating  a  heating 
plant  only,  and  the  following  data  given. 

In  a  modern  office  building  equipped  with  a  vacuum 
system,  temperature  control,  low'-pressure  boilers  and 
smokeless  furnaces,  the  theoretical  fuel  consumption  is 
as  follows : 

The  direct  radiation  is  60,850  .sq.  ft.    The  average  out- 
side temperature  for  the  seven  heating  months  of  191 1 
and  1912  Avas  33. G  deg. ;  therefore,  the  theoretical  num- 
ber ul'  hours  that  radialcrs  would  be  turned  on  would  ln' 
70  —  :!:!.(; 
yii 

and  451/2  per  cent,  of  210  days  X  21  hr.  would  be  2293 

hr.     Therefore  the  steam  required  for  heating  would  be 

60,850  X  225  X  2393 


0.455 


961 


32,008,091  ///. 


To  this  should  be  added  the  loss  through  piping  which 
is  covered  with  85  per  cent,  magnesia.  This  has  been 
estimated  to  be  3  per  cent,  of  the  total,  which  would 
make  the  total  loss  by  radiation  33,648,133  lb. 
For  ventilation  there  arc  the  following  units: 
One  unit  delivering  33,480  cu.ft.  per  min.  at  an 
average  rise  of  26.4  deg.  for  20  hr.  per  day. 
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One  unit  delivering  1S,4()0  cu.i't.  ])ev  niin.  al  an  avm-- 
age  rise  of  28.4  deg.  for  20  hr.  per  day. 

One  unit  delivering  33,860  cu.  ft.  per  niin.  at  an  aver- 
age rise  of  51.4  deg.  for  10  hr.  per  day. 

One  unit  delivering  19,500  en. ft.  per  niin.  al  an  aver- 
age rise  of  76.4  deg.  for  10  hr.  per  day. 

The  steam  required  for  the  ahoxe  service  would  iie 
as  follows: 

Rise  Mill.        Hr.         Days      Lb.  of  Stoam 

o-i,i-iO  X  26.4  X  60  X  20  X  ISO       ,,  ,„,  ^_ 
55^<-9(iI =  3,4'..,, a. 

18,400  X  28.4  X  60  X  20  X  180  _ 

55^061  ^,1.^5,.'..l 

33,860  X  51.4  X  60  X  10  X  180       .,  „,.  .,,., 

—z z =  3,55l),.il/i 

55  X  961 

in, 500  X  76.4  X  60  X  10  X  180       .,,,,,  ^  _ 
5^X-9^iI =  '^'^*'''^'' 

This  makes  a  total  of  12,233,597  lb.  of  steam  for 
ventilation,  which,  added  to  that  required  for  heating, 
makes  a  total  of  45,881,730  lb.  of  steam.  When  burn- 
ing screenings  and  evaporating  6  lb.  of  water  per  pound 
of  coal  this  amount  of  steam  would  require 

45,881,730  -^  (6  X  2000)  =  3823  ions. 
The  actual  fuel   consumption  per  month  was  as  shown 
in  Tabb  1. 

TABLE    I.     ACTUAL    Fl'EL   CONSUMPTION   IN   OFFICE   BUILDING. 

Outside  Average 

Tlieoretical  Actual  Temperature,  Wind, 

Tons  Tons  Degrees  Miles 

October 248  301  5-3.3                  12.8 

November..                                    542  573  .35.4                  16.9 

December                                        547  468  -35  0                  14.4 

Januarv 783  913  11.9                  14.2 

Februarv...                                    759  656  21.8                  14.4 

March..'..                                          640  661  2S.S                   13.5 

April 338  286  48.8                  16.5 

It  will  be  noticed  from  this  table  that,  during  the 
mouths  of  November  and  December,  the  temperature 
was  about  the  same,  but  the  wind  velocity  decreased  about 
15  per  cent,  and  the  fuel  consumption  about  18  per  cent. 
The  difference  between  the  months  of  April  and  October, 
of  course,  is  not  consistent,  but  as  the  engineer  had  no 
means  of  weighing  the  coal  as  it  was  put  into  the  boilers 
the  figures  given  per  month  might  not  be  absolutely  cor- 
rect. The  cost  of  operation  of  this  heating  plant  is 
given  in  Table  2. 

TABLE  2.     COST  OF  OPERATION   OF   HE.\TING   PLANT 

Coal.  3S5S  tons  at  $2.37 S9.143.46 

Remo\'ins  ashes 554.00 

Oil.  waste  and  packing 160. 00 

Repairs 100.00 

Labor 4..->pn  00 

Electric  current  for  vacuum  and  boiler-feed  pumps . .  429 .  00 

Water,  approximately 200 .  00 

Interest  and  depreciation,  10  per  cent 2.-892  00 

Total $17,978.46 

The  actual  cost  of  jiroduciiig  steam  is 

lOOO  X  §17,978.46       „_  _  mnn  77 

--—    „ KT^TTT  =  38. 8(.-.  per  1000  Jb. 

3858  X  6  X  2000  ^ 

and  if  the  fuel  for  water  heating  were  added  in  there 
would  be  an  additional  expense  of  $2883  for  coal  and 
$174  for  removing  ashes,  making  the  total  expense  per 
year  $21,035.46.  Tliis  wouhl  bring  the  cost  of  steam 
per  1000  lb.  down  to 

1000  X $21,035.46  _  04  o 

5074  X  6  X  2000  ' 

Tn  another  building,  almost  a  dujilicatc,  having  its 
own  electric  generating  plant  and  hydraulic  elevators,  the 


heating-  load  would   be  about  as   follow.^:     68,00(1  scj.   ft, 
direct  radiation,  requiring 
68,000  X  225  X  2293 
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36,506,6(1(1  ///.  II f  xlram 


The  injies  were  covered  with  molded  asbcslo.-:  and  th 
loss  through  them  may  be  estimated  at  1  ]ier  cent.,  whic 
would  bring  the  load  np  to   37,966,926   lb. 

For  heating  water  the  load  may  be  estimated  to  b 
about  the  same  as  in  the  previous  building,  which  n 
quired  14,600,000  lb.  of  steam,  making  a  total  of  53, 
■■">66,926  lb.     The  cost  of  operation   is  given   in  Table 

TABLE  3-     CO.ST  OF  OPERATION  OF  POWER  AND  HEATI.N'G 

PLANT 

6275  tons  No-  4  washed  nut  at  S3 

Removing  ashes 

Oil,  waste  and  packing 

Water 

Lamp  renewals 

Labor 

Interest  and  depreciation,  10  per  cent.  - 

Total 


To  olitain  the  cost  of  steam  for  heating,  ilie  dcdui  ; 
given  in  Table  4  must  be  made. 

TABLE  4.      DEDUCTIONS  TO   BE  MADE  TO  OBTAIN  COST 
IlK  \TIXf; 


For  644,742  kw.-hr-  generated : 
Fuel  at  49  lb-  steam  per  kw.- 

Water 

Lamps 

Ashes 

Oil,  waste  and  packing 

Labor 

Interest  and  depreciation.  - . 


Total 

For  Elevators: 

Coal 

Water 


i,.551.00 
249.00 
486  00 
310  00 
100  00 
I  ..SS 1  00 
1.(11  111  00 


Oil,  waste,  etc- 

Labor 

Interest,  etc  - . . 


S 12, .580. 00     $12,580,1 


00      .S12,.3,'!:!  OO 


Total..-- 524,913.00 

Then  $39,398  —  $21,913  =  $14,485  would  be  the  addi- 
tional cost  for  heating.  If  this  were  taken  at  the  same 
cost  rate  as  the  previous  building,  the  cost  of  heatiug 
would  be  52,566,926  lb.  of  steam  at  34.4c.  per  1000  lb., 
or  $18,083.  Therefore,  the  saving  on  the  cost  for  heat- 
ing is 

$18,083  —  $14,485  =  $3598 
However,    this   does   not    represent   the    actual    saving 
shown  by  the  operation  of  this  plant.    The  saving  would 
be  as  follows : 

Cost  of  heating  without  plant 

Revenue  for  kw.  sold 

Revenue  for  kw.  for  public  lighting. 
Cost  of  elevator  i 


Total 

Less  cost  of  operation . 


Neiv  Eleetrio  Interurlian  Kailivny — Service  on  the  Oakland, 
Antioch  and  Eastern  Railway  was  initiated  September  3  when 
a  schedule  of  eight  trains  daily  between  Sacramento  and 
San  Francisco  became  effective.  On  August  30  a  two-car 
train  made  the  run  of  91  miles  in  3  hr.  and  10  min.  The  J. 
G.  White  Companies  were  represented  on  this  trip  by  mem- 
bers  of  the  San    Francisco  office. 

The  Shepard  Pass  tunnel,  built  for  this  road,  and  located 
about  5  miles  from  Oakland,  is  nearly  two-thirds  of  a  mile 
long,  the  longrest  thus  far  constructed  in  this  country  for  an 
interurban  electric  railway.  The  new  road  is  equipped  with 
electric  locomotives  and  steel  ears  including  Pullman  and  ob- 
servation  cars. 

The  distribution  system  from  the  railway  substations  is 
1200-volt   direct  current  with  overhead  catenary  construction. 

The  power  is  supplied  by  one  of  the  large  hydro-electric 
companies  whose   lines  intersect  the   railway. 
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Cheaper  Power — Reduced  Manufactur- 
ing Costs 

The  revised  tarill:  r;ik's  ■^liortly  to  become  effective  are 
bound  to  have  cousiclerable  etlect  upon  the  manufactur- 
ing industries  of  the  country.  Whether  tlie  results  are 
to  be  beneficial  or  otherwise  depends  largely  upon  the 
foresight  and  enterprise  of  manufacturers  in  meeting  in- 
creased competition,  etc.  In  other  words,  the  manufac- 
turer who  is  to  feel  the  increased  competition,  more  than 
ever  before,  must  decrease  his  manufacturing  costs, 
among  which  one  of  the  main  expenses  is  that  for  power. 

The  small  manufacturer  will  undoubtedly  be  the 
greatest  sufferer  and  the  logical  solution,  in  any  case,  is 
increased  production  to  compensate  for  decreased  rate  of 
profit.  This  is  made  possible  by  consequent  increased 
markets.  The  manufacturer  who  is  brought  into  com- 
petition with  foreign  products  can  only  successfully  meet 
that  competition  by  reductions  in  the  market  price  of  his 
own  output,  which  means  that  he  must  not  only  sell 
cheaper  than  formerly  but  he  must  and  will  sell  more, 
decreased  prices  invarial>ly  creating  increased  demands. 
The  manufacturer  who  is  not  affected  by  the  introduc- 
tion of  foreign  products  will  find  an  increased  market 
for  his  goods,  for  statistics  show  that  increased  importa- 
tion invariably  creates  an  equal  or  greater  export  trade. 
The  manufacturer  who  in  the  past  has  successfully  en- 
tered the  foreign  markets  will  then  find  his  export  busi- 
ness' rapidly  increasing.  Increased  manufacture  must 
therefore  result  from  reduction  in  the  tariff  rates  if  the 
American  manufacturer  is  to  hold  his  own. 

Increased  manufacture  will  necessitate  more  factories, 
increasing  the  capacity  of  existing  factories  or  the  taking 
of  other  means  of  increasing  output  as  well  as  reducing 
manufacturing  costs.  Building  new  factories  and  enlarg- 
ing old  ones  will  involve  the  investment  of  considerable 
capital,  capital  for  which  undertakings  will  be  difficult 
to  obtain  until  industrial  and  manufacturing  operations 
recover  from  the  readjustment  of  conditions  that  must 
be  expected;  i.e.,  until  the  industrial  and  manufacturing 
situation  is  once  more  stable. 

Factory  output  could  be  increased  without  additional 
investment  for  power  if  continuous  operation  were  pos- 
sible. The  average  factory  power  house  is  now  in  pro- 
ductive operation  only  about  ten  liours  a  day.  This  is 
true  of  the  coal-burning  plant.  Such  a  plant  can  be  far 
mnre  economically  operated  continuously  than  with  the 
present  long  and  rotrular  periods  of  productive  inactivity. 

\  power  liouse  that  is  productively  operated  twenty- 
four  hours  each  day  consumes  more  coal  than  one  that  is 
inoperative  more  than  half  the  time,  the  cost  of  attend- 
ance is  greater  as  is  also  the  expense  for  oil,  waste,  sup- 
plies, etc.,  but  the  plant  burden — depreciation,  repairs, 
interest  on  the  investment  for  land,  building  and  equip- 
ment, insurance  and  taxes — is  no  greater,  or  very  little 
greater  than  when  the  hours  of  operation  are  hut  ten  a 
day ;  the  result  being  that  the  yearly  total  cost  of  power 


in  a  jilant  operating  twenty-four  hours  per  day  and  one 
operating  ten  hours  per  day  is  seventy  per  cent,  (in  a 
plant  of  one  hundred  horsepower  or  so)  to  fifty  per  cent, 
(in  a  plant  of  several  thousand  horsepower  capacity) 
more  in  the  former  than  in  the  latter,  although  nearly 
two  and  one-half  times  as  much  power  is  available. 

'\\'ith  coal  at  the  average  price,  that  means  that  the 
total  cost  of  power  jjcr  horsejjower  \)qv  hour  (brake  horse- 
power at  the  engine)  in  the  small  plant  would  be  reduced 
from  about  two  and  five-eighths  cents  to  about  one  ami 
seven-eighths  cents  and  in  the  large  plaait  from  about 
somewhat  over  one-half  cent  to  not  much  more  than  one- 
third  cent.  iSuch  econoniical  power  production  would  be 
even  greater  than  that  obtainable  by  doubling  the  size 
of  the  power  house — doubling  its  ten-hour  per  day  ca- 
pacity by  duplicating  the  power  house.  A  saving  of  from 
one-sixth  to  three-fourths  cent  per  horsepower,  depending 
upon  the  size  of  the  plant,  would  represent  a  considerable 
in  the  cost  of  manufacturing. 

The  manufacturer's  bill  for  lighting  would  be  consider- 
ably increased  by  adopting  the  twenty-four  hour  day,  it 
is  true,  but  the  labor  charge  need  not  be  appreciably  in- 
creased by  opcriiling  three  eight-hour  shifts  (not  ovci'- 
time  work)  iieillicr  would  the  cost  of  raw  materials  be 
augmented.  The  latter,  in  fact,  being  reduced  owing  lo 
the  better  prices  obtainable  in  buying  in  so  much  larger 
quantities  than  fornu'riy. 

Boiler  Efficiency 

An  inexplicable  confusion  seems  to  exist  as  to  the  basis 
u]  on  which  to  calculate  boiler  efficiency.  The  1899  re- 
port of  the  American  Society  of  Mechanical  Engineers 
committee  on  the  "Kevision  of  the  Society  Code  of  188.') 
Relative  to  a  Standard  Method  of  Conducting  Steam 
Boiler  Trials"  contains  an  ambiguity  which,  if  its  rare 
mention  is  any  criterion,  has  gone  undetected  for  more 
than  ten  years  by  a  large  majority  of  the  engineering 
profession.  Powku  has  made  editorial  mention  of  it,  bu', 
so  far  as  we  know,  the  society  has  never  officially  made  a 
correction. 

This  error  appears  in  rule  XXI  which  states:  "Two 
methods  of  defining  and  calculating  the  efficiency  of  a 
boiler  are  reconimeiidcd.     They  are  : 

"].      Effincucij  of  the  hoiJer  = 

Heat  ahsorted  per  Tb.  of  comhuMhle 
Calorific  value  of  1  lb.  of  combustible 

"2.     Efficienrj/  nf  the  boiler  and  grate  = 

Heat  absorbed  per  lb.  of  coal  „ 
Calorific  value  of  1  lb.  of  coal 
All  of  which  is  just  about  equivalent  to  stating  that  two 
equals  four,   for  the  right  side  of  equation   1   is  exactly 
equal  tn  the  right  side  of  equation  8,  while  the  left  sides 
obviously  are  not  equal. 

If  80  per  cent,  of  the  heat  value  of  the  combustible  were 
absorbed  the  efficiency,  according  to  e(iuiition  1,  would  be 
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SO 
^  X  100  =  80  per  rent. 

nd  if  the  combustible  constituted  90  per  cent,  of  the 
)al.  the  efficiency  according  to  equation  2  would  be 

'^^  ^  ""^  X  100  =  80  per  cent. 
100  X  '-'O  ^  ^ 

le  same  as  before. 

From  a  subsequent  paragraph  of  the  commitlee's  re- 
3rt  is  apparent  that  what  was  really  meant  was 

1.     Efficicnnj  of  llie  boiler  = 

Heat  nhnorbed  per  lb.  of  combustible  burned 


C'alorijic  value  of  1  lb.  of  covibuatiblv 


k1 


2.     Efjicieiicy  of  the  boiler  and  grafe  = 

Heat  ab.torbed  per  lb.  of  coal  frcd 
Calorific  valne  of^l  lb.  of  coal 
The  Power  Tests  Committee's  report  presented  at  the 
112  anuual   meeting  contains   an    improved   method   of 
dculating  efficiency. 
This  report  states: 

"The  efficiency  of  a  boiler  is  the  ratio  of  the  amount 
F  heat  which  it  absorl)s  and  uses  in  making  steam  to 
le  amount  of  heat  furnished  to  it. 

"The  heat  which  is  furnished  to  the  grate  is  all  the 
eat  contained  in  all  the  coal  as  fired. 
"The  heat  furnished  to  the  furnace  and  boiler  is  that 
1  the  coal  which  is  burned.  If  a  part  of  the  good  coal 
rops  through  the  grate  the  boiler  and  furnace  should 
ot  be  charged  with  its  heat. 

"The  Committee  on  Tests  of  the  American  Society  of 
[echanical  Engineers,  therefore,  recommends  the  con- 
deration  of  two  efficiencies. 

"The  efficiency  of  the  grate  would  equal   the  first  of 
lese  formidas  divided  by  the  second  or 
Lb.  (f  ronibnstible  burned 
Lb.  of  combustible  fired 
"1.     Efficienci/  of  boiler,  furnace  and  grate  = 
Heat  absorbed  per  lb.  of  coal  fired  _ 
Calorific  value  of  1  lb.  of  coal 
lieat  ab.torbed  per  lb.  of  combustible  fired 
calorific  value  of  1  lb.  of  combustible 

'"i.     Efficiency  of  boiler  and  furnace  = 

Heat  absorbed  per  lb.  of  combustible  burned,, 
Calorific  value  of  1  lb.  of  combust  Rile 

This  is  a  great  improvement  on  the  older  definitions 
E  and  formulas  for  efficiency  and  is,  perhaps,  as  compre- 
ensive  as  possible,  consistent  with  simplicity. 

One  objection  that  might  be  raised  is  that  no  allowance 
;  made  for  the  moisture  content  of  the  coal  as  fired 
hich,  with  some  grades,  runs  rather  high.  It  is  not  just 
)  charge  against  tlie  furnace  and  boiler  the  loss  caused 
y  the  heat  used  to  evaporate  and  superheat  the  moisture 
Dutained  in  the  coal.  This  objection  may  generally  be 
lore  technical  than  practical  but  it  is  legitimate,  never- 
leless. 

Another  weakness  of  existing  or  proposed  standards  of 
oiler  efficiency  is  that  no  consideration  is  taken  of  the 
umau  factor,  which  has  a  very  strong  influence  indeed 
pon  results  obtained,  especially  with  hand-fired  equip- 


ment. It  does  not  seem  feasible,  however,  to  devise  a  foi 
mula  to  take  this  human  element  into  exact  account. 
However,  in  comparing  published  figures  on  efficiency  it 
is  well  to  bear  the  possibilities  of  tlie  human  factor  care- 
fully in  mind  and  refuse  to  concede  that  one  construc- 
tion or  type  of  apparatus  is  superior  to  another  simply 
because  a  better  showing  is  indicated  by  the  conventional 
methods  of  estimation.  An  endeavor  should  first  be  madi' 
to  analyze  the  report  for  the  purpose  of  determining  just 
how  great  the  human  element  has  influenced  the  results 
secured. 


Mr.  Williams'  Exceptions 

In  a  letter  appearing  on  page  444,  Arthur  Williams 
takes  exception  to  the  opinions  expressed  in  our  editorial 
on  the  Hall  of  Records  Test.  If  we  were  mistaken  as  to 
the  purpose  of  the  test  we  are  glad  to  be  set  right,  but 
this  all  the  more  strengthens  our  contentions,  for  if  the 
real  purpose,  as  Mr.  Williams  says,  is  to  determine 
whether  it  is  better  for  the  city  to  continue  operating 
that  particular  plant  or  shut  it  down  and  purchase  light, 
lieat  and  power,  then  in  the  latter  event  the  fixed  charges 
v.ill  go  on  just  the  same  and  should  ))e  added  to  the  cost 
of  the  purchased  product. 

AVithout  wishing  to  dispute  ilr.  Williams,  however,  we 
are  still  of  the  opinion  that  the  outcome  of  the  present 
test  will  have  an  indirect,  if  not  a  direct,  bearing  upon  the 
city's  policy  as  regards  municipal  plants  in  general. 

The  main  contention  of  our  editorial  was  that  the  city 
should  have  conducted  its  own  test  and  not  jointly  with 
tlie  New  York  Edison  Co.,  thus  not  only  taking  the  latter 
into  its  confidence  and  giving  it  a  voice  in  determining 
the  fixed  charges,  but  also  giving  it  daily  logs  of  the  test. 

We  expressed  our  explicit  faith  in  those  actually  con- 
dui-ting  the  test  and  did  not  question  the  scientific  stand- 
ing of  the  engineers  on  the  advisory  board;  nevertheless, 
we  should  expect  the  New  York  Edison  Co.'s  representa- 
tives to  push  their  client's  interests  first,  last  and  at  all 
times  as  faithfully  as  in  the  past. 

As  to  Mr.  Williams'  views  on  fixed  charges  we  have 
only  to  remind  him  of  his  remarks  at  the  joint  meeting 
of  the  American  Society  of  Mechanical  Engineers  and 
the  American  In.stitute  of  Electrical  Engineers  on  Mar. 
10,  1911.  We  have  not  seen  evidence  of  any  change  in 
Ills  views  since  then. 


The  Commission  of  Labor  of  Xew  Jersey  informs  us 
that  as  there  was  no  appropriation  made  with  which  t^ 
organize  the  Steam  Engineers  and  Boiler  Operators' 
License  Bureau  in  the  time  specified  by  law,  no  definitt 
time  limit  can  be  set  within  which  application  must  be 
made  to  obtain  an  engineer's  or  fireman's  license  without 
examination.  Nothing  can  be  done  by  the  New  Jersey 
Department  of  Labor  relative  to  licensing  engineers  and 
firemen  until  funds  are  appropriated  and  the  Bureau 
organized.  When  these  have  been  accomplished  mention 
will  be  made  in  these  columns. 

We  tried  to  make  it  plain  in  our  Aug.  19  issue  that 
the  Department  of  Labor  does  not  give  out  application 
blanks  because  it  has  none  to  give.  Nevertheless  several 
have  written  to  that  Department  requesting  blanks  and 
mentioning  our  article. 


September  23,  1913  P  (7  W  E  E 
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Safeguarding  Sumps  in  Power  Stations  Fastening  Loose  Babbitt 

The  importance  of  safeguarding  sum]is  in  power  sta-  The  following  is  a  good  way  to  fasten  babbitt  that  has 

tions  is  shown  by  an  accident  that  occurred  at  a  lighting      become  loose  in  the  bearing  or  ca]) : 

]ilant  in  a  Western  city.     The  pump  room,  constructed  Drill  and  countersink  a  hole  through  the  babbitt  and 

below  the  level  of  the  ground  and  lighted  by  windows  '"to  the  metal  of  the  cap  or  bearing.  Make  the  counter- 
only,  was  drained  by  an  uncovered  sump,  located  at 
one  of  the  corners  of  the  room,  which  did  not  receive 
much  light.  The  equipment  of  the  pump  room  included 
three  feed-water  heaters,  which  had  been  shut  down  while 
a  thermometer  was  being  installed  in  the  suction  of  the 
feed  pump.  During  the  progress  of  the  work  large  quan- 
tities of  hot  water  escaped  and  flooded  the  floor  of  the 
room,  as  the  sump  pump  was  necessarily  stopped.  The 
men  walked  upon  bricks  which  had  been  placed  on  the 
floor.  It  was  necessary  to  pass  near  the  sump  to  reach 
one  of  the  heaters,  and  the  engineer,  who  had  just  put  the 
heater  in  service  again,  slipped,  in  some  unaccountable 
way,  from  the  loose  bricks  and  fell  into  the  sump  filled 
with  hot  water.  The  accident  would  not  have  occurred 
if  the  sump  had  been  covered,  and  it  would  probably  not 
have  happened  if  the  pump  room  had  been  lighted  by 
electricity. 

Ernest  F.  Learned. 

Wntertown,  Mass. 

Repairs  to  Broken  Rockshaft  of  Pump 

The  sketch  shows  where  the  rock  shaft  of  a  duplex 
pump  was  broken.  Having  to  make  a  quick  repair  I  pro- 
ceeded as  follows:  Taking  the  rock  shaft  out  I  tapped 
a  %-in.  bolt  to  pass  easily  through  for  part  of  its  length 
as  shown.  After  putting  the  shaft  back  in  place 
I  tightened  ui)  on  the  bolt  drawing  the  broken  parts  to- 


X  Sec"Fion    X~X 

How   Loose  B.\niiiTT    Is   Fastened  to  Bearing 

bore  large  enough  so  that  the  head  of  the  screw  will  be 
below  the  babbitt,  as  shown. 

In  repairing  a  large  ca]),  such  as  shown,  put  in  the 
screws  indicated  b}'  A,  then  when  these  have  been  set 
up  hard,  drill  more  holes  and  distribute  the  screws  ac- 
cording to  the  area  of  the  babbitt  to  be  held. 

J.    G.    KOPPEL. 

Montreal,   Can. 


Repairing  a  Pump  Piston 

Eecently  I  was  asked  by  the  foreman  nuichinist  of  our 
plant  to  help  repair  an  old  pump  for  tank  service,  the 
pump  in  question  had  been  discarded  by  a  former  engi- 
neer as  being  unfit  for  use,  and  was  stored  away  in  a 
damp  basement  for  years.  It  is  a  single  low-pressure 
pump,  and  we  found  on  examining  it  that  outside  of  rust 
and  dirt,  the  damage  was  in  the  form  of  a  hole  worn 


How  THE  Break  Was  Repaired 

gether,  and  then  drove  in  the  long  key,  which  extends 
through  the  rocker-arm  and  into  the  rockshaft.  The  pump 
has  been  running  this  way  for  more  than  a  year  and  gives 
satisfaction. 

0.  E.  Mason. 
Chicago.  111. 


Fk).  L  Follower  Plate 


Fig.  2.  Pump  Piston 


completely  through  the  follower,  evidently  caused  by 
allowing  the  pump  to  run  with  the  studs  and  springs 
loose  in  the  bottom  of  the  jiiston. 

Fig.  1  shows  the  type  of  piston  and  Fig.  2  shows  the 
follower  and  the  location  of  the  hole  at  the  bottom. 

We  cut  a  piece  of  VV-i"-  fl<it  iron  to  the  shape  shown 
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y  the  dotted  lines.  Fig.  2,  and  riveted  it  to  the  out- 
side of  the  follower.  It  was  made  tight  by  calking. 
To  prevent  the  studs  and  springs  from  falling  down,  we 
made  new  studs  like  A,  Fig.  1,  with  tee  instead  of 
square  heads;  the  width  of  these  heads  was  made  a 
close  tit  in  the  slots  in  the  spider,  and  the  heads  were 
made  as  long  as  possible  without  interfering  with  the 
follower  bearing  against  the  spider.  This  pump  now 
gives  satisfaction  and  the  foreman  and  I  are  thinking 
rliat  we  have  saved  our  company  the  price  of  a  new 
pump. 

L.   JOHXSOX. 

Exeter,   X.   H. 

Removing    Plunger    from    Deep    Well 

Headers  may  be  interested  in  a  method  made  use  of 
in  recovering  the  plunger  and  foot  valve  from  a  deep  non- 
flowing  artesian  well. 

During  tlie  process  of  overhauling  and  making  general 
repair?  to  a  deep-well  pump  of  the  vertical  type  used  in 
this  nonflowing  artesian  well,  it  became  necessary  to  re- 


Pipe+o  Plunger 
Fl&.i 
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Pakts  of  Casing  Finder 

move  the  rod.  plunger  and  foot  valve.  After  removing 
the  large  bolts  at  the  base  of  the  pump  and  swinging 
it  from  its  position  over  the  well,  the  pump  rod,  which 
was  of  extra  heavy  iron  pipe,  the  lengths  of  which  were 
connected  by  iron-pipe  couplings,  was  drawn  out  through 
the  4-in.  casing  of  the  well. 

Upon  removing  the  rod  it  was  found  that  it  hail 
parted  at  a  coupling  near  the  plunger  and  that  the 
plunger  was  still  in  the  working  barrel  at  the  bottom 
of  the  well.  Examination  showed  the  coupling  at  the 
end  of  the  rod  to  be  much  worn  on  one  part  from  rul)- 
bing  on  the  well  casing.  The  extra  strain  on  it,  caused 
l\v  the  attempt  to  draw  the  phmger  throttgh  the  unused 
part  of  the  working  barrel  had  probably  caused  the 
coupling  to  split  open  at  one  end.  see  Fig.  1,  and  come 
up  with  the  rod.  leaving  the  plunger  behind. 

Instead  of  fishing  for  the  remaining  part  of  the  rod 
with  grappling  hooks,  as  is  commonly  done  in  cases  of 
this  kind,  the  pump  rod  was  again  lowered  into  the  weli 
after  being  fitted  with   a  new  coupling,  the  threads  of 


wliicli  had  been  made  so  as  to  insure  an  easy  fit  to  the 
threads  of  the  old  pipe.  A  sheet-iron  funnel  and  a 
hard-wood  spear  point  were  used  to  help  guide  the  new 
coupling  to  its  positiou  for  making  up  with  the  old 
pipe,  as  shown  in  Fig.  2. 

The  funnel  at  its  open  end  was  made  only  slightlv 
less  in  diameter  than  the  casing  of  the  well;  so  that  if  the 
lower  end  of  the  pump  rod  were  against  the  casing  of 
the  well  at  any  position,  the  funnel  when  passing  over 
it  would  cause  it  to  be  thrown  toward  the  center,  where 
the  hard-wood  spear  point,  being  somewhat  shorter  than 
tlie  funnel,  would  engage  in  the  pipe  and  because  of  il-» 
tapering  shape  would  throw  the  rod  into  the  right 
position  for  making  up  with  the  coupling  of  the  upper 
portion  of  the  rod. 

The  device  proved  very  successful  and  at  the  first 
attempt  the  threads  of  the  coupling  engaged  those  of  the 
lower  part  of  the  rod  and  after  a  few  turns  with  a 
wrench,  the  rod,  with  the  foot  valve  and  plunger,  was 
drawn  from  the  well  without  further  trouble. 

H.   E.    BROOKitAX. 

Trenton,  X.  J. 

Expansion    Support   for    Blowoff    Line 

In  the  plant  where  I  am  employed  the  boiler  settings 
were  all  rebuilt.  The  boilers,  six  in  number,  are  150-hp. 
horizontal  return  tubular,  each  provided  with  a  3-in. 
blowoff  pipe.  The  blowoff  line  is  exposed,  running  along 
the  floor  and  raised  about  31^  in.,  see  Fig.  1,  to  permit 
the  boilers  to  settle,  while  drying  out.  This  line  could 
not  be  braced  solid  on  account  of  the  boilers  settling 
and  breaking  the  connection,  so  the  following  expansion, 
brace  was  made. 

A  piece  of  %-in.  pipe,  15  in.  long,  was  punch- 
marked   and  %-in.   holes  drilled  through  Sy^   in.   from 


SrppoRT  FOR  Blowoff  Pipes 

each  end,  so  that  a  piece   shaped  as  B  could  be  takea 
out  of  each  end  of  the  pipe  as  at  C  and  D. 

The  pipe  was  then  heated  to  the  proper  temperature 
oihI  flattened  out  at  E  in  the  center  and  the  ends  bent 
at  right  angles  as  shown.  The  pipe  was  next  mounted 
on  a  base  of  iron  V8-^'"^%x-5y^  in-  and  two  springs  of  the 
proper  tension  4  in.  long  and  {^  in.  in  diameter  inserted 
in  the  ends  of  the  upright  pieces  C  and  D.  The  crossbar 
F  is  made  from  Yo-i^.  iron  with  the  ends  flattened  and 
rounded  to  \^  in.;  it  is  provided  with  a  roller  G.  %x2V2 
in.  long.  This  bar  rests  on  a  spring  and  supports  the 
main  blowoff  line. 

C.  E.  Tax  Keurex. 

Famosa,  Calif. 
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Connecting  Waterwheel  and  Engine 

Under  "Inquiries  of  General  Interest"  in  Aug.  1!)  is- 
sue, I  noted  one  in  regard  to'  connecting  waterwlieels  to 
engines.  From  the  experience  of  our  company  with  the 
same  sort  of  equipment,  I  would  suggest  that  it  is  very 
inadvisable  to  connect  waterwheels  and  steam  engines 
together  without  a  go\'ernor  on  the  waterwheels  as  well  as 
on  the  engine  to  prevent  racing  should  the  load  become 
less  than  the  capacity  of  the  waterwheel.  If  the  two 
prime  mo^■ers  are  necessary  at  all  times,  the  governors  on 
the  waterwheels  need  be  only  of  such  type  as  to  prevent 
them  reaching  a  dangerous  speed.  It  seems  preferable,  if 
the  two  prime  movers  are  driving  electric  generators,  to 
connect  them  electrically  if  generating  alternating  cur- 
rent, rather  than  by  a  clutch  of  anj'  form.  Clutches  are 
often  unavoidable,  where  the  combined  power  is  to  be 
delivered  to  a  single  shaft,  but  they  are  often  troublesome 
to  such  an  extent  as  to  drive  one  to  despair. 

J.  E.  Harlow. 

Dixon,  111. 


The  Failure  of  a  Hot-Water  Tank 

From  the  description  of  the  defects  related  by  K. 
Cederblom,  page  139,  of  the  July  22  issue,  as  occurring 
on  the  head  of  a  hot-water  tank  that  came  under  his 
observation,  I  should  say  that  he  may  be  practically 
certain  that  the  initial  cause  of  the  trouble  .was  a 
breathing  action,  similar  in  character  to  that  which  pro- 
duces the  so  called  lap  crack  in  boilers. 

Any  tendency  toward  pitting  or  corrosion  along  def- 
inite lines  is  almost  invariably  produced  by  some  dis- 
turbance of  the  fibres  of  the  metal  along  such  lines,  the 
disturbance  preventing  the  formation  of  scale  which 
would  protect  the  metal  from  the  corrosive  action  of  the 
contents.  When  disturbance  occurs,  and  fresh  unpro- 
tected surfaces  are  constantly  presented  for  corrosive 
action,  the  rate  of  action  is  unbelievably  fast.  Water 
that  under  other  circumstances  has  no  corrosive  effect, 
will  under  such  conditions  cut  a  groove  in  a  remarkably 
short  time. 

In  boiler  practice,  grooving  near  the  turn  of  the  flange 
on  fiat  heads  of  domes,  if  not  braced,  is  very  common. 
When  the  two-flue  boiler  was  in  general  use,  grooving  at 
the  girth  seams  was  a  common  occurrence.  These  boil- 
ers were  long  and  of  small  diameter,  and  their  weight 
was  usually  carried  at  the  front  and  rear  ends.  With 
a  boiler  of  42-in.  diameter  and  36  ft.  long  (which  was 
an  average  size)  there  was  considerable  movement  end- 
wise, due  to  expansion,  and  the  sag  produced  by  the 
weight  of  boiler  arid  contents,  and  the  effect  of  this 
movement  was  concentrated  at  the  girth  seams,  and 
I>roduced  girthwise  grooves  around  the  bottom  half  of  the 
boilers  on  the  inner  surfaces  of  the  sheets,  near  the  edge 
of  the  girth-seam  lap.  The  bumped  heads  of  domes  and 
drums  are  not  immune  to  such  action,  because  the  stand- 


ard bump  does  not  produce  a  head  that  tends  to  retain  its 
shape  with  the  application  of  internal  pressure,  and  in 
many  cases  the  movement  is  suificient  to  produce  rapid 
growing. 

Bracing  a  flat  head  by  means  of  angle  iron,  as  shown 
by  Mr.  Cederblom,  is  not  satisfactory,  unless  the  angles 
are  carried  right  up  to  the  turn  of  the  flange,  or  better 
still,  have  the  ends  of  the  angle  iron  fitted  to  the  sweep 
of  the  flange,  but  even  under  such  circumstances  this 
style  of  bracing  is  not  suitable  for  high-pressure  work. 

J.  E.  Teeman. 

Hartford,  Conn. 

Factory  Fire  Chiefship 

Eeferring  to  the  editorial  on  the  above  subject  on 
page  238  of  the  Aug.  12  issue,  you  undoubtedly  know, 
if  these  factories  would  put  in  automatic  sprinklers,  tlie 
fire  chief  would  be  wholly  supernumerary.  Incidentally, 
there  would  be  no  loss  of  life,  no  panic,  no  fire  loss  to 
speak  of,  under  any  circumstances;  and  the  reduction 
of  insurance  premiums  would  pay  for  the  sprinklers 
within   four  or  five  years. 

When  commenting  on  such  a  disaster  as  that  at  Bing- 
liamton,  do  you  not  think  it  worth  while  to  consider  a 
few  of  the  points  above  mentioned? 

SiDNKY    S.    KOON. 

Boston,  Mass. 

[While  sprinkler  systems  are  highly  commendable  and 
do  lower  insurance  rates,  they  do  not  make  unnecessary 
tlie  presence  of  the  factory  fire  chief.  We  did  not  men- 
tion these  things  in  our  editorial,  for  as  stated  in  an 
editorial  remark  following  a  discussion  letter  comment- 
ing on  our  editorial  on  this  same  subject  in  the  Dec.  21, 
1912,  issue,  our  field  is  not  fire  prevention.  Our  aim 
is  to  stop  the  practice  of  adding  to  the  responsibilities 
of  the  engineer  by  appointing  him  chief  of  the  factory 
fire  department. — Editor.] 

16  Lb.  per  Hp.-Hr.,  Noncondensing 

I  have  read  with  interest  the  report  in  the  July  15 
number,  page  105,  of  the  test  by  F.  W.  Dean,  of  Bos- 
ton, on  an  Erie  City  Iron  Works'  Lentz  simple  non- 
condensing  engine.  The  results  as  claimed  in  the  re- 
port are  such  as  to  cause  some  skepticism  on  the  jiart 
of  the  reader. 

There  are  a  number  of  statements  in  the  report  as 
published,  as  well  as  a  number  of  conditions  which  are 
not  stated,  that  require  further  explanation  before  one 
can  give  full  credence  to  the  published  results.  I  notice 
the  statement:  "Steam  was  so  perfectly  condensed  that 
only  a  trifling  quantity  of  vapor  escaped,  so  small  thnt 
it  would  not  affect  the  result  by  a  measurable  quantity." 
If,  as  here  admitted,  the  condensed  steam  left  the  con- 
denser at  so  high  a  temperature  as  to  steam  in  the 
open  air,  does  this  not  vitiate  the  results? 
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It  is  kuowii  that  the  power  of  the  atmosphere  to  aljsorb 
moisture  is  great;  and  if  the  water  flowed  from  the 
condenser  at  a  steaming  temperature  (which  is  ad- 
mitted) the  steam  consumption  of  the  engine  would  be 
some  greater  than   that   apparently  shown. 

It  is  common,  in  tests  of  boiler  efficiency,  to  raise 
decided  objection  to  the  weighing  in  open  tanks  of  feed 
water  at  steaming  temperature ;  and  there  is  no  reason 
why  the  same  argument  should  not  prevail  in  an  engine 
test. 

1  notice  also  the  statement:  "The  reducing  motion 
was  practically  correct."  If  the  reducing  motion  is  the 
same  as  usually  employed  on  this  engine,  it  may  bo 
practically  correct,  but  not  exactly  correct;  so  is  not 
this  also  an  admission  of  possible  error  in  the  indicator 
diagrams  by  reason  of  a  faulty  reducing  motion? 

The  article  further  states:  "Current  was  absorbed  by 
a  water  rheostat."  I  should  like  to  know  more  regard- 
ing the  kind  of  rheostat  employed,  and  have  further  in- 
formation regarding  the  steadiness  of  the  load  carried. 

It  is  a  difficult  matter  to  carry  an  exactly  steady  load 
with  a  water  rheostat,  as  usually  constructed  ;  and  if,  as 
is  stated,  "the  indicator  diagrams  were  taken  every  ten 
minutes,  with  a  Crosby  inside-spring  indicator,"  it  would 
be  expected  that  the  load  was  varying  considerably  during 
the  ten-minute  intervals;  and  it  would  be  correspond- 
ingly quite  impossible  to  determine  whether  the  average 
of  the  indicator  diagrams  taken  at  so  wide  intervals 
equaled  the  average   load  as  actually  carried. 

If  the  indicator  diagrams  were  taken  at  moments 
when  the  water  rheostat  gave  an  excessive  load,  that 
would  in  part  account,  in  addition  to  the  other  points 
above  raised,  for  the  apparently  low  steam  consumption 
as  claimed. 

Nothing  is  said  about  the  calibration  of  indicator 
springs;  and  here  again  is  another  uncertainty. 

My  further  reason  for  questioning  .the  accuracy  of 
the  results  is  that  figures  hitherto  published,  showing 
the  steam  consumption  of  this  type  and  make  of  engine, 
do  not  show  so  remarkable  results.  I  refer  to  Power, 
June  3,  where  a  12xl8-in.  Erie  City  Lentz  engine  showed, 
with  149.6  lb.  initial  pressure,  and  5  lb.  back  pressure, 
25  lb.  of  steam  per  i.hp.-hr. ;  or  a  claimed  result,  by 
calculation  for  150  lb.  pressure  and  zero  back  pressure, 
of  32.25  lb.   of  dry  steam  per  i.hp.-hr. 

In  Power  of  Dec.  31,  1912,  there  is  a  report  of  a  test 
on  an  Erie  City  Lentz  15x21-in.  engine,  at  145  lb.  pres- 
sure, 2  lb.  back  pressure,  47  deg.  F.  superheat,  in  which 
the  steam  consumption  per  indicated  horsepower-hour 
was  shown  to  be  19.2  lb. 

In  both  of  these  tests,  as  hitherto  published,  the  en- 
gines were  of  a  stroke  which  is  long  with  respect  to  the 
bore,  and  in  consequence  a  low  clearance  volume  would 
be  expected  in  both  engines. 

On  the  other  hand,  the  engine  recently  tested  is  19x21 
in.,  and  it  is  manifest  that  such  a  size  of  cylinder  cannot 
have  as  small  a  percentage  of  cleaf'anee  volume  as  in 
the  case  of  the  other  two  engines  reported  upon.  More- 
over, in  this  last  test,  the  steam  pressure  carried  is 
from  12  to  17  lb.  lower  than  in  the  other  tests. 

The  best  result  hitherto  accomplished,  as  far  as  I 
have  been  able  to  learn,  by  test  of  a  four-valve  poppet- 
valve  noncondensing  engine  is  published  in  Zeit.  d. 
V.D.T..  August,  1905,  page  1310,  where  a  16.3x39.4-in. 


simple  engine,  with  145  lb.  initial  gage  pressure,  atmos- 
]ihcric  exhaust,  254.3  deg.  F.  superheat,  showed  16.10 
lb.  of  steam  per  indicated  horsepower-hour.  Here  is  a 
poppet-valve  engine  with  a  stroke  more  than  double  the 
bore  and,  in  consequence,  with  small  clearance,  and 
with  superheat  of  over  two  and  one-half  times  the  amount 
of  superheat  carried  on  the  Erie  City  Lentz  test;  yet  this 
German  engine  shows  the  same  steam  consumption  a.5 
claimed  for  this  Erie  City  Lentz  engine.  Does  it  not 
appear  probable,  in  the  liglit  of  the  above  mentioned 
points,  that  the  true  results  for  the  engine  in  question 
would  be  nearer  18  lb.  of  steam  per  indicated  horse- 
power-hour ? 

Asa  P.  Hyde. 
Binghamton,  N.  Y. 

Hall  of  Records  Test 

Some  misunderstanding  is  indicated  in  the  editorial 
appearing  in  your  issue  of  Aug.  26,  upon  the  test  now 
being  conducted  at  the  Hall  of  Records.  The  object  of 
this  test  is  to  determine  which  is  the  more  efficient  methori 
of  obtaining  light,  heat  and  power  for  this  building — by 
a  private  plant  or  from  outside  sources.  The  test  is  three 
cornered,  in  that  it  is  being  jointly  conducted  under  the 
auspices  of  the  administration  of  the  Borough  of  Man- 
hattan, the  Bureau  of  Municipal  Research  and  the  New 
York  Edison  Co.  Those  in  charge  are  of  such  unques- 
tioned scientific  standing  and  repute  that  the  results, 
whatever  they  may  be,  will  undoubtedly  be  accepted  as 
final,  so  far  as  issues  exist  within  the  limits  of  the  test. 

In  a  part  of  your  article,  .statement  is  made  that  "judg- 
ing from  past  experiences,  the  representatives  of  the  Edi- 
son Co.  will  undoubtedly  try  very  hard  to  burden  the 
plant  with  all  sorts  of  fictitious  fixed  charges  and  it  be- 
hooves the  other  members  of  the  board  to  take  a  deter- 
mined stand  against  such  attempts."  Would  it  be  prac- 
ticable to  indicate  an  instance  where  this  company  has 
endeavored  to  burden  any  plant  with  fictitious  fixed 
charges  ? 

That  such  a  test  as  this  could  be  arranged  with  the 
officials  of  the  city  is  gratifying  evidence  of  the  desire  of 
those  charged  with  the  administration  of  the  city's  prac- 
tical affairs  to  render  the  highest  grade  of  public  service. 
In  this  matter  the  truth  only  is  sought,  and  whatever  the 
result  it  cannot  be  harmful  to  the  city,  for  if  it  be  in 
favor  of  the  continued  operation  of  the  plant  assurance 
will  then  be  had  that  no  cheaper  method  of  obtaining 
light,  heat  and  power  exists;  if  it  be  in  favor  of  private 
electrical  and  steam  service  from  outside  sources,  again 
the  city  will  be  benefited  in  securing  the  elimination  of 
waste  and  needless  expense,  in  that  corresponding  ser- 
vice can  be  obtained  with  less  expenditure  of  money. 

It  should  not  be  inferred  that  at  this  or  any  other  time 
any  criticism  has  existed  concerning  the  conduct  of  this 
plant.  Probably  no  private  plant  has  ever  been  operated 
with  greater  watchfulness  and  efficiency,  especially  during 
the  past  two  or  three  years  under  the  present  administra- 
tion. It  is  a  test  of  the  be.st  that  can  be  done  with  a 
"private"  plant,  in  comparison  with  the  usual  and  or- 
dinary commercial  service  of  a  corresponding  nature. 
Arthur  Wii.liams. 
General  Inspector, 

New  York  Citv.  N.  Y.  Emsox  Co. 
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Boiler  Efficiency 

Solution  of  Practice  Pik)bli':m 

At  the  plant  iii  question  the  atmospheric  pressure  is 
13  lb.  per  sq.io.  and  according  to  the  steam  table,  the 
total  heat  of  dry  saturated  steam  at  that  pressure  is  1148 
B.t.u.  per  lb.  and  its  temperature  is  205.9  deg.  Another 
reference  to  the  steam  table  shows  that  the  absolute  pres- 
sure of  steam  having  a  temperature  of  377.6  deg.  is  190 
lb.  per  sq.in.,  and  the  heat  of  the  liquid  of  such  steam 
is  350.4  B.t.u.  per  lb.  while  the  latent  heat  is  846.9. 

Then,  substituting  in  the  formula  given  last  week  for 
calculating  the  quality  of  steam  we  have 


Q 


(1148  —  350.4)  +  0.46  (286  —  205.9) 


=  0.9852 


846.9 
797.6  +  (0.46  X  80.1)  _  797.6  +  36.8 
846.9  ~  846.9 

or  98.52  per  cent,  as  the  quality  of  steam 
BoiLKi!  Efficiency 

Usually  the  sole  purpose  of  a  steam  boiler  is  to  gener- 
ate steam.  To  do  this,  heat  is  required  and  this  is  ob- 
tained by  burning  fuel  in  a  furnace  connected  with  the 
boiler.  In  reality,  there  are  two  distinct  steps  in  the 
process  of  steam  generation  and  two  parts  in  the  appara- 
tus employed.  First,  heat  mast  be  generated  and  for  this 
the  furnace  and  grate  when  solid  fuel  is  used  are  re- 
required.  Second,  the  heat  generated  must  be  trans- 
ferred to  water  so  as  to  convert  it  into  steam  and  for 
this  the  boiler  proper  is  provided.  The  degree  of  per- 
fection or  the  efficiency  with  which  each  jiart  does  its 
work  depends  partly  upon  its  design  and  partly  upon  the 
skill  and  care  employed  by  the  operators. 

The  efficiency  of  the  boiler  alone  is  the  ratio  of  the 
heat  absorbed  by  the  water  within  to  the  heat  supplied  to 
the  heating  surface.  To  illustrate,  if  by  calculation 
based  upon  the  pounds  of  water  evaporated  and  the 
pounds  of  fuel  actually  burned,  it  were  found  that  for 
every  1000  B.t.u.  actually  liberated  by  the  combustion  of 
the  fuel,  740  is  transferred  to  or  absorbed  by  the  water 
in  the  boiler  to  make  steam,  while  the  balance  was  lost 
in  various  ways,  the  efficiency  of  the  boiler  would  be  as 
740  is  to  1000.  or 


mo  "< '''' 


74  per  rent. 


On  the  other  hand,  the  efficiency  of  the  boiler 
and  grate,  taken  as  a  whole,  is  the  ratio  of  the  heat  ab- 
sorbed by  the  water  to  the  total  available  heat  supplied 
to  the  furnace,  the  latter  item  being  based  on  the  number 
of  pounds  of  fuel  fired  and  the  heat  value  of  the  fuel 
when  fired. 

The  difference  between  these  two  methods  of  calcu- 
lating efficiency  is  that  in  the  first  case  the  boiler  is  not 
charged  with  the  loss  due  to  unhurned  fuel  dropping 
through  the  grate,  which  is  proper  as  only  the  grate  and 
not  the  boiler  itself  is  responsible  for  loss  in  this  direc- 


tion. Hence,  this  loss  is  taken  inio  consideration  only 
when  the  boiler  and  grate  are  all  considered  as  one  unit. 
It  is  customary  to  state  both  eiiiciencies  wheji  making 
a  report  of  a  test  but  the  one  of  greater  interest  in  every- 
day plant  operation  is  the  efficiency  of  boiler  and  grate. 
In  brief  form  the  two  efficiencies  are: 


Ejfifiencji  (if  hiiiler  = 


heat  ahmrbvd  pry  to.  j  ad  burned 


hrrif  vahir  of  1  Ih.  fuel 

Effiririirij  tif  bailer  itliit  ijrute  = 

heat  at)HOfbed  per  lb.  fuel  fired 
beat  value  of  1  lb.  fuel 

A  boiler  test  may  be  elaborate  or  simple,  depending 
upon  the  object  in  view.  \\'ith  the  elaborate  test  every 
factor  possible  is  taken  into  consideration  and  the  great- 
est possible  accuracy  is  secured.  With  the  simple  test 
less  effort  is  made  and  fewer  factors  are  considered.  The 
simplest  test  takes  into  consideration  only  the  weight  of 
the  water  apparently  evaporated  and  the  weight  of  the 
fuel  supplied  to  the  furnace.  In  between  come  the  happy 
mediums  which  are  elaborate  enough  to  insure  reasonable 
accuracy  and  simple  enough  to  avoid  expensive  compli- 
cations and  justifiably  dispensable  effort.  Such  a  one  will 
be  herein  outlined.  It  may  be  further  simplified  on  the 
judgment  of  the  man  who  is  conducting  the  test.  All 
the  principles  involved  and  all  the  calculations  entering 
into  the  making  and  reporting  of  this  test  have  been 
taken  up  in  detail  in  previous  lectures  and  it  only  re- 
mains for  the  writer  to  show  how  they  all  are  brought 
into  application  when  conducting  a  test. 

Test  Apparatus  Eequired 
The  following  apparatus  is  required  for  properly  mak- 
ing a  test  as  here  outlined  : 

1.  Equipment  for  measuring  or  weighing  water  evap- 
orated. 

2.  Equipment  for  measuring  or  weighing  fuel. 

3.  Two  draft  gages;  one  at  damper,  one  at  furnace. 

4.  Four  thermometers :  one  for  feed  water,  one  for 
steam  calorimeter,  one  for  flue  gases  and  one  for  air. 

5.  One  complete  flue-gas  analyzing  set. 

6.  One  steam  calorimeter. 

7.  One  outfit  for   making  proximate  fuel  analyses. 

Wi-:i(uir\G  Feed  Water 

As  probably  has  been  assumed  from  foregoing  para- 
graphs, one  of  the  main  factors  to  be  determined  is  the 
weight  of  water  evaporated  or  steam  generated  during 
the  test.  This  factor  can  be  ascertained^  in  two  ways. 
First,  the  water  can  be  measured  or  weighed  before  it  is 
fed  to  the  boiler  or.,  second,  the  steam  given  off  by  the 
boiler  can  be  collected,  condensed  and  measured  or 
weighed. 

The  latter  "method  is,  perhaps,  the  more  reliable  be- 
cause only  water  that  has  been  condensed  from  steam  will 
be  weighed  while  with  the  first  method  all  the  water 
pumped  into  the  boiler  may  not  be  evaporated  during  the 
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3st.  If  the  blowofl:  shoiild  be  leaky  some  of  the  water 
light  escape  in  that  direction  without  being  converteil 
iito  steam;  also  the  water  level  in  the  boiler  might  not 
e  the  same  in  the  end  as  in  the  beginning  of  the  test, 
hns  causing  error  in  the  amount  of  work  credited  to  the 
oiler. 

It  is  seldom,  if  ever,  possible  to  condense  and  weigh 
he  steam  from  a  boiler  being  tested  because  usually  it 
•ould  be  very  inconvenient  and  expensive  to  install  a 
pecial  condensing  equipment.  Besides,  this  method 
,'ould  require  taking  the  boiler  out  of  service  which 
ometimes  cannot  be  done.  However,  with  reasonable 
are  the  other  method  gives  practically  as  reliable  re- 
ults. 

Numerous  methods  of  measuring  or  wei^'hing  tlie  feed 
rater  can  be  devised  and  the  one  best  to  employ  for  any 
:iven  test  depends  upon  local  conditions,  size  of  the 
oiler,  etc.  Ortlinarily,  two  tanks  will  suffice,  one  for 
iieasuring  or  weighing  the  water  as  it  is  received  from 
he  heater  and  one,  to  which  the  feed-pump  suction  is 
ttached,  to  act  as  a  receiving  or  storage  tank.  The  tanks 
nd  the  feed  pump  should  be  located  as  close  as  possible 
0  the  boiler  to  be  tested  so  as  to  avoid  radiation  losses. 
?he  most  convenient  arrangement  is  to  have  the  meas- 
iring  or  weighing  tank  placed  upon  a  platform  directly 
ver  the  receiving  tank  so  that  the  discharge,  to  the  lat- 
er will  be  as  direct  and  rapid  as  possible.  Preferably, 
he  upper  tank  should  rest  on  a  set  of  scales  so  that  each 
ankful  may  be  actually  weighed.  If  this  is  not  conven- 
ent  the  tank  may  be  provided  with  a  suitable  overflow 
nd  filled  to  overflowing  .each  time,  the  capacity  having 
irst  been  accurately  determined  by  either  actually  meas- 
iring  or  weighing  the  contents. 

If  possible,  the  thermometer  for  measuring  the  tem- 
lerature  of  the  feed  water  should  be  inserted  in  the  feed 
lipe  close  to  the  boiler  by  means  of  a  mercury  thermom- 
ter  well.  If  this  cannot  be  done,  the  thermometer  should 
le  hung  in  the  suction  tank. 

For  measuring  the  fuel,  if  it  is  oil,  a  meter  is  usually 
niployed,  although  a  tank  arrangement  similar  to  that 
or  the  feed  water  could  be  used,  suitable  precautious 
leing  provided,  of  course,  against  fire.  If  the  fuel  is 
olid,  two  or  more  ordinary  wheelbarowg  of  suitable  ca- 
lacity  will  be  required  together  with  a  set  of  ordinary 
datform  scales.  If  the  scales  are  of  the  portable  variety, 
rooden  runs  for  rolling  the  barrows  up  onto  the  plat- 
orm  and  down  off  of  it  again  will  be  found  convenient. 

The  two  draft  gages,  specified  as  item  3,  while  not  ab- 
olutely  essential,  will  be  found  instructive  and  helpful 
11  analyzing  results.  One  should  be  connected  with  the 
urnace  and  the  other,  with  the  uptake  on  the  boiler  side 
f  the  damper.  Any  type  of  gage  will  suffice,  although 
he  more  accurate  it  is  and  the  closer  it.  can  be  read,  the 
etter. 

The  only  absolutely  necessary  thermometer  specified 
n  item  4,  is  that  for  measuring  the  feed-water  temper- 
ture.  The  others  may  be  dispensed  with  if  small  eeon- 
my  is  any  object.  In  this  case,  the  steam  calorimeter 
'ould  also  have  to  be  dispensed  with  and  the  quality  of 
he  .steam,  and  the  temperature  of  air  and  flue  gases",  ai! 
f  which  factors  influence  the  results,  would  have  to  be 
uessed  at. 

The  cost  of  the  thermometer  for  the  feed  water  should 
ot  be  very  great  as  a  range  up  to  212  deg.  will  do,  be- 
ause  the   feed   water   must   be   handled    at   atmospheric 


pressure  and,  hence,  a  tem])erature  higher  than  ^1"^ 
would  be  im])ossil)le.  Thermometers  for  measuring  the 
ordinary  atmospheric  temperatures  arc  very  cheap.  In- 
deed, tliey  are  often  given  away  as  advertisements  or 
souvenirs,  consequently,  there  is  little  excuse  for  not 
using  one  during  a  test.  It  should  be  hung  in  such  a 
location  that  it  will  indicate  with  fair  reliability  the  av- 
erage temperature  of  the  air  entering  the  boiler  room. 

The  specifications  and  directions  for  using  the  ther- 
mometers for  the  flue  gases  and  the  steam  calorimeter 
were  given  fully  in  previous  lessons  (July  2!l  and  Sojit. 
16,  issues)  and  need  not  be  repeated  here. 

The  function  and  value  of  the  proximate  coal-analysis 
outfit,  flue-gas  analysis  appai'atus  and  the  steam  calori- 
meter have  also  been  fully  discussed  in  previous  lessons 
(May  20,  June  IT  and  Sept.  16  issues).  If  a  test  is 
an  important  one  it  is  advisalile  to  send  a  carefully  col- 
lected sample  (see  les.son  in  May  20  issue)  of  the  fuel 
to  a  commercial  chemical  laboratory  for  proximate  analy 
sis  anci  licat-vahic  test  in  order  to  have  a  check  on  you'- 
own  Work. 

Ob.tect  of  Test 

Boiler  te.<ts  may  be  made  for  almost  any  purpose:    Ti 
test  the  performance  of  a  new  installation;  ascertain  th- 
3ciencv  of  tlie   boiler   uuder  olieralinu-  ronditions:   de- 


CoXSTRtTTIOX  OF  HoitF.-M.vnE 
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termine  tlie  maximum  capacity  that  can  be  developed  ; 
find  the  value  of  a  certain  grade  of  fuel  or  to  compare 
one  grade  with  another;  discover  the  effect  of  change  in 
furnace  design,  type  of  grate  or  stoker,  arrangement  of 
baffles,  etc.    "         "  •         ' 

A\  iu'n  tests  for  conijiarino-  one  set  of  conditions  or  one 
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kind  of  iut'l  with  another  are  made,  especial  care  should 
be  employed  to  keep  the  operating  conditions  as  uniform 
as  possible  so  that  a  perfectly  fair  comparison  may  be 
made.  For  instance,  suppose  a  new  furnace  is  being  tried 
out.  First,  a  test  or  series  of  tests  with  the  old  furnace 
would  probably  be  run  to  discover  the  existing  economy 
and  then  a  test  or  series  with  the  new  equipment  would 
lie  conducted  to  discover  what  improvement,  if  any,  had 
iiccn  secured.  Now.  it  would  obviously  be  unfair  to  over- 
haul the  boiler  between  the  first  and  second  tests  or  series, 
cleaning  it  thoroughly  both  outside  and  in  and  carefully 
pointing  up  all  cracks  in  the  setting,  etc.,  and  then  credit 
to  the  new  furnace  the  improvement  in  efficiency  thus 
brought  about.  In  the  same  way,  it  would  be  unfair  to 
employ  a  higher  grade  of  skill  in  operation  during  one 
set  of  tests  than  during  the  other,  unless,  of  course,  the 
men  of  the  greater  skill  were  to  operate  the  plant  con- 
tinuously in  the  future. 

On  the  other  hand,  if  the  boiler  were  to  be  tested  to 
find  out  just  what  degree  of  efficiency  was  attainable,  it 
would  be  poor  judgment  not  to  take  every  precaution  pos- 
sible in  the  way  of  tuning  up  just  before  the  test. 

Thus,  the  object  or  purpose  of  a  test  should  be  kept 
carefully  in  mind  and  the  method  suitably  adjusted  to 
attain  the  desired  object  as  fairly  and  satisfactorily  as 
possible. 

[Note — The  figure  accompanying  this  lesson  and  il- 
lustrating the  construction  of  a  home-made  steam  ca- 
lorimeter should  have  appeared  with  last  week's  lesson. 
Through  an  oversight  in  making  up  it  was  omitted. — 
Editor.] 


OVER   THE   SPILLWAY 

JUST      JESTS,     JABS,     JOSHES      AND     JUMBLES 


Sure  we  were  there!  And  you?  If  all  the  good  things 
that  were  said  and  done  were  bunched,  the  answer  would  be: 
The  Springfield  N.  A.  .S.  B.  convention  was  the  best  ever! 
And  this  is  no  idle  boast,  either.     Everybody  said  so. 

Vt'e  met  hosts  of  old  friends  and  fraternized  with  lashings 
of  new  ones,  to  each  of  whom  we  would  like  to  say  something 
p;easant.  But  how  can  we  in  just  one  column  of  "Power"? 
The   report   of   the    convention   is   on   page   450. 

The  only  partiality  we  show  is  forced  on  us  by  the  great 
work  done  by  Walter  Damon,  the  man  who  put  the  spring  in 
Springfield.  Indefatigable  in  his  labors  as  chairman  of  the 
local  committee  to  make  the  convention  surpass  all  others, 
he  worked  day  and  night  smoothing  out  the  rough  places 
and  setting  the  machinery  in  motion.  And  he  got  away  with  it, 
always  with  a  cheery  word  and  an  eye  for  the  comfort  of  all. 

Just  one  more  word:  We  are  tickled  to  the  quick  over  the 
warm  reception  given  our  convention  daily,  the  "i^nwer  Pup." 
and   we    thank    you,   one   and   all 

The  blacksnake  whip  has  been  abolished  in  an  Indiana 
coal  inine  as  a  persuader  of  tlie  mine  mule.  Looks  like  the 
only  method  left  was  to  cuss  'em  out.  The  mule  that  will 
locomote  without  either  of  these  old-fashioned  but  hereto- 
fore effective  persuasions  must  verily  be  of  a  new  breed. 

A  centenarian  gives  advice  to  those  of  us  "who  would  hope 
to  live  100  years.  Among  his  rules  are:  "Don't  worry.  Keep 
out  of  jail.."  With  some  people,  getting  into  jail  has  brought 
most  of  their  worries  to  an  end,  but  we  can't  all  live  in  a 
big  village  like  New  York. 


Transporting  Coal  through  Pipe  Lines 

The  method  of  ,tran.sporting  coal  by  water  pressure 
through  a  pipe  has  been  suggested  by  E.  G.  Bell,  engi- 
neer for  the  Hammersmith  Electricity  Works  of  Lon- 
don. By  this  method  from  30  to  60  tons  of  coal  per 
hour  can,  it  is  claimed,  be  forced  through  an  8-in.  pipe 
leading  from  the  Thames  and  under  Chancellors'  Road 
to  the  yard  of  the  power  plant  on  Fulham  Palace  Road, 
a  distance  of  600  yards. 

If  the  scheme  is  adopted,  a  large  mi.xing  tank  will  be 
erected  beside  the  wharf.  The  coal  will  be  lifted  from 
the  barge  by  a  mechanical  grab,  and  after  passing  through 
ail  automatic  weighing  machine,  it  will  be  filtered  into 
the  mixing  tank,  which  will  contain  approximately  15 
per  cent,  of  coal  and  85  per  cent,  of  water.  A  powerful 
electrically  driven  pump  will  then  force  the  mixture  of 
coal  and  water  at  high  velocity  through  the  transmission 
tube  to  a  reception  tank  at  the  works. 

The  coal  will  sink  to  the  bottom  of  this  tank  and 
another  pump  will  drive  the  water  through  a  return  pipe 
to  the  mixing  tank.  Another  grab  will  lift  the  coal  out 
of  the  reception  tank  into  the  storage  yard. 

Although  the  initial  cost  of  such  a  plant  might  be 
lii.gh,  it  is  believed  that  it  would  eventually  be  a  paying 
investment,  since  the  present  cost  of  transsportatioii  is 
approximately  14c.  per  ton,  or  somewhat  over  $3500  for 
the  25,000  tons  which  are  used  annually. — Coal  Age. 


The    Indiana    Coal    Production    in    1912,    according  to    E.    W. 

Parker    of    the    United     .States    Geological     Survey,  was     15.- 

285.718   short  tons.      The    increase    over   1911   was   7.7  per   cent, 
in  quantity  and   14   per   cent,    in   value. 


Don't  get  peeved  when  you  read  the  article  on  the  Lemp 
Brewing  Co.'s  plant  in  this  issue.  Nothing  is  said  of  its 
product.  It's  a  good  description  of  an  efficient,  well  kept 
plant.  Any  good  brewers'  journal  will  give  you  the  other 
details. 

We  agree  with  a  former  President  that  a  pension  list  is 
a  roll  of  honor.  The  Pennsylvania  System  has  3972  pensioners 
on  its  list.  The  road  is  proud  of  them,  and  the  men  are 
equally  proud  of  their  long-service  records  and  the  recogni- 
tion thus  given.  How  many  years  have  you  been  with  your 
company?  How  long  will  it  be  before  you  ar«  entitled  to  a 
pension?     There  is  a  good,  big  thought  in  these  two  inquiries. 

"How  did  I  get  to  the  top  of  the  heap?"  said  a  big  execu- 
tive. 

"Why,   I   answered   the   questions   before   they   were   asked." 
You   get  that,  don't  you? 

"If  you  want  to  continue  wearing  your  straw  hat,"  says 
a  contemporary,  "and  anyone  tries  to  haul  it  down,  spot  him 
on   the  snoot!" 

This  is  not  a  specimen  of  that  editorial  dignity  with  which 
we  operate  our  editorial  columns,  but,  taken  unawares,  we 
might  say  just   this  thing   ourselves. 

Thomas  A.  Edison's  recent  indisposi*ion  is  ascribed  to  hih 
taking  a  vacation,  thus  breaking  up  his  long  years  of  intenst 
application  and  burning  the  midnight  oil.  Now  you  know 
why  you  are  so  healthy  in  your  sevm-day-a-week  job. 

.Secretary  of  State  Bryan  in  greeting  the  members  of  thi 
International  Congress  of  Refrigeration  informed  them  thai 
the  principle  of  cold  storage  might  well  be  applied  to  diplo- 
matic  relations. 

"Diplomacy  is  the  art  of  keeping  cool,"  said  Secretarj 
Bryan.  "While  we  do  not  desire  to  keep  our  foreign  rela- 
tions in  cold  storage,  we  want  to  refrigerate  our  disputes 
with  other  nations."  He  also  said  that  such  treaties  as  tht 
peace  agreements  he  proposed  to  the  nations  of  the  woric 
on"  behalf  of  President  Wilson  will  serve  to  keep  the  tempei 
of  nations  cool,  just  as  r(  trigeration  keeps  foodstuffs  cool. 
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Throttling  Calorimeters 


YNOPSIS — The.  principle  of  llir  IlinjUliiu/  niloruiicln- 
explained  and  illustrated.    An  example  is  given  where- 
'/  I  lie  percentage  of  moisture  in  steam  as  determined  by 
le  ralorimeler  is   worked  out. 

Percentage  of  moisture  in  steam  below  3  per  cent,  can 
3  determined  by  the  throttling  calorimeter,  an  apparalus 
1  which  steam  is  allowed  to  expand  from  pressures  above 
tniosphere  through  a  small  opening  and,  by  reading  the 
ressures  and  temperature  of  the  steam  before  and  after 
ipansion,  the  percentage  of  moisture  can  be  determined. 

The  principle  of  the  throttling  calorimeter  is  best  ex- 
laincd  by  reference  to  Fig.  1.  Steam  under  pressure 
ows  through  the  pipe  at  .-1  and  passes  through  the  orifice 

where  it  expands  to  atmusphoric  pressure,  or  neai'ly 
),  in  the  open  pipe  C. 

Assuming  that  the  contents  at  A  is  dry-saturated  steam 
mtaining  a  certain  number  of  heat  units  per  pound, 
len  dry-saturated  steam  at  C  would  not  contain  the  same 
limber  of  heat  units  as  when  nnder  pressure  at  A,  and  it 


Aimo<pheric  Pressure  p]  I  i  [p  High  Preisu 

Fic;.  1.  DiAGHAiniATic  A'liiw  of  Calouimeters 

Hows  that  some  of  the  heat  in  the  steam  at  A  will  go 
ward  superheating  the  steam  at  C  at  the  lower  pres- 
ire.  If  any  moisture  is  present  when  the  steam  is  at  A, 
mie  of  the  heat  in  the  steam  will  go  toward  evaporat- 
g  this  moisture  when  the  steam  expands  at  the  orifice. 

follows  that  the  temperature  of  the  steam  will  then 
A  be  as  high  as  when  there  was  no  moisture. 

For  example,  suppose  steam  at  A  is  at  90  lb.  absolute 
■essure,  dry  saturated,  then  by  referring  to  a  steam  table 

can  be  found  that  the  total  heat   (above  33  deg.  F.) 

1  lb.  of  steam  will  be  1184.4  B.t.u.  At  atmospheric 
■essure  1  lb.  of  steam  when  dry  saturated  contains  a 
tal  heat  (above  33  deg.  F.)  of  1 150.4  B.t.u.     From  this 

is  seen  that 

1184.4  —  1150.4  =  34  B.t.u. 
e  available  and  that  this  must  go  toward  superheating 
e  steam  at  atmospheric  pressure.     Then  34  B.t.u.  will 
ve 

34  H-  0.48  =  71  deg.  of  superheat 
e   specific   heat   of   superheated   steam   at   atmospheric 
essure  being  say  0.48.    As  the  temperature  of  dry-satu- 
ted  steam  at  atmospheric  pressure  is  313  deg.  F.,  there 
)uld  be  a  thermometer  reading  at  zero  of 
213  +  Tl  =  383  deg.  F. 
Now  if  the  steam  at  .4,  while  still  at  90  lb.  absolute 
essure,  had  contained  a  percentage  of  moisture,  some  of 
e  available  34  B.t.u.  would  have  gone  to  evaporate  this 


iiKiistuiv  and  only  a  |jmi'1  would  have  superheated  the 
steam,  so  that  the  thermometer  reading  would  have  been 
less  than  283  deg.  F.  This  thermometer  reading  serves 
to  determine  the  percentage  of  moisture  present  in  the 
steam  at  .4.  From  this  it  can  be  seen  that  if  eiiougli 
moisture  is  present  at  A  to  take  up  all  the  34  B.t.u. 
to  evaporate  it  so  that  there  will  be  no  superheating — 
that  the  tliermometer  will  not  register  over  313  deg.  F. — 
the  limit  of  the  usefulness  of  the  throttling  calorimeter 
is  arrived  at  and,  for  this  reason,  it  cannot  be  used  for 
moisture  of  over  3  per  cent. 

The  formula  for  the  percentage  of  n'loisture  in  steam 
as  determined  liv  the  throttliii"'  calorimeter  is 


W  =  i()(j  X 


// 


K  {T—t) 


L 


where 

W  =  Percentage  of  moisture  in  the  steam  at  A; 
H  =  Total  heat  in  the  .steam  at  the  high  pressure : 
h  =  Total  heat  due  to  pressure  at  C,  which  is  1150.3 

B.t.u.  at  atmospheric  pressure ; 
K  =  Specific  heat  of  superheated  .steam  =  0.48 ; 
T  =  Temperature   of   the   throttled    or   superheated 
steam  at  G ; 
t  --=  Temperature  due  to  i)ressure  at  C ,  which  is  312 
deg.   F.  at  atmospheric  pressure. 
//,  L,  n  and  t  can  be  found  in  the  steam  table  when 
the  pressures  are  known. 

To  illustrate,  assume  that  the  pressure  at  A  is  75  lb., 
Ihat  at  C  is  at  atmospheric  pressure,  or  14.7  lb.,  and  that 
the  thermometer  reads  333  deg.  F.     Then  by  turning  to 
tlie  steam  table 
//  =  1181.1; 
L  =  893.9 ; 
h  =  1150.3; 
/  =  213  deg.  F. 
It  is  assumed  that 
T  =  232  deg. ; 
A'  =  0.48. 
Then   substituting 
(1181 


=  111))  X 


in  the   rornuila 

1  —  1150.3) 0.48  (232  —  212) 

893.9 


100  X 


30.2  —  0.48  X  20 


100  X 


30.2 


9.6 


100  X 


893.9 
=  100  X  0.022  =  2.0 


893.9 

or  3.30  per  cent,  of  moisture  in  the  steam  at  A. 

How  TO  Make  a  CALonniETER 

An  engineer  without  a  calorimeter  and  not  caring  to 
buy  one,  can  make  it.  Figs.  3  and  3  show  two  forms  ot 
calorimeters.  Use  i/^-in.  pipe  throughout  and  cut  it  to 
any  reasonable  and  convenient  length.  The  nipples  in- 
serted into  the  steam  pipe  or  union  are  open  only  at 
their  upper  ends  and  should  reach  to  the  center  of  the 
steam  pipe,  but  if  preferred,  the  sides  can  be  perforated 
with  a  few  holes  not  over  %  in.  in  diameter.  The  ni])ple 
is  es.sential  because  if  it  were  only  screwed  and  did  not 
protrude  into  the  central  part  of  the  pipe,  the  condensa- 
tion would  pass  into  the  calorimeter  and  give  erroneous 
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results.  The  gages  are  not  essential,  as  the  pressure  in 
thi'  pipe  is  probably  known  from  gages  elsewhere  in  the 
Ijiiu,  but  it  is  advisable  to  have  one  on  or  near  the 
calorimeter  for  convenience  and  accuracy.  The  thermom- 
eter is  necessary,  but  it  must  be  accurate,  with  a  range 
from  200  to  350  deg.  F.  The  plate  held  in  the  flange 
union  should  be  about  l/g  to  i/4  i"-  thick,  and  have  a  hole 
in  the  center  tF  to  Vg  in.  in  diameter.  The  entire  length 
of  the  apparatus  should  be  covered  to  jjrevent  coiidcnsa- 


FiGis.  3  AND  3.  Vertically  and  Horizontally 

Connected  Calorimeters 

tion  as  far  as  possible.  Only  the  valve  wheel  should  lie 
free  and  a  hole  left  in  the  covering  for  the  thermometer. 
The  oil  well  at  0  should  have  a  cup  whose  outside  diam- 
eter is  not  large  enough  to  allow  steam  to  pass  around  it 
freely  in  escaping  to  the  atmosi3here. 

AVhen  taking  readings  the  valve  should  be  opened  full 
and  steam  allowed  to  flow  for  a  few  moments  to  heat  the 
apparatus.  When  the  thermometer  shows  a  constant  tem- 
perature the  reading  should  be  taken.  This  reading  repre- 
sents T  in  the  formula.  The  pressure  on  the  high  side 
should  also  be  observed  from  which  the  values  H  and  L 
are  found  in  the  steam  tables.  As  the  low  pressure  is 
assumed  to  be  atmospheric,  h  =  1150.4  and  t  =  212 
deg.  F. 

iNSTRUilENT    ErROR 

In  the  preceding  example  it  was  assumed  that  the 
temperature  of  the  steam  on  the  low-pressure  side  would 
be  212  deg.  F.  if  the  steam  were  dry  saturated,  and  if  the 
steam  on  the  high-pressure  side  were  dry  saturated  at 
90  lb.  pressure  the  temperature  of  the  superheated  steam 
in  the  low-pressure  side,  as  registered  by  the  thermom- 
eter, would  be  283  deg.  F.  This  is  known  as  the  "normal 
reading."  But  the  thermometer  will  not  register  283 
deg.  even  if  the  above  conditions  prevailed  as  the  read- 
ing will  be  slightly  lower. 

One  reason  is  that  a  certain  amount  of  heat  will  radi- 
ate through  the  calorimeter  walls  even  if  it  is  covered, 
and  another  is  that  the  stem  of  the  thermometer  is  ex- 
posed to  the  temperature  of  the  surrounding  air.  Both 
of  these  sources  of  error  will  tend  to  give  a  temperature 
reading  lower  than  it  should  be.  This  reading  is  repre- 
sented by  T  in  the  formula.  The  difference  between  the 
reading  as  it  should  be  and  that  which  is  actually  the 
case  is  known  as  the  error  of  the  instrument. 

It  is  well,  therefore,  to  determine  what  the  error  of  the 
instrument  is  and  to  make  a  chart  of  corrections  on  sec- 
tion paper,  as  shown  in  Fig.  4.     Let  it  be  assumed  that 


the  steam  plant  is  not  in  operation  and  that  the  steam 
present  in  the  boilers  and  piping  is  dry  or  "dead"  steam. 
If  the  steam  is  dry,  it  can  be  calculated  what  the  normal 
gage  readings  should  be,  by  subtracting  the  temperature 
at  A  from  that  at  C,  which  will  be  zero,  or  atmospheric 
pressure,  and  divide  the  remainder  by  the  specific  heat 
of  superheated  steam  at  atmospheric  pressure,  or  0.48, 
and  add  the  result  to  212,  the  temperature  of  steam  at 
atmospheric  pressure.  For  the  following  pressure  the 
normal  readings  are: 

Pounds,  gage  Degrees  F. 
20  246.4 

40  264  3 

60  270.1 

80  28.').  1 

100  292.2 

Xow  take  a  jiiece  of  sectional  paper  and  under  the 
lower  line  lay  olf  values  for  steam  temperatures.  Then 
plot  the  foregoing  values  and  draw  the  "curve  of  normal 
readings"  through  these  points  as  shown. 

At  some  convenient  time  when  the  steam  is  "dead" 
and  supposedly  dry  saturated,  regulate  the  pressure  in 
the  pipe  to  the  values  referred  to ;  that  is,  20,  40,  60,  80, 
U)0  lb.  Then  turn  steam  into  the  calorimeter  and  note 
the  temperature  registered  by  the  thermometer  after  the 
steam  has  flowed  for  about  four  minutes  and  is  constant. 
It  will  be  seen  for  each  pressure  that  the  values  will  be 
lower  than  the  calculated  ones.  For  example,  assume 
that  these  values  would  be 


With  these  values  plot  the  second  curve  or  "curve  of 
actual  readings."  This  will  give  a  chart  showing  the 
error  of  the  instrument  for  all  temperatures  likely  to 
occur.  Suppose  that  the  calorimeter  is  in  actual  use  and 
that  the  percentage  of  moisture  in  steam  is  being  deter- 
mined, the  thermometer  shows  240  deg.  F.  This  is  the 
actual  reading  and  lower  than  the  normal  reading  in  the 
formula. 

Referring  to  the  chart,  a  jaoint  is  found  on  the  lower 
curve  corresponding  to  this  value,  and  directly  above  it 
on  the  normal  reading  line  is  the  value  261  deg.     Then 
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I"iG.  4.  Curves  of  Normal  and  Actual  Readings 

when  working  out  the  formula  used  for  T ,  not  the  actual 
reading  240  deg.  F.,  but  the  other,  261  deg.  F.  This  will 
give  the  corrected  temperature  reading  and  take  care  of 
all  radiation  and  other  losses  of  heat  in  the  calorimeter 
which  will  be  close  enough  for  general  purposes.  It 
should  be  remembered  that  the  figures  assumed  for  the 
curve  of  actual  readings  are  given  only  as  an  example. 
Each  calorimeter  will  give  different  values  and  these  must 
be  determined  for  each  instrument.  The  values  worked 
out  for  the  curve  of  normal  readings  should  be  used. 
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The  N.  A.  S.  E,  Convention 


Ideal  convention  weather,  an  ideal  convention  citj'  and 
large  and  enthusiastic  attendance,  including  412  ac- 
sdited  delegates,  combined  to  make  the  thirty-first  an- 
lal  gathering  of  the  Xational  Association  of  Stationary 
igineers  at  Springfield,  Mass.,  one  of  the  most  suecess- 
1  in  the  history  of  the  organization.  In  a  city  like 
)ringfield  the  convention  is  not  absorbed  as  it  is  in  a 
jtropolis.  The  people  know  that  it  is  there  and  enter 
to  the  spirit  of  it  and  the  mayor  does  not  send  an  un- 
rstudy  hut  comes  himself  to  welcome  the  visitors  and 
ies  a  human  interest  in  their  presence.  At  Springfield 
ere  were  present  not  only  the  mayor  of  the  city  itself 
t  those  of  the  neighboring  cities  of  Lawrence  and 
jrthampton. 

Tlie  visitors  Avere  gracefully  welcomed  by  Mayor  Deni- 
j,  and  speeches  were  made  by  representatiA  es  of  the 


Its  disbursements  during  the  year,  outside  of  benefits 
paid,  have  been  less  than  one  dollar  per  member  and  it 
has  over  $5000  in  reserve.  J.  D.  Taylor  was  reelected 
secretary-treasurer  and  J.  G.  Beckerleg  and  T.  X.  Kelsev 
as  trustees. 

In  response  to  340  letters  sent  out  by  a  committee  ap- 
])ointed  by  resolution  of  the  last  convention  "to  considci- 
tlie  matter  of  biennial  conventions  of  this  national  body 
and  report  at  the  ne.xt  annual  meeting,"  only  162  rep]ie> 
were  received,  of  which  116  voted  against  biennial  and 
45  in  favor  of  the  two-year  plan  with  one  tie  vote.  The 
committee  simply  reported  these  facts  without  recom- 
mendation. 

A  committee  appointed  to  consider  the  advisability  of 
publishing  a  history  of  the  association,  reported  that  "in 
the  office  of  the  national  secretary  there  is  a  continuous 


Delegates  axd  (tuests  at  the  Xatioxal  Associatiox  of  Station. 


ard  of  Trade,  the  Publicity  Club  and  the  mayor  of 
wrence,  which  were  fittingly  responded  to  by  President 
Grath,  Vice-President  Coe  and  Past  President  Kear- 
r.  The  local  speakers  showed  in  their  remarks  an  un- 
lal  degree  of  familiarity  with  the  objects  and  methods 
the  association  and  of  acknowledgment  of  its  high 
ision  and  practical  importance  as  an  industrial  factor, 
rhe  president's  annual  report  commended  the  work  of 

educational  committee,  condemned  carping  criticism 
the  methods  of  the  association  and  recommended  the 
tinuanee  of  the  present  program  until  something 
initely  better  is  developed. 

n  order  to  secure  better  efficiency  and  more  conform- 
in  the  work  of  the  state  associations  he  recommended 
t  the  programs  of  their  annual  conventions  be  .sub- 
ted  to  the  national  president  in  advance  for  approval, 
ch  recommendation  was  adopted.     A  suggestion  that 

reports  of  the  subordinate  associations  be  sent  di- 
:ly  to  the  national  secretary  instead  of  to  the  deputies 

defeated, 
'he  secretarv-'s  report  showed  the  membership  to  be 
lething  over  21,000,  and  the  treasurer's  report  showed 
alance  in  favor  of  the  association  of  over  $27,000,  of 
ch  upward  of  $18,000  was  required  to  pay  the  mile- 
of  the  delegates. 

'he  Life  and  Accident  Association  shows  a  member- 
I  of  3587,  an  increase  of  346  over  that  of  la.«t  vear. 


record  of  convention  proceedings  from  which  might  be 
compiled  a  digest  of  the  legislative  work  of  the  X.  A. 
S.  E.,  which  would  be  of  value  as  a  work  of  reference." 
They  did  not  favor  the  writing  of  a  history  for  the  rea- 
sons "that  the  association  has  not  been  in  existence  long 
enough  to  warrant  a  written  history;  that  there  is  no 
real  demand  for  such  a  history;  that  it  would  require  a 
considerable  sum  of  money  to  publish  a  history,  the  sale 
of  which  is  a  matter  of  mere  guesswork." 

The  president  decided  that  the  Xew  England  States 
AssQciatiou  had  no  legal  standing,  and  was  supported  by 
the  convention.  A  resolution  authorizing  the  organiza- 
tion of  district  associations  was  defeated. 

The  License  Committee  reported  in  detail  the  efforts 
which  had  been  made  to  secure  legislation  providing  for 
the  e.xamination  and  licensing  of  engineers  during  the 
past  year.  The  net  result  was  the  passing  of  the  Xew 
Jersey  law.  of  which  we  have  already  treated  at  length, 
without  any  appropriation  to  make  it  effective  ;  an  amend- 
ment to  the  Pennsylvania  law,  making  it  mandatory  up- 
on all  cities  of  the  tliird  cla.«s  to  pass  ordinances  requir- 
ing the  licensing  of  steam  engineers,  and  to  create  de- 
partments of  boiler  inspection :  a  state  law  in  California 
similar  to  that  of  Xew  Jersey,  and  ordinances  in  Geneva, 
X.  Y.,  and  Decatur,  III.  The  convention  adopted  a  recom- 
mendation of  the  Ways  and  Means  Committee  that  an 
amount  not  to  exceed  $2000  be  set  aside  to  assist  cities 


Septombor  23,  1913 


POWEE 


451 


ami  .states  in  securing  license  legislation  during  the  com- 
ing year.  The  compilation  and  publication  in  book  form 
of  all  existing  engineers'  license  and  boiler-inspection 
laws  and  ordinances  was  authorized. 

The  trustees  of  the  National  Engineer,  the  organ  of 
the  association,  reported  the  paper  in  flourishing  condi- 
tion, having  netted  the  a.ssociation  over  $17,000  the  past 
year.  They  protested  against  the  publication  of  the  di- 
rectory of  officers  and  associations,  because  it  afforded  to 
those  who  might  otherwise  patronize  the  paper  a  means 
of  reaching  the  membership  without  doing  so.  They  de- 
clared that  "the  practice  of  soliciting  so  called  donations 
from  our  patrons,  which  is  in  reality  a'  form  of  advertis- 
ing by  the  exhibition  of  business  cards  in  the  association 
rooms,  picnic  tickets,  etc.,  is  bringing  to  us  adverse 
criticism  from  many  quarters"  and  strongly  urged  the 
discontinuance  of  this  practice.  They  recommended  that 
a  sum  not  to  exceed  85  per  cent,  of  the  net  income  of  the 
paper  be  rebated  pro  rata  as  per  capita  tax  paid,  and  pev- 


•Second,  .$50 — William  T.  Frizzell,  Massachusetts, 
Xo.  16. 

Third,  $30—11.  K.  Pressinger,  AVisconsin,  No.  18. 
Honorable  mention — A.  Wade,  Illinois,  No.  28. 

ElE.MENTAKY  ( 'OXTEST 

First,  $50 — Charles  E.  McLean,  Lowell,  Xo.  17. 

Second,  $30 — John  0.  Burman,  Lowell,  No.  17. 

Third,  $20— X^orman  S.  Campbell,  'Michigan,  No.    1. 

Li  the  second  or  March  to  June  contest  there  were  L^ 
papers  submitted,  7  in  the  elementary  and  11  in  the  ad- 
vanced.    The  winners  were : 

Advanced  Course 

Fir:.t,  $75 — R.  B.  Ambrose,  I'ennsylvania,  No.  3. 
Second,  $50 — H.  E.  Pressinger,  Wisconsin,  No.  18. 
Third,  $30— Martin  O'Connor.  AVisconsin,  No.  1. 

Eleiiicntauv  Co  r  Its  I ; 
First,  $50— C.  B.  Hudson.  Massachusetts,  Xo.   17. 
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Ei!s'  Convention  at  Sphingfield,  Mass.,  Sept.  8  to  13,  1913 


haps  the  most  important  act  of  the  convention  was  to 
adopt  this  recommendation. 

During  the  year  182  members  of  the  association  have 
passed  away  and  the  delegates  stood  in  impressive  silence 
■while  their  names  were  read  by  the  secretary. 

A  feature  of  the  convention  was  an  address  by  Edward 
F.  Miller,  professor  of  mechanical  engineering  at  the 
Massachusetts  Institute  of  Teclmology  and  leading  mem- 
ber of  the  Advisory  Educational  Board  of  the  N.  A.  S.  B.' 
He  traced  the  development  of  the  civil  from  the  military 
engineer,  the  growth  of  power  as  a  factor  in  industry  and 
civilization  and  of  the  men  concerned  with  its  production. 

J.  D.  Taylor  told  of  the  efforts  which  were  being  made 
in  Xew  York  to  secure  uniformity  in  rates  for  electric 
service  and  prevent  the  sale  of  current  at  less  than  cost 
to  put  isolated  plants  out  of  business.  George  PL  Diman, 
of  Lawrence,  Mass.,  was  accorded  the  floor  as  an  honorary 
member  and  advised  the  delegates  to  work  for  a  flat  rate 
and  the  prevention  of  discrimmation,  which  wa.s  of  more 
moment  to  them  than  license  laws,  with  which  he  has  lit- 
tle sympathy. 

The  Educational  Committee  reported  that  33  members 
had  competed  in  the  first  or  December  to  February  Prize 
Question  Contest,  20  in  the  advanced  and  13  in  the  ele- 
mentary.    The  prizes  were  awarded  as  follows : 

Advanced  Contest 
First,  $75— Frederick  L.  Pay,  Kentucky,  No.  3. 


Second,  $30 — John  Guilfoy,  Massachusetts,  No.  16. 

Third,  $20 — divided  equally  between  J.  0.  Buriuan 
and  C.  E.  McLean,  of  Massachusetts,  X"o.  17. 

A  second  activity  of  the  committee  was  to  offer  four 
prizes  for  meritorious  work  in  association  meetings.  The 
conditions  were  that  the  meeting  should  be  of  educational 
nature,  that  the  members  should  take  part  in  the  discus- 
sion and  that  a  report  of  the  number  present  should  be 
sent  to  the  Educational  Committee  by  May  1.  "This  com- 
petition," says  the  committee,  "was  advertised  twice,  but 
apparently  it  was  not  received  very  enthusiastically  by 
the  associations.  At  any  rate  there  were  only  three  en- 
tries— two  of  these  from  the  same  association.  The  prizes 
announced  were  to  be  of  equal  value  with  no  mention  of 
first,  second,  etc.,  and  the  original  announcement  was  to 
the  effect  that  the  prizes  would  probably  consist  of  steam- 
engine  indicator  outfits.  The  best  entry ^was  that  of  Il- 
linois No.  1  for  a  meeting  held  on  Jan.  15,  1913,  when 
A.  R.  Maujer,  of  Illinois  No.  1,  gave  a  lecture  on  'Proxi- 
mate Coal  Analysis  and  Its  Value  in  Power-Plant  Econ- 
omy.' Judging  from  the  report  received  from  the  officers 
this  meeting  was  a  most  sueces.sful  one — 139  members 
and  friends  were  present,  and  21  took  part  in  the  discus- 
sion which  followed. 

"The  second  meetings  in  order  of  merit  were  those  of 
Kentucky  No.  1.  This  association  reported  two  meetings, 
one  on  Nov.  27,  19f2,  and  another  on  Mar.  12,  1913.  At 
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le  iiHo'iiug  of  Xov.  27,  D.  L.  Fagnan,  of  the  Dc  La 
^ergne  Co.,  lectured  ou  'Oil  Eugiues,'  before  an  audience 
f  58  men.  The  discussion  was  mainly  in  the  form  of 
uestions  and  was  not  in  the  same  class  as  that  of  Illinois 
lo.  1 ;  nevertheless,  we  recommend  the  awarding  of  a 
rize  to  this  association  and  it  will  be  left  to  the  national 
resident  to  make  both  awards." 

The  committee  reported  that  the  Information  Depart- 
lent,  which  acts  in  a  consulting  capacitj'  for  solving 
laut  problems  presented  bj'  the  members,  had  found 
luch  favor.  About  75  problems  were  presented  to  the 
apartment  throughout  the  year. 

Another  successful  innovation  was  the  distribution  of 
intern  slides  to  be  used  by  local  members  in  lectures, 
ets  of  slides  dealing  with  turbine,  boiler  and  gas  engine 
ave  been  distributed  and  one  ou  refrigeration  is  in 
reparation.  When  this  is  finished  the  association  will 
ave  2550  lecture  slides.  The  committee  recommended 
le  continuation  and  extension  of  the  lautern-slide  col- 
ction  and  system  of  lectures  and  of  the  Information  De- 
artmeut,  the  continuation  of  the  oiferiug  of  prizes  for 
isvvers  to  questions  for  another  year ;  a  subdivision  of 
utern-slide  sets;  the  continued  award  of  prizes  for  well 
:tended  educational  meetings,  the  discussion  to  be  a 
ictor  in  making  the  award ;  the  urging  of  state  associa- 
ons  to  take  up  the  work  offered  by  the  Xational  Edii- 
itioual  Committee.  A  sum  not  to  exceed  $3000  was 
)propriated  for  these  purposes. 

Mesdames  Heckler  and  Mullen,  president  and  past 
resident  of  the  Ladies  Auxiliary,  visited  the  convention, 
escribed  the  work  which  they  were  doing  and  made  a 
lea  for  continued  support,  especially  of  the  pension  de- 
artment,  which  had  collected  more  than  $2100  and  dis- 
arsed  more  than  $1500  to  the  pensioners  during  the 
ast  year. 

The  newly  elected  officers  of  the  auxiliary  are:  Mrs. 
ophie  Whalen,  of  Chicago,  president ;  Mrs.  Hunt,  of 
oston,  vice-president;  Mrs.  Frank  Flynn,  of  Chicago, 
■cretarv;  Mrs.  Herbert  E.  Stone,  of  Framingham,  treas- 
rer;  Mrs.  Huntington,  conductor. 

Of  eight  cities  which  wanted  the  convention  next  ye^r, 
[ilwaukee  was  selected.  This  will  be  the  third  time,  the 
St  being  in  1900. 

The  officers  elected  for  the  ensuing  year  are  James  E. 
oe,  of  Xew  York,  president ;  Frederick  L.  Eay.  of  Louis- 
ille,  Ky.,  vice-president;  Fred  W.  Raven,  of  Chicago, 
■cretary;  Samuel  B.  Forse,  of  Pittsburgh,  treasurer: 
oseph  F.  Carney,  of  Xew  York,  trustee  of  National  En- 
\neer;  John  J.  Eeddy,  of  Jersey  City,  conductor;  John 
.  Proper,  of  Los  Angeles,  doorkeeper. 

The  social  features  comprised  a  reception  by  the  na- 
onal  officers  on  Monday  evening,  a  visit  to  the  works  of 
le  Chapman  Yalve  Co.,  a  gigantic  clam  bake,  at  which 
ler  1900  people  were  served,  a  smoker,  a  vaudeville  per- 
)rmance,  afternoon  concerts  and  teas  and  a  grand  ball 
dlowing  upon  a  public  installation  of  the  officers. 

The  exhibition  conducted  by  the  Xational  Exhibitors' 
ssociation  in  connection  with  the  convention  occupied 
vo  floors  of  the  large  municipal  auditorium  and  was 
ell  attended  by  local  engineers  as  well  as  by  the  visitors. 

There  was  an  unusual  number  of  operative  exhibits 
hich  attracted  particular  attention,  such  as  two  full- 
zed  Corliss  engine  models  o]>erated  by  motors,  traps  and 
isrh-  and  low-water  alarms  in  operation,  a  device  for 
jstina-  the  relative  friction  of  ]iacking  on  o-in.  rods,  au- 


togenous welding,  cutting,  etc.  A  local  welding  company 
subjected  a  30-in.  vertical  firebox  tubular  boiler  made  oi 
i/t-iii.  stock  entirely  by  welding  to  hydrostatic  pressure 
and  it  developed  a  leak  in  the  welded-in  door  frame  at 
305  lb.,  due  to  the  inward  bulging  of  the  unstayed  firebox. 
As  the  boiler  was  designed  for  heating  service  under  10 
lb.  i)ressure,  tlie  test  was  regarded  as  very  unsatisfactory. 

The  newly  elected  officers  of  the  Exhibitors'  Association 
are  Homer  Whelpley,  of  Cleveland,  president;  Henry 
Pastre,  of  Pittsburgh,  vice-president ;  Lane  Thompson, 
of  Cincinnati,  secretary;  Harrj-  D.  Raymond,  of  Boston, 
treasurer;  Charles  Cullen,  of  Cincinnati,  Charles  A.  Wil- 
hoft,  of  Xew  York,  Paul  T.  Payne,  of  Cliicago,  Joseph 
H.  Meyers,  of  Cleveland,  and  John  H.  Foote,  of  Xew 
York,  members  of  the  executive  committee. 

It  goes  without  saying  that  retiring  officers  and  those 
who  had  especially  contributed  to  the  success  of  the  con- 
vention were  remembered  in  resolutions  of  thanks  and 
more  .substantial  testimonials,  including  a  handsome 
watch  to  Walter  Damon,  who  had  been  untiring  in  hi> 
efforts  to  bring  the  convention  to  Springfield  and  as 
chairman  of  the  local  committee  fulfilled  all  of  the  anti- 
cipations which  he  had  aroused. 


Determining  Reducing-Valve  Sizes 

By  J.  Rowland  Bitowx 

A  large  percentage  of  the   troubles  experienced  with       { 
steam -])ressure    regulating    or    reducing    valves    can    be       ' 
traced  directly  to  the  use  of  valves  too  large  for  the  ser- 
vice conditions  they  are  recjuired  to  meet.     It  is  common 
practice  when  installing  a  regulating  valve  in  a  heating       j 
system  or  on  a  cooking  apparatus  to  use  a  valve  of  tht        ' 
same  size  as  the  pipe  leading  to  the  system.     An  excep- 
tion to  this  practice  is  in  vacuum-heating  systems  where 
it  is  customary  to  install  a  valve  of  one-half  the  diam- 
eter of  the  service  pipe  and  have  the  outlet  of  the  valve 
twice  the  size  of  the  inlet  of  the  port.     This  latter  case, 
while  a  move  in  the  right  direction,  may  be  in  serious 
error. 

The  correct  way  to  determine  the  size  of  a  regulating 
^alve  is  to  find  the  weight  of  the  steam  required  per  houi 
and  then  choose  the  valve  that  will  most  nearly  deliver 
that  quantity  of  steam  at  the  required  pressures.  The 
objection  to  this  scheme  is  that  it  is  often  difficult  or  im- 
possible to  determine  the  weight  of  steam  required. 

The  following  is  a  description  of  a  scientific  method 
of  approximating  the  correct  size  of  valve,  and,  though 
only  an  approximation,  it  has  proved,  when  tried  in  some       i 
hundreds  of  cases,  to  be  seldom  in  error.  I 

The  upper  curve.  Fig.  1,  shows  the  relation  between 
the  specific  volume  of  saturated  steam  and  its  absolute 
pressure,  and  the  lower  curve  represents  the  relation  be- 
tween the  square  root  of  the  specific  volume  and  the  abso- 
lute pressure.  It  is  readily  seen  from  an  inspection  of 
the  upper  curve  that  the  volume  of  a  pound  of  steam  is 
very  great  at  low  pressures  and  decreases  very  rapidly  as 
the  pressure  rises  up  to  about  75  lb.  absolute  and  then 
decreases  very  slowly.  As  an  example,  1  lb.  of  steam  at 
100  lb.  absolute  pressure  will  occupy  4.4  cu.ft. :  if  its 
pressure  is  reduced  to  50  lb.,  it  occupies  8.4  cu.ft. ;  to  25 
lb.  16  cu.ft.,  and  at  atmospheric  or  15  lb.  absolute  pres- 
sure it  occupies  26  cu.ft. 

The  quantity  of  steam  that  should  flow  through  a  pipe 
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s  gi'iierally   figured  by  assuming  some  velocity  of  flow, 
ukI  then  knowing  the  pressure  and  specific  vohime,  the 
.veight  per  hour  is  calculated. 
Let 

A  =  Area  in  square  feet  of  the  pipe  or  jiiissage ; 

V  =  Velocity  of  steam  in  feet  per  niiuulc; 

8  =  Specific  volume  of  saturated  steam  in  c  iiliic  feet 

per  pound ; 
I)  =  Diameter  of  pipe  or  passage  in  feet, 
riie  pound  of  steam  flowing  through  the  pipe  piM-  niinule 
s  equal  to 

A  XV  _  0.7854  P-^  X  r 

Jn  the  case  of  a  valve  having  the  same  size  of  inlet  and 
jutlet,  the  number  of  pounds  of  steam  per  minute  leav- 
ng  the  valve  is  the  same  as  the  number  entering,  and 
:here  is  the  following  relation : 

A  XV      AXV^       V       V,       V        S 

[n  other  words,  the  ratio  of  the  inlet  and  outlet  velocities 
s  equal  to  the  ratio  of  the  inlet  and  outlet  specific  vol- 
jmes.  In  a  regulating  valve  having  an  equal  size  inlet 
md  outlet  this  accounts  for  the  fact  that  the  velocitv 
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that  is,  the  ratio  of  the  diameters  of  the  inlet  and  out- 
let pipes  is  equal  to  the  ratio  of  the  square  roots  of  the 
specific  volumes;  or  the  diameter  of  the  inlet  jjipe  or 
the  regulating-valve  port  is  equal  to  the  product  of  the 
diameter  of  the  outlet  and  the  ratio  of  the  square  roots 
of  the  specific  volumes. 

It  is  necessary,  therefore,  to  know  the  size  of  the  out- 
let pipe  and  the  initial  and  scr\ice  pressures,  and  by  re- 
ferring to  the  ii!r\e,  Fig.  1,  the  square  roots  of  the 
specific  volume  can  be  found. 

The  single  assumption  made  in  tliis  problem  is  that 
the  service  or  outlet  pipe  is  of  the  correct  size.  This  for- 
mula insures  a  valve  of  suck  size  as  to  give  the  same 
steam  velocity  at  its  inlet  and  through  an  inlet  pipe  of 
the  same  size  as  that  in  the  outlet  or  service  pipe,  and, 
therefore,  provides  a  smaller  valve  than  would  ordinarily 
be  selected.  The  use  of  the  smaller  valve  is,  of  course, 
cheaper  in  first  cost,  and  Ijccause  of  the  main  valve  being 
wider  open  and  there  being  less  wire  drawing  or  cutting 
(jf  the  seat,  the  valve  should  last  longer.  There  is  also 
a  decided  advantage  in  operation  as  the  smaller  valve 
will  have  a  greater  lift  of  disk  for  a  given  amount  of 
steam  flowing  and  is,  therefore,  not  disturbed  by  vibra- 
tion, sticking  or  pressure  changes  to  as  great  an  extent. 


Absolute   Pressure 
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Fiii.  3.  Curves  for  Determining  Sizes  of  Eeducixg 
Valves  for  Given  Service  Pressures 


is  higher  in  the  service  or  outlet  pipe  than  it  is  in  the 
initial  or  inlet  pipe.  There  is  no  economy  in  having  the 
i'elocity  m  the  inlet  pipe  lower  than  that  in  the  service 
pipe,  as  a  smaller  inlet  pipe  and  a  smaller  valve  will  do 
the  work.  The  port  of  the  valve  should  in  all  cases  be 
the  size  of  the  inlet  pipe,  if  the  pipe  is  the  correct  size. 
The  greatest  economy  e.xists  when  the  velocity  of  steam 
is  the  same  in  the  inlet  and  outlet  provided  the  outlet 
velocity  is  correct. 

In   the   case   of   the    inlet    and    outlet   velocities   being 
equal,  the  ratios  are 

A  XV       A,  X  V      A        A        A         S 

in  other  words,  the  ratio  of  the  inlet  and  outlet  areas  is 
equal  to  the  ratio  of  the  inlet  and  outlet  specific  volumes. 
To  find  the  ratio  of  the  diameters: 
A        0.7854  X>3    _  Z>2 
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It  is  difficult  to  get  good,  continuous  regulation  when  a 
\alve  is  just  cracked  off  of  its  seat. 

Referring  to  the  lower  curve,  Fig.   1,  and  to  tlie  for- 
mula 

D  =  D, 

take,  as  an  example,  a  12-in.  service  pipe  with  a  pressure 
reduction  of  145  lb.  to  1  lb.  gage  pressure,  or  160  lb. 
absolute  to  1(3  lb.  absolute. 

i>i  =  13  In.  =  1  ft.  V  S'  =  1.7  V  ^\^  =  5.0 

and  D  =  4.08,  which  is  \cry  close  to  a  4-in.  valve,  whidi 
would  be  the  size  to  use. 

To  make  the  above  operation  easier,  the  curves.  Fig. 
2,  were  drawn,  in  which  the  ordinates  represent  the  ratio 

^^   and  the  abscissas  the  service  pressure  recorded  bv 

V  -s\ 

the  gage  (not  absolute). 

To  use  the  curves,  first  find  the  service  pressure  at  the 
bottom  and  follow  the  vertical  line  until  it  intersects  the 
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Lir\e  of  initial  pressure:  then  follow  the  horizontal  line 
irough  this  intersection  to  the  left  and  read  the  eorre- 
jonding  number.  The  number  at  the  left  multiplied 
y  the  size  of  the  service  pipe  (in  inches)  will  give  the 
ize  of  the  inlet  pipe  and  valve. 

As  an  example,  take  the  case  of  a  t-in.  service  pipe 
nd  a  reduction  of  75  lb.  gage  to  20  lb.  Read  20  lb.  at 
le  bottom  of  the  curves,  then  follow  the  vertical  line 
ntil  it  intersects  the  75-lb.  curve,  next  follow  horizontal- 
;  to  the  left  and  the  reading  is  0.64.  Multiply  0.64  by 
,  the  size  of  the  service  pipe,  and  the  result,  3.56  in., 
i  the  size  of  the  valve.  The  nearest  commercial  size  of 
alve  and  inlet  pipe  would,  of  course,  be  21/2  in- 
Fire-Fighting    Talks    to   Engineers 

On  Monday  evening,  Sept.  S,  about  1800  factory  fire  chiefs, 
lany,  if  not  most  of  them,  chief  engineers,  Ustened  to  instruc- 
ve  talks  by  Colonel  Bryant,  Commissioner  of  Labor,  of  New 
ersey,  and  ex-Chief  Croker,  of  the  New  York  Fire  Depart- 
lent,  at  the  Krueger  .\uditoriura,  Newark,  N.  J.  Several 
ccellent  lantern-slide  illustrations  of  factory  fire-fighting 
pparatus,  such  as  pumps,  etc.,  were  shown. 
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LECTRICITY     FOR     THE     FARM     AND     HOME — By     Frank 

Koester.      Published  by   Sturgis   &   Walton   Co.,  New   York. 

1913,   as   part   of    the    "Farmers'    Practical    Library."      Size, 

Sx5   in.,    279   pages,    illustrated.      Price,    $1,    net. 

The    application     of    electricity     to     farm     work     has    been 

inched  on  from,  time  to   time  in   various   magazines,  but  this 

,    insofar   as   we    know,    the    first   extensive    treatment    of    the 

ibject   in   book   form.      It   is   a   book   which   should   appeal   to 

^ery  progressive   farmer. 

The  author  points  out  the  three  possible  sources  of  elec- 
icity  for  this  purpose.  First,  high-tension  transmission 
nes  from  large  central  stations  often  pass  through  farming 
luntry  and  these  can  very  easily  be  tapped  and  the  voltage 
epped  down  through  small  transformer  stations  to  supply 
le  or  a  group   of  farms. 

The  second  plan  is  to  establish  rural  central  stations, 
his  practice  has  been  followed  to  a  large  extent  in  Germany, 
ich  stations  often  supplying  from  100  to  150  farms.  Where 
iral  central  stations  are  not  feasible  and  where  no  trans- 
ission  lines  pass  in  the  vicinity,  the  farmer  may,  providing 
iS  work  is  extensive  enough,  put  in  an  isolated  plant.  This 
often  advantageous  where  there  is  water  power  available 
1  the  premises.  Typical  installations  along  this  line  are 
ted. 

A  chapter  is  devoted  to  various  motor  applications  in  farm 
ork,  and  rules  are  given  for  determining  the  sizes  of  motors 
)  be  used.     Useful   cost  figures  are   alsci  included. 

The  book  concludes  with  suggestions  for  electric  heating 
id  lighting  on  the  farm. 

AYING  OUT  FOR  BOILER  JIAKEKS  AXD  SHEET  METAL 
WORKERS — SECOND  EDITION.  Tuhlished  by  the  .\ld- 
rich  Publishing  Co.  ("The  lloiler  Maker").  New  York. 
Cloth;  306  pages,  10x13  in.;  600  illustrations.  Price  $5 
postpaid. 
Those  having  a  copy  of  the  first  edition  will  not  need  to 
e  told  that  it  is  an  excellent  work  on  the  subject,  giving 
I  a  practical  way  all  the  information  necessary  to  enable 
le  boilermaker  to  lay  out  in  detail  different  types  of  boiler, 
ink,  stack  and  irregular  sheet  metal  work.  The  first  two 
lapters  explain  the  methods  of  laying  out  by  orthographic 
rejection  and  triangulation  and  problems  are  given  to  il- 
istrate  the  work.  In  the  chapters  dealing  with  the  layout 
f  different  types  of  boiler  more  space  is  given  to  the  plain 
ibular  type  as  the  problems  are  general  and  may  be  ap- 
lied  to  almost  any  other  type.  Rules  for  determining  the 
ze,  shape  and  strength  of  the  different  parts  are  also  in- 
uded.  In  the  second  edition  113  additional  pages  have 
een  added,  comprising  44  new  laying  out  problems  and 
lapters  on  miscellaneous  calculations  and  tools  for  boiler 
lakers.  The  problems  cover  a  wide  range  of  work,  showing 
le  layout  and  construction  of  regular  and  irregular  elbows, 
ipe  connections,  transition  and  offset  pieces,  taper  courses, 
piral  pipe,  hemispherical  water  tanks,  firebox  wrapper  sheets 
)r   locomotive   boilers   and   smokestack    collars,    uptakes    and 


smokeboxes  for  Scotch  boilers.  The  miscellaneous  calcula- 
tions referred  to,  show  how  to  figure  the  efficiency  of  riveted 
joints,  the  area  of  circular  segments  and  the  cost  of  boiler 
construction.  For  simplicity  and  breadth  of  treatment,  any- 
one interested  in  the  work  outlined  must  need  go  far  to 
find  a  better  book   on   the  subject. 

STEAM  ENGINEERING — A  Text  Book.  By  William  B.  King. 
Published  bv  John  Wiley  &  Sons,  New  Y'ork  City  and 
London.  Cloth;  439  pages,  6x9  in.;  177  illustrations.  Price, 
$4,  net. 

The  book  is  a  simple  and  straightforward  treatment  of 
the  principles  and  action  of  steam  boilers,  reciprocating  en- 
gines, turbines  and  the  accessories,  requiring  no  extensive 
knowledge  of  physics  or  thermodynamics.  With  so  broad 
a  field  the  treatment  must  naturally  be  brief,  but  is  by  no 
means  too  much  condensed  for  a  ready  and  clear  understand- 
ing of  the  subjects  discussed.  The  thermodynamics  and 
kinematics  involved  are  made  so  simple  that  previous  knowl- 
edge of  the  subjects  is  not  necessary.  The  table  of  contents 
following  will  give  some  idea  of  the  compass  of  the  book: 
Chapter  I,  Introductory;  Chapter  II,  Application  of  Heat  to 
Water;  Chapter  III,  Fuels  and  Combustion;  Chapter  IV. 
Steam  Boilers,  Attachments  and  Accessories;  Chapter  V,  The 
Slide  Valve  and  Its  Motion;  Chapter  VI,  Rotary  Motion,  Acticn 
of  Crank  and  Connecting  Rod;  Chapter  VII,  The  Reciprocating 
Steam  Engine,  Types  and  Details;  Chapter  VIII,  Condensers, 
Feed-water  Heaters,  Pumps;  Chapter  IX,  The  Indicator  and 
Its  Diagram,  The  Planimeter,  Clearance,  Ratio  of  Expansion; 
Chapter  X,  Expansion  of  Gases,  Mean  Pressure  of  an  Expand- 
ing Gas;  Chapter  XI,  Compound  or  Stage-Expansion  Engines; 
Chapter  XII,  Boiler  Efficiency,  Calorimetry;  Chapter  XIII, 
Engine  Efficiency,  The  Carnot  Cycle;  Chapter  XIV,  Design  of 
Simple  and  Compound  Engines;  Chapter  XV,  Combining  Dia- 
grams of  Stage-Expansion  Engines;  Chapter  XVI,  The  Zeuner 
A'alve  Diagram:  Chapter  XVII,  Entropy;  Chapter  XVIII,  The 
Steam  Turbine;  Chapter  XIX,  Testing  Engines  and  Boilers; 
Index. 

Of  superheated  steam  the  specific  heat  is  no  longer  taken 
at  the  constant  value  of  0.4S.  Recent  experiments  have  shown 
that  it  varies  with  the  temperature  and  the  pressure.  The 
author  has  used  the  older  value  and  in  the  first  two  chapters 
values  from  the  older  steam  tables,  although  in  the  balance 
of  the   book    the   Marks   and  Davis  values    have    been    adopted. 

It  is,  of  course,  best  to  be  uptodate  and  consistent  on 
data  of  this  character.  Aside  from  this  the  book  is  the  best 
we  have  seen  in  many  a  day.  It  is  simple  and  explicit,  and 
gives  what  is  wanted  in  a  nutshell.  It  should  be  an  excellent 
work  for  a  short  course  or  for  an  introduction  to  subjects 
to  be  taken  up  more  in  detail  later  on.  As  a  reference  to 
refresh  the  memory  and  give  all  that  is  necessary  in  a  short 
space,  a  better  book  could  not   be  obtained. 


The  evening  courses  offered  by  Pratt  Institute  will  opt  n 
on  Oct.  1.  The  courses  are  technical  chemistry,  mechanical 
drawing,  industrial  electricity,  practical  eiectricity,  steam 
engine,  strength  of  materials,  practical  matnematics,  machine 
work  and  tool  making,  carpentry  and  building,  pattern  mak- 
ing, sheet-metal  work,  plumbing,  trade  teaching.  A  circular 
of  information  may  be  had  by  writing  to  School  of  Science 
and    Technology    (Dept.    N),    Pratt    Institute,    Brooklyn,    N.    Y. 


C.  F.  Catillaz,  the  New  Y'ork  representative  of  Neemes 
Brothers,  has  moved  into  his  new  office  at  30  Church  St.,  New 
York  City. 

Henry  D.  Jackson,  consulting  engineer,  Boston,  Mass., 
sailed  Sept.  20  for  Bermuda  on  a  three-months'  trip  for  rest 
and   recreation. 

R.  A.  Foresman  has  been  appointed  supervising  engineer 
of  the  Eastern  Pennsylvania  Power  Co.  plants,  with  head- 
quarters  at    Easton,    Penn. 

William  Tietze,  formerly  chief  engineer  of  the  Power  Min- 
ing &  Machine  Co.,  Cudahy,  Wis.,  and  now  with  the  Pierce 
Phosphate  Co.,  Pierce,  Fla.,  has  been  appointed  chief  engineer 
with  this  company. 
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How  One   Engineer  Got   His  Job 


Here  is  a  plain  unvarnished  tale.  Perhaps 
it  is  commonplace.  But  it  is  the  common- 
place that  is  oftenest  vital. 

The  story  begins  when  our  hero  was  chief 
of  a  small-town  water-works. 

He  had  been  there  three  years  and  was  re- 
ceiving $1400  per  year.  Being  amply  capable 
for  the  requirements  of  the  position,  con- 
scientious and  mildly  ambitious,  the  need  of 
bending  to  the  whims  of  amateur  supervision 
and  conforming  to  petty  political  restrictions 
became  somewhat  irksome  and  he  decided 
to  cast  about  for  a  berth  at  least  more  con- 
genial if  not  more  remunerative. 

A  classified  ad  in  a  daily  of  a  nearby  large 
city  brought  a  letter  one  morning  which  stated 
that  if  he  was  familiar  with  the  installation 
and  operation  of  apparatus  usually  found  in  a 
small  plant  it  might  be  to  his  advantage  to 
call  on  Mr.  X. 

After  an  interview  long  enough  to  convince 
Mr.  X  that  the  candidate  was  thoroughly 
competent,  the  former  suggested  that  they 
look  over  the  plant,  situated  in  the  basement 
of  a  recently  erected  six-story  loft  and  manu- 
facturing building  and  consisting  of  three 
tubular  boilers,  two  small  generators  and  the 
usual  complement  of  other  apparatus. 

When  the  engineer  saw  that  the  plant  was 
well  arranged  and  that  its  operation  would 
obviously  be  satisfactory  from  every  view- 
point, he  decided  he  wanted  the  position  even 
at  a  lower  salary.  But,  getting  down  to  terms, 
the  owner  rather  discouraged  him  by  saying, 
"I'll  give  you  $1000  the  first  year  and  a  raise 
of  $100  each  succeeding  year." 

"Such  terms  are  out  of  the  question." 

"All  right,"  replied  Mr.  X,  "I'll  have  to 
get  another  man.  A  half  dozen  have  been  in 
here,  any  one  of  them  willing  to  work  for  $900." 

"I  don't  doubt  that,"  said  the  candidate. 
"If  you  wished,  you  could  get  a  man  for  $780. 
But  to  hire  a  low-grade  man  to  take  charge  of 
your  new,  high-grade  machinery,  simply  be- 


cause you  can  get  him  for  little  money,  is 
shortsighted  indeed.  You  didn't  buy  the 
cheapest  equipment  you  could;  you  gave 
some  weight  to  service  and  efficiency.  Now, 
in  buying  the  services  of  an  engineer  it  is 
doubly  important  to  secure  efficiency,  because 
while  a  good  engineer  may  be  able  to  get  fair 
results  with  poor  equipment,  a  poor  engineer 
can  never  get  even  ordinary  results  with  a 
first-class  plant." 

"Your  argument  sounds  good,"  said  Mr.  X. 
"I'll  tell  you  what  I'll  do.  I'll  give  you 
$1100  per  year  to  start." 

"In  view  of  my  present  circumstances,  that 
is  not  satisfactory,"  said  the  engineer,  "but 
I  will  start  on  that  basis  on  two  conditions. 
First,  if,  after  three  months,  you  will  raise 
my  salary  $10  per  month  if  my  work  proves 
satisfactory;  if  not,  you  are  to  pay  me  off 
and  that  will  be  the  end  of  the  matter.  Sec- 
ond, if  you  will  give  me  all  I  save  in  the  cost  of 
fuel  for  one  year,  based  on  normal  operating 
conditions." 

After  taking  two  days  to  think  it  over, 
Mr.  X  agreed  to  this  proposition. 

This  engineer  has  had  the  position  for  three 
years  now,  is  receiving  $1460  per  year,  and  the 
end  is  not  yet.  Besides,  he  received  $254  for 
the  coal  saved  during  his  first  year's  operation. 

In  addition  to  the  management  and  opera- 
tion of  the  power  plant,  he  has  complete 
charge  of  the  building,  acting  as  Mr.  X's 
personal  representative. 

Mr.  X  will  shortly  erect  another  building 
requiring  a  separate  power  plant.  ,  The  super- 
vision of  the  new  plant  will  fall  to  the  present 
chief  and  the  added  responsibility  will  un- 
questionably   bring    increased    remuneration. 

This  engineer's  work  is  congenial ;  he  suffers 
few  annoyances  and  no  indignities.  He  is 
young,  steady  going  and  industrious.  His 
future  is  assured. 

Many  an  engineer  drawing  double  or  even 
treble  this  man's  salary  may  well  be  envious. 
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Good  Record  for  Small  Isolated  Plant 


By  F.  L.  Johnson 


YNOPSIS — With  a  rate  of  2c.  per  kw.-hr.  for  jioirrr 
id  8c.  for  lighting  from  the  centred  station  and  doing 
s  own  heating,  the  Benton  Heel  Co.  decided  to  inslnll 
73-kw.  generating  set.  With  coal  at  $S.50  per  Ion  if 
ade  a  gross  annual  .saving  of  27  per  cenl.,  or  a  net 
'rning  on  the  investment  of  IS  per  cent. 

Whenever  a  change  is  inade  from  eeiitral-station  io 
rivate-phiiit  .scrviee,  or  the  other  way,  tlie  operating  en- 
^neer  is  always  interested,  not  only  in  the  reasons  which 
d  to  the  change,  bnt  also  in  the  results  of  that  change. 


in  number,  varying  in  capacity  from  1  to  15  hp.,  and 
totaling  in  the  aggregate  about  60  kw.  By  Jan.  1,  1912, 
the  plant  was  operating  at  iiear  its  full  capacity  of  100,- 
000  pairs  of  heels  and  60,000  pairs  of  counters  daily.  Cur- 
rent was  supplied  by  the  central  station  at  the  rate  of  2c. 
per  kw.-hr.  for  j^o^^er  and  Sc.  per  kw.-hr.  for  lighting. 
Steam  for  heating,  drying  and  other  purposes  was  fur- 
nished by  one  of  the  two  horizontal  return-tubular  boilers 
which  were  installed  at  the  start. 

As  the  coal  and  power  bills  came  in  each  month,  it  was 
seen  that  central-station  current  was  proving  to  be  an 


Fig.  1.    Factokt  of  thk   Iu.niun   Heel  Co. 


Fi(.i.   V.    TuE  PoWKii  1Tmi-~i: 


Fig.  3.    Hodge  Boileks  Equipped 
WITH  Coppus  Bloweks 


Fig.  1.  Wagner  75-K\v.  Alti;i;- 

NATOR  WITH   BeLTED  ExCITEI! 


Fig. 


Boilee-Feed  and  Vacuum- 
■Return  Pumps 


When  m  1911  the  Renton  Heel  Co..  of  L  nn,  Mass.,  de- 
ded  to  erect  a  new  factory  building,  tlie  management 
aving  in  view  the  small  amount  of  power  required,  was 
jmewhat  uncertain  whether  it  would  prove  cheaper  to 
uy  or  generate  the  current  used.  In  erecting  the  boiler 
ouse,  room  was  left  at  one  end  for  the  installation  of  a 
igh-speed  engine  with  a  direct-connected  generator  if  it 
\ould  become  evident  that  it  would  pay  to  generate  cur- 
»nt  instead  of  buying  it. 

Early  in  December,  1911,  the  new  four-story  factory 
C  the  company  containing  about  two  acres  of  floor  space, 
as  equipped  with  Wagner  induction  motors,  some  thirty 


expensive  luxury  during  those  mouths  in  which  it  was 
necessary  to  buy  coal  for  heating  purposes,  and  after  sev- 
eral consultations  with  local  engineers  operating  isolated 
plants  the  management  decided  to  put  in  a  steam-driven 
generator. 

During  the  preliminary  work  involved  in  tlie  selection 
of  suitable  apparatus,  it  developed  that  a  high-speed  en- 
gine and  generator  would  cost  a  great  deal  more  than  a 
medium-speed  engine  and  belted  generator.  As  the  floor 
space  ijrovided  for  the  generating  unit  was  rather  limited 
for  the  larger  engine,  it  was  necessary  to  run  the  belt 
back  past  the  engine  cylinder  and  mount  the  exciter  ou 


September  30,  1913 
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the  armature  frame  of  the  generator.  At  a  cost  of  $1)001) 
for  fouudatioiit;,  generator,  iiipiug,  switchboard,  belting 
and  necessary  wiring  to  connect  the  new  system  with  tlie 
old,  the  generating  jihmt  was  installed. 

After  a  few  preliminary  runs,  the  outfit  was  put  into 
regular  service  on  the  first  working  day  of  January,  1913, 
and  though  the  story  is  told  some  mouths  before  the  first 
full  year  of  private  service  is  accomplished,  the  cost  may 
be  compared  with  the  corresponding  period  of  the  pre- 
ceding year  and  the  sequel  read  as  easily  as  though  the 
record  for  the  whole  year  was  available. 

Unusual  care  was  taken  in  the  selection  of  the  power- 
filant  equipment  and  no  choice  was  made  without  deliber- 
ate discussion  of  details  and   visits  to  iilants   where  the 


Pump — Boiler  feed,  two  6x4x6-in.  Kuowles  duplex 
steam-driven;  vacuum  pumps  for  elevating  returns  to 
the  receiver,  two  5i/2x8x'''-in.  Knowles  simplex  steam- 
driven  ;  power  pumps  for  supplying  roof  tanks,  three  %x 
4-in.  Deane,  double,  electrically  driven  ;  Watson  injector 
No.  9. 

Water  is  heated  for  factory  service  l)y  an  independent 
exhaust-steam  heater,  automatically  controlled  at  a  tem- 
perature of  170  deg.  F.  Both  the  wet  and  dry  systems 
of  automatic  sprinkling  for  fire  protection  are  employed 
in  the  several  buildings.  The  starting  control  lor  the 
dry  system  is  located  in  a  separate  building  in  the  yard 
and  is  electrically  operated  and  connected  with  the  dis- 
trict telegraph  office,  so  that  any  interference  with  the 


Fig.   G.    Rolijns   MEiiit'M-.SpEEn  Belted   Exgine 


chosen  apparatus  was  in  successful  operation.  Following 
is  a  list  of  the  equipment: 

Engine — Rollins,  simple,  high-pressure,  double-eccen- 
tric, 14x36-in.,  running  at  128  r.p.m.  Rated  horsepower 
168. 

Generatoi! — Wagner  three-phase.  60-cycle,  75-kw., 
210-volt,  300-amp.,  running  at  600  r.p.m. 

Exciter — Crocker-Wheeler,  4.3-kw..  31.4-amp.,  125- 
volt,  running  at  1600  r.p.m. 

Boiler — Two  horizontal  return-tubular,  built  by 
Hodge  Boiler  Works,  East  Boston,  Mass.,  in  1911.  Tjength, 
19  ft.  6  in.;  diameter,  72  in.;  124  tubes,  3  in.  by  IS  ft.; 
shell  plates,  Jf  in. ;  thickness  of  heads,  i^  in. ;  longi- 
tudinal joint,  quadruple-riveted  butt,  strength  of  joint  to 
solid  plate,  94  per  cent. 

Chimney — Iron,  90  ft.  high,  42-in.  diameter.  Draft 
accelerated,  when  required,  by  Cojipus  turbo-blower. 
Lawrence  damper  regulator. 


system  or  the  closing  of  any  hand  valve  is  promptly  noted 
and  investigated. 

Complete  reports  of  operating  expenses  for  only  the 
first  four  months  of  the  year  1913  are  available  at  this 
time,  but  when  compared  with  the-  corresponding  period 
of  1912,  they  show  that  even  if  actual  loss  is  incurred  dur- 
ing the  four  summer  months  of  May,  June,  July  and 
August,  the  total  gain  will  pay  a  high  rate  of  interest  on 
the  investment. 

For  the  first  four  months  of  each  of  the  years  1912 
and  1913,  the  operating  expenses,  including  coal,  current, 
labor  and  supplies,  were  $2533.45  and  $1304.84,  respec- 
tively, which  shows  a  gross  saving  of  $1228.61. 

COMPARATIVE   OPERATINC!    COSTS 

Gross                Int.,  &  Net 

1912               1913            Saving                Dep.  SavinR 

January $771.77       $371.04       $400.13  $105. OB  $295.07 

February 682.84         355.38         327.46         105.06  222.40 

March 587.13         306.98         280.15         105.06  175.09 

April 491.71         270.84         220.87         105.56  115.81 

Totals $2533 .  45     $1304  .  84     $1228 .  61        $420 .  24        $808 .  37 
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Tlio  net  profit  was  $808.37  for  tlie  lirst  four  iiionih.- 
of  the  year  ]!)l:3.  It  i.«  fair  to  a.s.^iunc  that  llie  last  four 
nioiitlis  will  show  an  equal  profit,  ami  if  the  siunnur 
months,  during  which  no  neating  is  required,  onlv  ])av 
expense.*,  the  net  jirofit  for  the  year  will  amount  to 
$lfil6.7o,  or  about  18  per  cent.,  on  the  investment  after 
the  interest  and  de])reciation  are  deducted,  or  a  gross 
earning  of  over  27  per  cent. 

Steam  Traps  on  Exhaust  Lines 

Hv   W.  II.  Wakeman- 

An  oil  separator  on  an  exhaust  pipe  line  running  from 
a  feed-water  heater  to  the  heating  system  in  a  machine 
sho]i  is  shown  in  Fig.  1.  The  drip  pipe  from  the  sepa- 
rator which  discharged  oil  and  grease  to  the  sewer  was 
made  with  a  loop  as  indicated  by  the  dotted  lines.  Its 
jnirpose  was  to  prevent  a  \\-aste  of  steam,  and  as  long  as 
there  was  a  slight  pressure  above  the  atmosphere  on  the 
line  it  was  not  objectionable,  although  not  very  efficient. 

The  air  valves  on  the  radiators  and  coils  in  the  heat- 
ing system  were  much  larger  than  usual  and  discharged 
into  a  pipe  line  connected  with  a  pump.  The  object  was 
to  keep  the  line  pressure  below  that  of  the  atmosphere, 
so  that  when  an  air  valve  opened  it  would  discharge 
water  and  air  rapidly.  Sometimes  these  air  valves  would 
not  close  promptly,  hence  the  pressure  would  be  reduced 
in  the  coils  and  radiators,  also  in  the  main  exhaust  pipe 
and  se])arator  by  the  operation  of  the  pump  until  it  was 
lower  than  atmospheric  pressure.  As  the  loop  was  usually 
nearly  full  of  oil,  etc..  from  the  separator,  it  would  he 
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Fk;.   1.  Old  axd  Xevv  Pipixg 

drawn  back  into  the  heating  system  when  this  reduction 
of  pressure  occurred,  and  in  due  course  of  time  appear 
in  the  boilers. 

To   overcome   this    defect   the   loop   was   removed    and 
an  ordinary  ball-iloat  steam  trap  installed,  on  the  outlet 


of  which  two  swing  check  valves  were  placed  as  shown. 
The  arrangement  operates  as  follows:  Under  normal 
conditions  with  a  slight  pressure  above  the  atmosphere 
in  the  heating  system,  oil  and  water  from  the  separator 
drains  through  the  drip  pipe  and  fills  the  trap  until  the 
valve  opens  and  discharges  to  the  sewer.     When  pressure 


Fig.  2.  Trap  Coxxected  to   Heatei;  axd  Drip  Pipe 

in  the  exhaust  ]npe  is  reduced  below  that  of  the  atraos- 
])here,  the  tendency  is  to  draw  this  foreiurn  matter  up  into 
the  separator  and  exhaust  pipe  again,  but  the  check 
valves  close  and  prevent  it. 

The  separator  is  aboixt  8  ft.  above  the  trap,  and  as 
water  collects  and  cools  it  exerts  3  lb.  pressure  to  open 
t!ie  check  valves.  This  is  usually  more  than  sufficient  to 
balance  the  reduction  of  pressure  in  the  exhaust  pipe 
(below  atmospheric  pressure),  hence  the  trap  discharges 
to  the  sewer.  When  this  height  of  water  is  not  suflScient, 
there  can  be  no  backward  movement  for  the  reasons 
already  given.  In  practice  it  prevents  oil  from  going 
to  the  boilers. 

In  another  plant  where  the  pressure  is  always  eqvtal  to 
or  above  that  of  the  atmosphere,  the  feed-water  heater  and 
separator  were  fitted  with  drip  pipes  as  shown  in  Fig. 
2.  but  the  trap  .4  was  not  included  in  the  original  in- 
stallation. When  exhaust  steam  was  not  required  for 
lieating  purposes  the  valves  B  and  C  were  left  wide  open. 
but  when  the  engine  exhausted  into  the  heating  system 
under  2  lb.  pressure  much  heat  was  lost  through  these 
two  drip  pipes. 


St'iiti'Dilu'r  :!n,  i',)]:! 


r  O  W  K  E 


459 


Ti)  |iii'\fiil  lliis  Kiss  \[tv  \al\i_'.s  B  and  ('  wore  nearly 
closed  until  tliu  Mihune  of  escaping  .steam  was  greatly 
reduced.  If  these  \al\es  were  open  just  enough  to  allow 
the  condensation  to  escape  when  no  water  was  pumped 
through  the  heater,  the  result  was  satisfactory,  but  when 
the  ])ump  was  started,  causing  much  more  condensation 
to  settle  to  the  lnwcsl  |iiiint.  llic  nearly  closed  \alves 
would  not  allow  il  In  esc-a|ii'.  and  thumping  and  pound- 
ing in  the  exhaust  pipe  I'csulted.  If  the  valves  were 
opened  enough  to  allow  this  water  to  escape,  then  much 
steam  was  lost  at  other  iimes:  if  this  waicr  diil  nut  escape. 


there  was  the  immediate  danger  of  wrecking  the  engine. 
To  overcome  this  troulile  the  steam  trap  A  was  in- 
stalled and  now  the  drip  \alves  are  always  open.  As 
this  trap  is  below  the  engine-room  floor,  a  small  pipe  is 
connected  to  the  top  and  extends  through  the  floor  as 
shown.  If  the  trap  becomes  air-bound,  the  valve  D  is 
opened  and  the  air  quickly  escapes.  When  a  large  quan- 
tity of  water  is  going  through  the  heater  much  steam  is 
condensed,  but  tlie  trap  allows  the  resulting  water  to 
escape.  Xothing  but  water  that  is  unfit  for  boiler  use 
soes  to  the  sewer. 


Tom  Hunter,  Hoisting  Engineer 

r^)Y  \\"ahi;I':x  O.  Itoniiiis 

Sl'XOPSfS — H>  ri.^it  yci\'r(il  mitic.':  and  .see  more  cm-  liead  would  he  about  '■'>:i-')  ft.  I'oi-  the  1  Mid-,  11(10-,  SOO- 
Irifiii/iil  piiiHiis  ill  ojieralidii.  An  interesting  method  of  and  5(H)-it.  levels,  and  ".'OO-tl.  head  for  (lie  p\inip  at  the 
liiiistliif/  mine  iraler  at  a  rule  of  JfioO  gal.  per  min.  wns  ^Oti-ft.  level;  each  level  would  have  a  sum]i.  The  puni]:is 
also  iiirestigated.  Tlie  eiir/iiie  used  to  hoist  this  amount  would  probably  be  of  the  two-stage  type.  In  the  par- 
ti/ iriiler  iras  tlie  liin/est  ii-e  lunl  seen,  h/iving  two  SO  hi;  tieular  mine  I  ha\e  in  miitd  the  capacity  of  each  fi-in. 
(ill-ill.  Iiiijli- pressure  ciiliiiilers. 

Two  days  afler  my  last  talk  with  Hunter  we  planned 
to  \  isjt  a  mine  where  water  was  handled  by  a  huge  bucket 
and  a  winding  engine.  Tliere  were  some  things  I  still 
wanted  to  know  about  centrifugal  pumps,  however,  for  it 
ajipeared  to  me  that  with  their  simplicity,  light  weight, 
large  <a]iaeity  aiul  ease  of  lonnection  to  a  motor  they 
were  ideal  units.  From  luy  limited  observation  of  the 
two  pumps  I  had  seen-  operating  there  was  no  vibration 
or  water-hammer  which  I  had  noted  on  the  reciprocating 
puuips.  and  f  so  stated  to  Hunter. 

■■|{ight  you  are,"  was  the  reply.  "A  jnimp  correctly 
balanced  will  run  as  smoothly  as  a  watch,  comparatively 
speaking.  As  you  say.  a  eentrifugal  pump  requires  but 
little  floor  area,  for  (he  same  ca])acity,  as  compared  with 
a  reciprocating  pumj). 


Pii 


Two    Korii 


S'J  \(;i.;   CENTHIFUCiAL    I'lMl's    DlilVlCX 

BY  One  MoTon 


min.,   with  a  speed   of 
5-li]i..  three-phase,  60- 


FiG.  1.  Two  Two-Stauk  C'entiiifugal  I'rMP; 
1000  Gal.  vrv.  MiNtn-n 


Capapity 


"One  method  of  running  them  on  deep  shafts  is  to  use 
them  as  a  relay  system.  For  instance,  in  a  shaft,  say, 
1400  ft.  deep,  the  pump  stations  would  be  placed  about 
300  ft.  apart,  and  each  station  would  contain  two  pumps 
of  the  same  capacity,  one  being  held  as  a  spare  unit.     The 


pinup  (Fig.  1  )  is  1000  gal. 
174.5  r.]>.m..  each  driven  by 
cycle,  220-volt  motor." 

"So  it's  necessary  to  relay  the  water  from  one  level  to 
another.  I  supposed  that  is  one  of  the  objections  to  cen- 
trifugal pumps?" 

"It  isn't  always  necessary  to  relay  the -pumps,"  re- 
iilied  Hunter,  "for  instance,  I  can  .show  you  an  S-in. 
eight-stage  pump  made  as  one  unit' arranged  with  four 
stages  on  either  side  of  the  motor;  the  two  sides  of  tlie 
l)ump  are  connected  by  a  pipe  when  it  is  used  a,«  a  series 
])ump." 

The  next  day  we  saw  the  pump.  Fig.  2.  Each  set  was 
designed  for  a  capacity  of  000  gal.  per  min.,  delivering 
this  amount  of  water  against  a  height  of  1250  ft.  A  4r)0- 
hp.  motor  will)  a  speed  of  llfiO  r.p.m.  drove  tl).e  pump. 

"Tlic  design  of  that  pump,"  said  Hunter,  "eliminates 
a  number  of  joints  which  would  have  a  tendency  to  leak 
under  pressure  and  the  pump  runner  can  be  removed 
without  dismantlinc-  the  unit. 
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"As  a  whole,  the  peculiar  characteristics  of  centrifugal 
umps  require  sj)ecial  care  in  their  selection,  the  motor 
5  drive  them  and  the  method  of  control.  In  some  re- 
peets  the  features  of  ceutrifugal-pump  operation  is  the 
pposite  of  reciprocating  pumjis." 

"Ho\y  do  you  make  that  out?"   I  askeil.  seating  mv- 


control,  because  a  small  difference  in  the  static  head  will 
make  quite  a  difference  in  the  volume  of  water  delivered; 
a  slight  variation  in  speed  will  also  produce  a  consider- 
able variation  in  the  quantity  of  water  delivered." 

After  lunch  we  started  for  the  mines  of  the  Lytle  Coal 
Co..  near  Minersville,  where  a  huge  mine  bailer  was  lo 


Fig.  3.  Two  Co.vl  axd  One  Water-Bailei;  Shafts 

'If  on  a  piece  of  timber,  for  the  climb  u])  the  hill  h:id 
;en  long  and  hot. 

"Because,"  replied  Hunter,  taking  a  seat  beside  me, 
id  wiping  the  perspiration  from  his  forehead  "a  con- 
ant  speed  and  an  increase  of  resistance  against  which 
le  reciprocating  pump  works  increases  the  pressure  and 
le  load  ou  the  water  plunger.  But  with  a  centrifugal 
.imp  an  increase  of  resistance  reduces  the  load. 

■'If  you  are  pumping  a  certain  amount  of  water  with 

reciprocating  pump  and  wish  to  reduce  the  amount 
■  water  discharged  without  changing  the  speed  of  the 
imp,  some  of  the  water  being  pumped  must  be  bypassed, 
'ith  a  centrifugal  pump  the  amount  of  water  discharged 
XL  be  reduced  by  throttling  the  discharge  pipe." 

"According  to  that  statement,  if  the  head  again.st  which 
reciproc-ating  pump  is  working  is  reduced,  the  volume 
scharged  will  not  be  affected,  unless  slightly  by  leakage, 
it  wouldn't  the  power  to  pump  the  volume  of  water 
'■  reduced?" 

"Eight  you  are,"  replietl  Hunter.  "With  the  volume 
scharged  the  power  required  to  operate  the  pump  will 
I  less  with  a  reduced  head.  But  with  a  centrifugal 
imp,  when  the  head  is  reduced  the  volume  or  rate  of 
scharge  will  be  increased  as  well  as  the  required 
)wer,  but  the  amount  of  increase  in  volume  depends 
wn  the  characteristics  of  the  pump. 

"There  is  this  fact  to  always  keep  in  mind,  in  selecting 
centrifugal  pump,  always  know  the  head  against  which 

is  to  work,  unless  the  motor  is  provided  with  a  speed 


Fig.  4.    Bailer  Discharging  Water  at  a  Bate  of 
2000  Gal.  per  Min. 

be  seen.  This  shaft,  or  rather  triple  shafts  (Fig.  3),  is 
1500  ft.  deep.  Coal  is  hoisted  from  two  shafts,  and 
water  from  the  third.  A  So.xGO-in.,  first-motion  hoisting 
engine.  Fig.  5,  handles  the  mine  bailer,  hoisting  at  a  rate 
of  2000  gal.  of  water  per  minute.  The  cone  drum  is 
10  and  KJ  ft.  in  diameter.     As  the  bailer  reached  the  top 


Fig.  5.  A  30x60-Tx.  First-IIotiox  Hotstixg  Exgine 

of  the  shaft  a  tripper,  attached  to  the  side  of  the  shaft, 
opened  a  valve  at  the  bottom  and  the  water  was  dis- 
charged as  shown  in  Fig.  4.  The  tripper  is  .shown  at  the 
sides  of  the  bailer. 

The  mine  superintendent  stated  that  tlie  mine  water 


Scptenibor  30,  1!)13 
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was  of  siicli  quality  that  it  did  not  attack  the  pipes  ia 
the  mine,  which  made  a  big  ditTerence  in  tlie  upkeep  ex- 
penses. 

"That  goes  to  show,"  said  Hunter,  "that  nobody  knows 
what  propositions  will  I'omo  up  when  sinking  a  new  shaft. 
Now,  take  the  ne.xt  mine  to  this  one.  1  am  told  that  they 
have  all  kinds  of  trouble  with  acids  in  their  mine  water, 
and  they  are  not  more  than  ten  minutes'  walk  distant  at 
that." 

"How  do  you  account  for  that  ?"  I  asked  with  some 
surprise.     "I  don't,"  replied  Hunter.     "I  suppose  that 


this  mine  being  deeper  has  a  different  water  to  handle, 
or  the  water  in  the  upper  seams  may  be  prevented  from 
leaching  the  lower  level  by  a  layer  of  liard  rock.  The 
water  problem  in  coal  mines  is  no  small  matter,  you  may 
]-est  assured.  A  few  of  the  soft-coal  mines,  perhaps  30 
per  cent.,  have  natural  drainage,  in  which  case  the  cost 
of  operating  the  mine  is  much  less  than,  if  water  had  to 
be  handled  by  pumping." 

It  was  late  that  night  before  we  returned  to  the  hotel, 
tired  and  hungry,  after  a  most  interesting  day  at  the 
mines. 


Boiler  Attachments — -I 


My  J.  K.  Tkuman 


SYNOPSIS — Pointers  regarding  the  jirujjer  location  of 
the  water  column  and  gage-glass  on  rarioiui  types  of 
steam  boilers,  kind  of  piping  and  fittings  to  use  in  the 
connections. 

The  method  of  applying  the  various  attachments  re- 
quired for  the  operation  of  a  steam  boiler  is  an  important 
subject.  Safety  is  just  as  dependent  on  the  correct  loca- 
tion and  method  of  connecting  some  of  these  devices,  as 
it  is  on  the  design  and  strength  of  the  boiler  itself. 
However,  the  inexperienced  engineer  often  overlooks  the 
importance  of  the  functions  performed  by  them  and  docs 
not  use  the  caution  in  their  installation  that  he  would,  if 
clue  thought  were  given  the  subject. 

It  is  intended  herein  to  relate  chiefly  to  the  equipment 
af  the  horizon tal-tubr;l a r  type  of  boiler,  but  some  features 
:'onnected  with  the  installation  of  attachments  on  other 
types  will  be  considered.  As  the  true  indication  of  the 
water  level  in  a  boiler,  is  one  of  the  most  important 
features  connected  witli  its  safe  operation,  the  proper 
ipplication  of  devices  used  for  this  purpose  will  be  con- 
sidered first. 

W.VTER  Columns  .vnd  Gage-C'ocks 

Twenty  years  or  more  ago,  and  even  at  the  present 
:ime,  along  some  of  the  principal  navigable  streams  of  the 
;ountry,  where  the  equipment  of  the  stationary  plant  is 
itill  influenced  by  steamboat  practice,  it  is  customary 
;o  dispense  with  a  water  column  and  have  the  gage-cocks 
ocated  directly  on  some  part  of  the  boiler,  for  the  pur- 
3ose  of  determining  the  water  level.  In  some  respects 
;his  is  the  best  kind  of  equipment  for  the  purpose ;  for 
;here  is  no  reason  for  doubting  the  indications  of  gage- 
;ocks  when  located  in  this  manner.  There  are  objection- 
ible  features  to  this  arrangement,  however;  the  principal 
me  of  which  is  that  water  is  discharged  over  the  flue 
)r  tube  ends  and  back  connection  covering,  when  the 
;ocks  are  located  at  the  rear,  or  over  the  boiler  front,  if 
ocated  at  the  furnace  end.  To  obviate  this  difficulty, 
:lie  cocks  are  frequently  attached  to  a  piece  of  pipe,  as 
llustrated  in  Fig.  1,  so  that  the  water  from  the  cock  is 
lischarged  clear  of  the  rear  setting  wall. 

This  arrangement  is  undesirable  on  account  of  two 
'eatures;  the  small  pipes  are  liable  to  be  accidentally 
jroken  off  or  pulled  out,  and  if  the  pipes  happen  to  be 
Iropped  slightly  at  the  end  attached  to  the  gage-cock 
^■ater  of  condensation  will  collect  in  the  pipes  connected 


to  the  steam  space.  If  the  water  level  is  tested  by  giving 
the  gage-cocks  a  quick  twist  or  two,  as  is  customary,  the 
arrangement  is  likely  to  mislead  the  attendant  as  regards 
the  true  water  level  in  the  boiler. 

The  modern  method  of  equipping  a  boiler  for  the 
determination  of  the  water  level  is  by  the  use  of  a 
combination  water  column  and  glass  water-gage,  the  col- 
umn being  usually  provided  with  three  gage-cocks.  This 
device  is  so  extremely  simple  that  it  is  usually  regarded 
as  unnecessary  to  give  much  thought  to  its  installation. 
However,  the  indication  of  the  true  water  level  in  a  boiler 
by  means  of  a  column,  while  simple,  is  a  rather  delicate 
matter,  and  conditions  that  are  seemingly  of  no  conse- 
(pionce  are  liable  to  cause  the  indications  to  be  danger- 
ously inaccurate.  The  indication  of  the  water  level  in  a 
boiler  by  means  of  a  column  is  due  to  the  tendency  of  a 
liquid  to  seek  its  level,  or  come  to  a  uniform  height  in 
all  parts  of  a  vessel  and  its  connections.  It  is  necessarv 
that  the  pressui-e  throughout  be  uniform  for  the  height 
to  lie  the  same  in  all  parts,  and  slight  variations  of 
jiressure  in  the  column  connections  will  render  the  level 
indictated  false.  The  need  for  practically  absolute  uni- 
formity in  pressure  may  be  realized,  when  it  is  considered 
that  a  2-oz.  difference  in  pressure  per  square  inch  mean^ 
a  change  of  level  of  nearly  three  and  a  half  inches;  this 
change  of  level  in  the  horizontal -tubular  type  of  boiler 
might  be  sutficient  to  turn  a  condition  of  safety  into  one 
of  danger. 

Pipe  connections  fron.  the  boiler  to  the  column  should 
be  as  sliort  and  as  direct  as  possible,  and  in  size  not 
less  than  11/4  in.  No  attachments,  except  a  steam-gage, 
should  be  connected  to  the  piping  of  a  water  column; 
and  no  connections  for  supplying  steam  or  water  should 
be  allowed  on  the  water-column  pipes  under  any  pretext. 
The  slightest  flow  of  water  or  steam  in  the  pipes  of  a 
water  column  will  render  its  indications  of  the  water  level 
absolutely  untrustworthy. 

Where  turns  are  necessary  in  the  connecting  pipes  to 
the  water  space  of  the  boiler,  crosses  or  tees  should  be 
used  in  place  of  elbows  and  the  unused  openings  plugged. 
These  plugs  may  be  removed  and  the  pipes  cleared  of 
scale  or  other  foreign  matter  when  the  boiler  is  washed 
out.  Fig.  3  shows  a  water  column  properly  piped  for  a 
horizontal-tubular  boiler  with  the  overhanging-front  type 
of  setting. 

It  is  necessary  to  have  the  piping  from  the  steam  space 
of  the  boiler  to  the  water  column  so  arranged  that  there 
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will  bf  iiu  chiUice  lor  water  poi-kols.  Ji  is  ini'lVniWIr  to 
place  the  piping  so  that  the  condeiisatioii  will  drain 
toward  the  water  column  rather  than  toward  the  boiler, 
since  this  will  tend  to  keep  the  cohimn  and  the  pipes 
connecting  it  to  the  water  space  filled  with  condensation, 
and  thus  assist  in  ]ir('\cntini;'  an  accLinndatioiidF  scale  or 
deposit  in  these  pijics. 

No  valves  shoiild  be  placed  in  ihc  connecting  pipes  to 
a  water  cohnna.  becanse  there  is  too  much  risk  connected 
with  their  nse.  The  only  ri'ason  I'oi-  ])lacing  valves  in 
these  connections  is  to  allow  the  thorough  blowing  out 
of  the  pipes  and  the  possibility  of  dislodging  the  cause 
oT  a  stoppage  by  this  means.  While  this  is  important, 
the  necessity  of  such  violent  cleaning  can  he  obviated,  by 
using  properly  arranged  connections  and  making  periodic 
examinations  to  see  that  they  are  clean  and  free.  A 
proper-sized  blowoft'  connection  to  a  water  column  will 
produce  sufficient  current  in  the  connecting  pipes  to  re- 
move ordinary  obstructions,  notwithstanding  the  absence 
I  A'  valves  on  the  pipes. 

The  danger  in  having  valves  on  the  connecting  pipe.'? 
1(1  a  water  cohimn  is.  that  they  may  either  be  left  clo.sed 
•■iccidentally  or  the  disk  may  hecome  detached  from  the 
\al\c  stem,  causing  a  proper  water  level  to  be  indicated 


on   llicm  by  the  settling  ol'  the  walls  or  flic  cxpajisio)i  of 
the  boiler  under  operation. 

It  is  best  to  use  brass  piping  to  the  water  column,  at 
least  on  the  water  end,  for  this  will  not  corrode  and  st(i|i 
up  as  I'cadily  as  will  iron  pipe.  The  connection  to  i\\r 
steam  snacc  of  the  boiler  will  be  as  serviceable  if  nunlr 
of  iron  as  if  made  of  brass. 

The  blowolf  connection  to  a  water  column  should  be 
the  full  size  of  the  connecting  pipes,  if  they  are  not  over 
11/4  in.  in  diameter.  It  is  usiutlly  best  to  have  the  d'~ 
charge  from  the  blowott  enter  the  ashpit,  but  the  ]n]" 
should  be  securely  fastened  to  the  boiler  front  where  ii 
passes  through  it.  Failure  to  ob.^erve  this  precaution  ha> 
often  resulted  in  injury,  as  the  pipes  are  sometimes  foi-i  i- 
bly  turned  around  on  the  connections,  by  the  reaction 
produced  by  the  sudden  outrush  of  .steam  and  water  when 
blowing  down  the  column. 

Water  columns  are  usually  made  of  cast  iron,  and  about 
all  that  is  required  is  that  they  be  of  suitable  strength 
and  correctly  arranged  for  the  attachment  of  the  water- 
gage  fittings  and  the  gage-cocks.  A  column  should  al>o 
have  ample  cross-sectional  area  to  provide  sufficient  wat(  r 
storage,  so  that  the  indications  of  the  Huctuations  in  tl" 
water  level,  produced  by  ebullition  in  the  boiler,  may  !"■ 
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Fig.  2.  Boilkk  and  Water 

Col.fMN 


Fig.  ;i.  1  MPiioPKifLV  Conxkcted 

Watkh  Col.lM.V 


when  ill  reality  it  i^  \eiv  low.  There  is  no  doubt  but 
thai  a  considerable  number  of  low-water  explosions  could 
be  traced  to  the  use  of  such  valves,  if  honest  testininny 
could  be  obtained  by  those  most  vitally  interested.  No 
engineer,  who  is  lit  to  be  called  such,  would  permit  a 
valve  between  the  boiler  aiul  its  safety  valve,  and  while 
the  case  is  not  exactly  analogous,  it  does  not  appear  any 
more  logical  to  allow  the  use  of  such  a  fitting  between 
the  boiler  and  its  water  column. 

With  a  boiler  in  regular  operation,  a  warning  of  over 
liressure  may  be  expected  from  the  steam-gage,  by  the 
behavior  of  the  engines  or  other  steam-using  apparatus 
or  by  leaks  around  the  boiler  or  piping,  before  an  explo- 
sion actually  occurred.  In  the  ease  of  lack  of  water,  only 
the  possibility  of  detecting  overheating  could  aid  the 
attendant  in  preventing  an  accident ;  and  it  would,  there- 
fore, appear  that  the  safeguarding  of  the  accuracy  of  the 
indications  of  waler  level  in  a  boiler  is  possibly  of  more 
importance  than  the  correct  operation  of  the  safety 
valve. 

When  the  connecting  pipes  of  a  water  column  are  re- 
quired to  pass  through  a  portion  of  the  setting  wall,  as  is 
the  ca.se  with  the  flush-front  type  of  setting  for  horizou- 
tal-tuliular  boilers,  tliere  should  be  amjile  clearance  s|)iico 
left    around   these  Jiipes,  so  that   no  sti-ain  can   be  placed 


lessened.     Home  types  of  boilers  require  longer  columns 
than    others :    for  example,    on  a   large   vertical-tubular 
lioiler  the  water  level  will  fluctuate  through  a  much  wider    ■ 
range  than  on  a  horizontal-tidmlar  boiler.  ' 

A  22-  or  3-1-in.  gage-glass  may  be  found  to  be  b.  -i 
suited  to  the  former,  while  a  12-  or  14-in.  glass  might  '<- 
entirely  satisfactory  for  the  latter  boiler.  Gage-glasses  ^ 
are  easily  broken,  usually  by  sudden  changes  of  tempera-  j 
ture,  caused  by  a  blast  of  cold  air.  Means  must  be  pro- 
vided for  conveniently  installing  new  glasses.  For  this 
purpose,  the  water-gage  fittings  are  always  equipped  with 
valves  which  may  be  closed  to  prevent  the  outrush  nf 
steam  and  hot  water. 

There  are  a  number  of  devices  on  the  market  foi- 
automatically  closing  the  water-gage  connections  when  a 
glass  breaks;  but  these  are  not  infallible  and  are  lialile 
to  produce  false  indications  of  water  level;  their  use  has 
been  wisely  prohibited  by  the  Massachusetts  Boiler  Eulcs 
in  that  .state.  The  most  satisfactory  arrangement  of  shut- 
off  valves  for  the  water-gages  is  to  equip  them  with  chain 
pulls  so  that  tke  valves  may  be  closed  from  the  floor  level 
and  save  the  attendant  the  necessity  of  dodging  a  .stream 
of  steam  and  hot  water,  as  is  the  case  when  these  valves 
must  be  operated  directly  by  hand.  The  chain  pulls  are 
even   of   greater  utility  when   opening  the  valves   after 
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putting  111  a  new  glass,  for  the  operator  is  out  of  range 
of  the  flying  pieces  in  the  event  of  the  glass  breaking. 
It  is  a  dangerous  proceeding  to  put  a  new  glass  under 
pressure  while  the  face  is  in  proximity  to  it,  as  can  be 
attested  by  many  an  unfortunate  who  has  been  injured 
at  such  times.  There  seems  to  be  an  uncontrollable  de- 
sire to  look  directly  at  a  new  gage-glass  when  opening 
the  valves,  to  see  if  it  will  withstand  tlir  pivssuro.  Un- 
less chain  pulls  are  provided  for  (lie  « atcr-gage  valves, 
the  attendant,  should  protect  his  face  with  a  shield  of 
metal  or  wood,  or  close-woven  gauze  or  heavy  glass,  if 
the  desire  to  see  can  not  be  overcome.  The  bottom  valve 
admitting  water  should  be   opened    first:   afterward   the 

'  steam  valve,  very  slowly,  until  equilibrium  has  been  estab- 
lished, after  which  this  valve  can  be  opened  wide. 

,  There  are  a  variety  of  good  gage-cocks  made,  the  writer 
preferring  the  type  that  is  closed  by  a  weighted  lever 
proxided  with  a  piece  of  sheet  packing  which  may  be 
easily  renewed  as  required. 

Ldcation  of  Watek  Columx  axd  (jagh-Glass 

A  water  column  should  always  be  located  so  that  it 
will  cease  to  indicate  the  water  level  before  a  point  of 
danger  has  been  reached.     This  moans  that  all  surfaces 


of  water  above  tiicm  when  there  is  1/2  in-  in  the  gage- 
glass.  As  an  actual  ra<l,  llicro  are  several  inches  of  water 
above  the  rear  tube  eiid,^  under  the  above  conditions  of 
water  level  when  the  boiler  is  in  operation,  due  to  the 
violent  ebullition  produced  under  running  conditions. 

The  exact  location  i>\'  ilw  safe  water  line  in  the  usual 
type  of  vertical-tubular  bciiler  can  not  be  stated,  for  it 
dejiends  to  a  large  extent  on  the  amount  of  grate  area 
c<imiiarcd  with  the  heating  surface,  and  also  the  draft 
available  for  burning  the  fuel.  For  ordinary  boilers  of 
this  type,  which  are  usually  of  small  capacity,  tlie  limit 
established  by  the  Massachusetts  rules  for  the  minimum 
height  of  water  line,  viz.,  one-third  of  the  tube  lengtli 
above  the  crown  sheet,  is  probably  safe.  This  covild  hardly 
be  considered  safe,  however,  for  large  vertical-tubular 
boilers  of  the  Manning  type,  containing  relatively  large 
grate  areas  and  long  lubes,  and  dftcii  equipped  with 
forced-draft  appliances  or  sinkers. 

For  such  boilers,  probalily  1\\ o-lliirds  <ii'  the  tuli" 
length  above  the  crown  sliect  wnuld  he  rcipiircd  to  fur- 
nish sufficient  heating  surface  tn  nMJuic  llu^  tcnipciaturc 
of  the  gases  to  a  point  which  wcuihl  noi  Ix'  likdy  lo 
overheat  the  portion  of  the  uppi'r  tube  ends  that  arc 
protected  only  by  the   steam.     The  safe  water  level    lor 
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Fig.  5.  ANOTHEii  Water- 
Column  Connection 


Fig.    6.   Float   Water-Level 
Indicatok 


swept  liy  flames  or  highly  heated  gases  should  he  pro- 
tected on  the  inside  surfaces  by  water,  as  long  as  the 
water-glass  or  gage-cocks  give  indications  of  its  presence. 
A  common  and  safe  rule  for  locating  the  water  column 
ou  a  horizontal-tubular  boiler  is,  to  have  the  lowest  point 
of  vision  in  the  gage-glass  about  one-half  inch  above  the 
upper  side  of  the  top  row  of  tubes,  and  the  lowest  gage- 
cock  about  three  inches  above  the  same  point.  When 
taking  measurements  for  the  location  of  the  water  column 
with  respect  to  the  tubes,  it  is  necessary  to  see  that  the 
tubes  are  level  across  the  Iwiler  at  both  ends,  and  if  not, 
suitable  allowance. should  be  made  in  locating  the  column, 
so  that  the  highest  exposed  point  will  be  piHDtected. 

The  brick  walls  on  the  side  of  a  horizontal-tubular 
boiler  are  generally  closed  in  along  the  shell,  considerably 
below  the  top  line  of  tubes,  and  the  rear  head  and  tube 
ends  are  usually  the  first  points  where  the  effects  of  low 
water  are  felt.  While  a  water  level  at  a  point  as  low 
as  y2-in.  above  the  tops  of  the  tubes  would  appear  as 
hazardous,  it  is  not  as  close  to  the  danger  line  as  it  would 
seem.  In  the  first  place,  this  type  of  boiler  should  be- 
set with  the  rear  end  about  1  in.  lower  than  at  the  front, 
and  since  the  rear  u])]ier  tube  ends  are  one  of  the  first 
pniiits  to  require   ])rotection ;  this   makes   about   IV2    in. 


the  various  types  of  water-tube  boilers  may  be  determined 
by  bearing  in  mind  the  general  principle  that  surfaces 
opposite  those  exposed  to  highly  heated  gases  must  be  in 
contact  with  the  contained  .water. 

Care  must  be  used  in  selecting  a  point  to  make  the 
water  connection  to  a  column  on  a  water-tube  boiler,  lo 
guard  against  false  indications  being  .shown.  Eapid  cur- 
rents produced  by  the  circulation  at  some  of  the  most 
accessible  points  for  making  such  coniu'ctions,  might  seri- 
ously affect  the  correctness  of  the  iiidicaiioiis. 

Ill  some  types  of  boilers  it  is  conmiou  pi-actit'c  to  ex- 
tend an  internal  pipe  to  a  point  where  the  steam  has 
been  completel_v  liberated  1'roin  the  water,  in  cn-der  to 
secure  a  true  indication  of  tliv  water  level. 

It  is  a  common  idea  that  the  jjressures  in  all  parts  of 
a  boiler  are  equal,  except  for  the  differences  in  pressure 
due  to  the  depth  below  the  water  line  at  any  point. 
While  til  is  is  perfectly  correct,  as  long  as  the  water  is 
in  a  quiescent  .state,  it  is  not  true  under  operating  con- 
ditions. The  violent  circulation  of  the  water  in  a  boiler, 
which  can  not  be  properly  appreciated,  until  its  abilily 
to  move  loose  metal  parts  is  noted,  is  directly  due  io 
differences  of  pressui-e  in  the  various  parts.  These  dif- 
ferences  in   prcssui'c    ai'c    pi-oiluced    hy    the    difFereiicc    in 
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specific  gravity  of  the  contents  at  various  points,  caused 
by  the  variations  iu  the  amount  of  steam  hubbies  mixed 
with  the  water  at  such  points. 

While  the  difl'erences  in  pressure  produced  by  tliis 
means  may  be  insignificant  when  compared  with  the  total 
pressure  carried,  they  are  very  real  and  effective  in  caus- 
ing incorrect  indications  of  water  level,  which  may  be- 
come dangerous  with  a  change  of  a  few  inches.  To 
illustrate,  suppose  that  the  water  connections  to  a  water 
column  on  a  Heine  or  a  boiler  of  similar  type,  should 
be  made  at  the  center  of  the  front  header  as  illustrated 
iu  Fig.  3,  and  that  the  distance  from  the  water  line  to 
the  point  of  connection  was  5  ft.,  as  shown.  Also  assume, 
for  the  purpose  of  illustration,  that  this  boiler  was  operat- 
ing at  a  rate  that  would  cause  the  contents  of  the  header 
and  throat  connection  immediately  above  it  and  up  to  the 
water  line,  to  be  one-half  steam  bubbles,  the  weight  of 
which  can  be  assumed  as  nothing,  as  compared  with  that 
of  an  equal  volume  of  water. 

Under  these  conditions,  when  the  true  waterliue  was 
at  the  center  of  the  drum,  as  illustrated,  the  water  level 
in  the  connecting  pipe  to  the  column  would  be  at  some 
point  as  at  A,  where  the  weight  of  the  solid  water  iu  the 
pipe  would  just  balance  the  pressure  at  the  point  of 
connection  to  the  header  B.  Of  course,  there  are  many 
other  factors  that  would  affect  the  level  of  the  water 
in  the  column  pipe,  such  as,  the  discharge  from  a  tube 
near  B;  or  the  velocity  of  the  current  up  the  header 
and  the  consequent  frictional  resistance  to  be  overcome. 
The  arrangement  of  the  end  of  the  pipe  at  B  with  re- 
spect to  the  currents  flowing  up  the  header  would  also 
have  considerable  influence  on  the  indication  of  water 
level  in  the  column  connections,  but  it  can  be  seen  that 
a  column,  connected  to  this  kind  of  boiler  in  the  manner 
described,  could  not  possibly  indicate  the  correct  water 
level  while  the  boiler  was  in  operation  under  the  assumed 
conditions. 

Other  things  being  equal,  the  best  arrangement  for  the 
connections  of  a  water  column  to  a  boiler,  especially  if 
it  is  of  the  water-tube  type,  is  to  have  the  water  connec- 
tion reasonably  near  the  waterline-,  for  theu  the  differ- 
ences between  the  density  of  the  water  in  the  column 
connections  and  in  the  boiler  will  have  the  least  effect 
on  the  indications  shown  by  the  column.  In  the  Babcock 
&  Wilcox  type  boiler,  where  there  is  a  considerable  over- 
hang of  the  front  drum  ends  beyond  the  header  nipples, 
a  connection  directly  on  the  steam-drum  head  is  satis- 
factory. Such  a  connection  is  illustrated  in  Fig.  4. 
In  the  Edgemoor  type  of  water-tube  boiler  it  is  generally 
necessary  to  connect  an  internal  pipe  to  the  water  connec- 
tion to  the  column,  as  shown  in  Fig.  5.  to  prevent  inter- 
ference with  the  indications  by  the  circulation.  In  either 
case  of  the  two  types  just  mentioned,  a  water  column 
connected  at  the  rear  end  of  the  boiler  would  probably 
be  more  satisfactory,  if  it  were  not  for  the  fact  that  it 
could  not  be  readily  seen  by  the  firemen.  The  waterliue 
under  operating  conditions,  if  no  baffle-plates  were  used, 
is  probably  about  as  illustrated  in  Figs.  4  and  5  for  the 
Babcock  &  Wilcox  and  Edgemoor  tj-pe  of  boilers. 

A  water  column  should  be  blown  down  at  least  twice  a 
day,  to  remove  any  sediment  that  may  have  lodged  in  the 
pipes,  and  to  test  the  freedom  of  the  connections  by 
noting  how  rapidly  the  water  returns  to  its  original 
height  in  the  gage-glass.  When  the  connections  to  a 
column  are  free,  and  of  ample  size,  there  will  be  a  con- 


stant movement  of  the  water  noted  in  the  glass  during 
operation.  This  movement  is  caused  by  the  disturbance 
of  the  water  level  in  the  boiler  produced  by  the  liberation 
of  steam,  and  this  movement  can  also  be  used  as  a  checl. 
against  possible  stojipage  of  the  column  connections  ni 
tlio.se  to  the  gage-glass:  a  quiet  waterline  should  be  lookr.l 
on  with  suspicion. 

When  installing  a  water  column  on  a  horizontal-tubu- 
lar boiler,  the  positions  that  the  flue  doors  occupy  when 
open  must  be  noted.  If  the  water  column  can  not  be 
located  in  a  proper  position  without  interference  by  tluM' 
doors,  suitable  stops  should  be  provided,  to  prevent  tln' 
doors  from  striking  the  columns  when  opened.  It  .should 
be  remembered  that  a  water  column  is  a  most  important 
attachment  and  it  must  be  placed  in  a  location  where  it 
can  be  readily  seen  from  practically  every  point  on  the 
firing  floor,  and  if  the  boiler  room  is  at  all  dark,  a  light 
should  be  placed  so  that  no  mistake  iu  reading  the  intli- 
cations  of  the  column  can  be  made.  The  gage-glass 
should  be  kept  clean,  as  a  soiled  section  is  liable  to  be 
mistaken  for  an  indication  of  water. 

There  have  been  other  devices  for  indicating  the  water 
level  in  a  boiler,  besides  gage-cocks,  and  viewing  the 
waterline  through  a  gage-glass ;  but  none  of  these  attach- 
ments have  proved  very  satisfactory.  A  number  of  years 
ago  a  float  arrangement,  as  illustrated  iu  Fig.  6,  was 
used  to  some  extent,  but  owing  to  numerous  difficulties 
connected  with  its  operation,  it  could  not  be  depended  on 
for  correct  indications  of  water  level.  It  was  practically 
impossible  to  maintain  in  good  order  the  stufling-i)ox 
where  the  rod  passed  through  the  shell,  so  that  it  would 
be  tight  and  at  the  same  time  free  enough  to  permit  of 
its  being  actuated  by  the  weight  of  the  float.  There  was 
also  considerable  difficulty  in  obtaining  floats  of  sufficient 
strength  to  prevent  collapse,  without  their  being  too  heavy 
for  the  purpose.  This  apparatus,  even  when  working  at 
its  best,  could  not  give  a  true  indication  of  the  water 
line.  The  quadrant  over  which  the  indicating  hand 
moved  was  graduated  in  inches  and  half  inches. 

Wydawake  Damper  Regulator 

This  very  simple  regulator  has  but  three  main  parts, 
the  cylinder  with  its  piston,  the  diaphragm  and  the  re- 
lief valve.  The  regulator  is  mounted  on  a  heavy  cast- 
iron  base  and  the  cylinder  is  of  brass  fitted  with  a  piston 
and  leather  cap.  There  are  two  sets  of  weights,  one  for 
the  main  adjustment,  the  other  for  the  fine  adjustment. 
The  apparatus  is  illustrated  herewith. 

In  operation  the  steam  acts  on  the  diaphragm  A.  With 
the  steam  at  the  normal  pressure  the  piston  B  will  be  at 
the  bottom  of  the  cylinder.  When  the  steam  pressure 
decreases  under  the  diaphragm  the  main  lever  drops  and 
carries  the  ai-m  D  with  it,  which  action  closes  the  water- 
relief  valve  E.  This  causes  the  water  pressure  to  force 
the  piston  B  toward  the  top  of  the  cylinder,  which  opens 
the  damper. 

As  the  piston  approaches  the  end  of  its  stroke,  it  pulls 
the  chain  F  taut,  which  lifts  the  short  lever  end  G,  and 
slightly  opens  the  relief  valve  E,  releasing  the  pres- 
sure under  the  piston  B,  which  is  held  in  its  position  un- 
til the  steam  pressure  has  reached  normal  at  which  the 
regulator  is  adju.sted. 

When  normal  steam  pressure  has  been  reached  tlic  jires- 
sure  on  the  diaphragm  lifts  the  main  lever  which  action 
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operates  the  relief  valve  and  releases  the  water  pressure 
in  the  cylinder,  and  the  piston  descends,  due  to  the 
Aveights  on  it,  and  closes  the  damper. 


Details  of  Wydawake  Dampeu  Regulatoiv 

The  water  supply  to  this  regulator,  which  is  made  by 
the  L.  J.  Wing  Manufacturing  Co.,  352  West  Thirteenth 
St.,  New  York  City,  is  controlled  by  the  screw  H.  The 
(inly  other  adjustment  is  at  the  screw  J,  which  controls 
the  lift  of  the  main  lever. 

Experience  with  a  COo     Recorder 

By  Hexry  R.  Blessixg 

Before  a  CO^  recorder  was  installed  in  my  plant  1 
used  to  make  practical  observations  which,  while  proving 
satisfactory,  as  far  as  making  steam  was  concerned,  were 
doubtless  not  productive  of  very  high  economy.  The 
water-tube  boilers  are  fitted  with  vertical  baffles — the  last 
pass  is  down,  and  there  are  four  passes.  The  furnaces 
are  mechanically  fired,  and  front-feed  inclined  grates  are 
used. 

Before  the  COo  recorder  was  set  up,  I  made  observa- 
tions of  the  fire  to  ascertain  the  condition  for  steaming. 
1  had  read  that  a  white,  dazzling  color  is  the  hottest,  but 
it  was  not  the  most  economical  in  my  case,  as  a  light- 
orange  color  gave  the  best  results.  My  explanation  is 
that  the  dazzling  flame  carried  with  it  an  excess  of  air, 
the  first  pass  receiving  most  of  the  heat,  and  with  the 
infiltration  of  air  through  the  setting,  the  gases  in  the 
last  pass  were  too  cool  to  produce  good  results. 

I  also  found  that  a  light  fire  would  give  a  white, 
dazzling  color  in  the  furnace.  All  that  was  visible  in 
the  upper  part  of  the  first  pass  was  the  reflection  from 
the  furnace  below,  and  nothing  seemed  to  go  over  the 
baffle  into  the  second  pass.  With  a  fire  thick  enough 
to  produce  a  light-orange  color  in  the  furnace  a  longer 
flame  was  obtained,  which  could  be  seen  going  over  the 
top  of  the  baffle  and  part  way  down  the  second  pass. 

With  this  condition  steam  could  be  held  better,  which 
convinced  me  that  the  light-orange  color  was  best  suited 
for  existing  conditions.  When  the  COo  recorder  was  in- 
stalled I  expected  to  see  a  high  per  cent,  of  ('0„,  but  the 


highest  obtained  was  3  per  cent.  Then  I  blamed  the 
machine  which  recorded  CO^  only,  but  after  testing,  it 
was  found  correct. 

The  sampling  pipe  was  then  changed,  entering  the 
rear  setting  in  and  terminating  over  a  division  wall  to 
the  dampers.  A  tee  was  screwed  on  the  end  of  the  old 
pipe  and  a  piece  of  perforated  pipe  screwed  in  each 
branch  having  a  plug  at  each  end;  thus  the  sample  was 
drawn  from  the  full  width  of  the  last  pass. 

After  this  change  an  increase  in  the  percentage  of 
CO^  was  obtained,  but  not  what  was  expected.  Every 
crack  was  stopped  up,  no  matter  how  small,  in  the  set- 
ting, around  the  furnace  floor  frames  and  wherever  air 
might  leak  in,  after  which  10  per  cent.  CO,  was  obtained, 
but  no  matter  what  was  done  this  was  the  most  that 
could  be  had,  often  less. 

Later,  while  watching  the  machine  record  some  sam- 
ples, the  needle  registered  15  per  cent.  CO^  and  stayed 
there  until  it  unloaded,  thus  recording  on  the  chart  the 
highest  per  cent,  yet  obtained.  The  recorder  is  in  a 
separate  room  and,  going  to  the  boiler  room,  I  found  the 
man  who  cleaned  the  tubes  had  the  tube  blower  stuck  in 
the  lower  hole  in  the  first  pass  just  over  the  furnace 
and  in  line  with  the  combustion  arch. 

Here  was  a  problem  to  solve.  Before  the  CO,  machine 
was  installed  I  had  to  increase  the  thickness  of  the  fire 
to  prevent  too  much  air  passing  through  the  grates,  and 
now  the  tube  blower  showed  that  more  air  was  needed. 
It  appears  that  before  the  use  of  the  CO,  recorder  enough 
air  leaked  into  the  furnace  to  satisfy  combustion.  After 
the  cracks  were  stopped  up  all  air  had  to  pass  through 
the  grate,  the  air  spaces  in  which  were  found  badly  clin- 
kered,    thus    retarding   the    air    supply    to   the   furnace. 

This  suggested  admitting  more  air  in  front  of  and 
over  the  coking  plate  and  mixing  the  air  with  the  gas 
before  it  came  in  contact  with  the  combustion  arch,  the 
amount  of  air  to  be  regulated  to  suit  the  conditions  of 
the  grate  and  the  kind  of  coal  burned. 

Control  of  Furnace  Draft 

By    EvKKAIiD   BitOWN 

The  efficiency  of  a  boiler  and  consequently  its  economi- 
cal operation,  depends  upon  the  right  proportion  of  air 
admitted  to  the  furnace,  or,  in  other  words,  upon  a 
proper  draft. 

For  the  purpose  of  such  draft  regulation  the  damper 
is  used  in  connection  with  natural-draft  systems,  and 
while  it  may  not  be  quite  as  eft'ective  as  some  other 
means  of  regulation,  it  will,  if  properly  handled,  make 
for  better  furnace  operation  and  fuel  reduction. 

For  example,  if  the  boilers  do  not  have  a  full  load,  the 
dampers  may  be  partially  closed,  Jhus  reducing  the  in- 
tensity of  the  draft  and  diminishing  the  rate  of  com- 
bustion of  fuel  on  the  grates.  If  they  are  subjected  to 
a  fluctuating  load,  the  dampers,  when  attached  to  regu- 
lators, will  automatically  close  as  the  demand  for  steam 
decreases  and  the  steam  pressure  increases,  thus  prevent- 
ing the  boiler  safety  valves  from  blowing.  If  the  load 
is  constant  and  the  grate  area  is  in  proportion  to  this 
load,  the  damper  becomes  of  less  importance. 

Dampers  are  usually  located  in  the  uptake  flue  and  are 
sometimes  arranged  to  regulate  the  admission  of  air 
below   the   grates.     Two  dampers,  one   in   the   flue   and 
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ic  m  till'  iislipii.  lni\\L-\<-i'.  will  probal)ly  give  the  best 
mtrol,  as  the  former  will  regulate  the  adiiiissiou  of  air 
rev  the  fire  or  through  the  door  grids,  in  haud-(ired 
)ilers,,  and  the  latter  will  control  the  passage  of  air 
irough  the  fuel  bed.  Many  careful  firemen,  for  exaiii- 
e,  will  partially  close  the  ashpit  dampers  after  firing,  so 
lat,  if  uecesssary,  the  flow  of  air  through  the  door  grids 
ill  be  increa.scd.  These  two  dampers  should  give  per- 
ct  control  over  the  combustion,  providing  there  is  always 
ifficieut  stack  draft,  and  their  proper  handling  sliould 
duce  the  amount  of  smoke  and  coal  bills  to  a  minimum. 

For  individual  control  and  operation  in  a  plant  of  two 
■  more  boilers,  each  should  be  equipped  with  a  draft- 
gulating  damper.  This  will  permit  of  pushing  any 
)iler  that  might  lag  behind  the  others  and  in  this  way 
't  the  most  out  each  individual  boiler.  Where  there  are 
itomatic  nonreturn  valves  on  each  boiler,  however,  this 

rather  ditficnlt,  because  the  damper  will  automatically 
leu  when  the  pressure  goes  down,  and  for  the  same  ren- 
in the  vafve  will  close:  thus  they  tend  to  oppose  each 
her. 

The  usual  procedure  in  such  instances  is  to  connect 
le  damper  regulator  to  the' main  steam  line  or  to  the 
aiu  header,  which  results  in  the  loss  of  the  individual 
)iler-control  feature  that  would  otherwise  obtain  and 
hich  is  always  desirable. 


Fairbanks  Renewable  Seat  Valves 

Although  iron-body  and  brass-body  gate  valves  have 
?eu  put  on  the  market  for  some  time  by  the  Fairbanks 
0.,  416  Broome  St.,  Xew  York  City,  the  renewable  seat- 
ng  feature  is  new. 


Fig.  1. 


Si:al'  Ring  foe  REiiovABLK 
Gate  Valve 


Ilaix-BOIIY 


The  renewable  seat  ring.  Fig.  1,  is  made  of  bronze  and 
;  held  in  the  body  casting  by  specially  constructed  cut 
ireads  and  lock  in  place  similar  to  a  gun  breach  lilock. 
'he  seats  can  be  changed  by  the  use  of  a  wrench.  The 
iat  rings  engage  with  the  bronze  face  of  a  double-taper 
ilid  wedge,  and  pressure  may  be  applied  to  either  side 
f  the  valve. 

A  view  of  the  renewable  iron-liody  gale  vahe  is  shown 
1  Fig.  'i.  The  seat-ring  feature  permits  of  expansion 
nd  eoutraction. 


In  Fig.  3  is  shown  a  iihantom  xiew  of  llie  renewable- 
seat  brass  gate  valve.  The  seat  rings  are  separate  pieces, 
engaging  in  a  recess  cut  in  the  lower  jjortion  of  the  valve 
body  and  held  in  place  by  a  saddle,  machined  to  fit  OD  the 


Fig.  2.   Ee.movable  Kim 


iN-fiuiiY  Gate  Valve 


Fig.  .3.    PHAyTOM   \ii;\v  oe  Hi;a.- 


Vai.ve 


upper  surface  of  the  rings :  the  saddle  is  held  firmly  to 
its  position  by  a  locking  ring  screwed  into  the  body 
thread.  Both  types  of  valves  are  made  in  stationary  and 
rising-sjiindle  types. 
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Transformer  Characteristics — II 

By  EnwAiii)  T.  Muokio 

P^FFIOIENt'V 

Tlie  efficiency  is  the  rntio  of  the  output  to  the  output 
plus  the  losses,  and  if  for  each  load  the  losses  are  known, 
the  efficiency  is  easily  determinable.  The  core  losses 
■which  depend  u])on  the  density  of  magnetism  are  constant 
for  a  constant  internal  electromotive  force,  but,  except 
for  capacity  loads,  decrease  to  a  negligible  extent  as  the 
transformer  is  loaded.  Hysteresis  loss  can  he  reduced 
only  by  decreasing  either  the  density  of  magnetism  or  the 
volume  of  the  core,  both  of  which  decreases  soon  reach  a 
limit  ill  any  practical  transformer.  The  loss  due  to  the 
eddy  currents  varies  as  the  square  of  the  thickness  of  the 
laminations.  These  laminations  are  coated  with  ''jai)an" 
or  varnish,  which  serves  to  insulate  the  individual  sheets 
sufficiently  to  jirevent  a  cross-c-urrent  hetween  them.  As 
the  insulation  and  the  normal  coating  of  oxide  require 
an  appreciable  portion  of  the  total  space  when  the  lamina- 
tions are  very  thin,  the  space  area  for  active  lines  is  re- 
duced in  a  given  cross-section,  so  that  for  a  constant 
number  of  lines  through  the  core,  the  actual  magnetic 
density  is  increased  by  the  presence  of  insulation  when 
the  laminations  are  subdivided.  Modern  practice  has  al- 
most accepted  ll  mils  as  standard  thickness  for  trans- 
former plates,  for  60  cycles,  while  for  35  cycles  thicker 
sheets  are  frequently  employed. 

For  a  given  transformer  the  copper  loss  depends  en- 
tirely upon  the  current  in  the  primary  and  secondary 
coils.  Since  to  transmit  energy  at  a  given  rate  requires 
a  larger  current  wlien  the  power  factor  is  low  than  when 
high,  energy  can  be  most  efficiently  transmitted  by  the 
transformers  when  the  power  factor  is  unity,  or  100  per 
cent. 

Assuming  a  constant  internal  electromotive  force  at 
all  loads,  the  total  transformer  loss  is  made  up  of  a  con- 
stant loss  and  a  loss  varying  as  the  square  of  the  cur- 
rents. With  noninductive  load,  the  increase  of  copper 
loss  with  load  is  almost  independent  of  the  exciting  cur- 
rent which  may  he  considered  as  producing  merely  an  ad- 
ditional core  loss  at  all  loads.  The  efficiency  will,  there- 
fore, be  a  maximum  for  that  load  at  which  the  variable 
losses  equal  the  constant  losses.  Transformers  designed 
to  operate  continuously  at  full  load  usually  have  the  point 
of  maximum  efficiency  occur  at  that  load.  For  many 
systems,  the  transformers  must  operate  the  larger  part 
of  the  time  on  light  loads  and  reach  full  or  overload  for 
only  a  relatively  small  time,  for  which  service,  the  core 
loss  is  the  determining  element  for  the  efficiency,  while 
the  copper  loss  is  of  relatively  small  moment.  For  other 
systems,  the  regulation  is  of  prime  importance,  so  that 
the  copper  loss  is  the  determining  element. 

TKMI'ER.\TLinE    RiSE 

The  loss  in  a  transformer  appears  as  heat  in  the  wind- 


ings and  core,  wbich  mu.st  be  dissipated  as  fast  as  gen- 
erated in  order  to  prevent  excessive  rise  in  temperature. 
In  small  transformers,  the  heat  is  dissipated  sufficiently 
by  radiation  and  convection  in  the  surrounding  air,  but 
as  the  rating  increases,  the  surface  increases  more  slowly, 
so  that  large  transformers  if  cooled  by  air  alone  would 
become  much  warmer  than  small  ones.  Therefore,  it  is 
necessary  to  supply  some  auxiliary  cooling  medium,  and 
for  this  purpose,  oil  has  been  found  well  adapted,  while 
its  excellent  insulating  and  puncture-repairing  qualities 
render  its  adoption  further  desirable.  When  necessary, 
the  oil  is  further  cooled  by  the  circulation  of  water  in 
pipes  immersed  in  the  oil,  oi'  the  oil  is  pumped  from 
the  transformer  and  cooled  before  being  returned  to  it. 
Another  common  method  of  artiiicially  cooling  trans- 
formers is  by  means  of  a  blast  of  air  directed  so  that  it 
will  pass  through  ducts  between  the  section  of  the  core 
and  the  subdivision  of  the  coils,  and  between  the  coils 
and  core. 

Since  the  specific  heat  of  the  air  is  0. 2:57.5  and  air 
weighs  0.0807  lb.  per  cu.ft.,  there  is  required  0.01915 
B.t.u.  to  raise  the  tem])orature  of  1  lb.  of  air  1  dcg.  F.,  or 
0.0345  B.t.u.  to  ciiange  the  temperature  of  1  cu.ft.  of 
air  1  deg.  C.  Since  1  kw.  of  power  represents  a  trans- 
fer of  56.9  B.t.u.  of  energy  per  minute,  each  kilowatt 
of  loss  would  require  1650  cu.ft.  of  air  per  minute  to  hold 
the  temperature  rise  at  1  deg.  C.  Experience  has  shown 
that  for  most  installations,  a  temperature  rise  of  15  deg. 
C.  between  the  entering  and  leaving  air  is  permissible. 
Therefore,  in  operating  the  air  blast  without  the  aid  of 
direct  radiation,  there  would  be  required  for  each  kilowatt 
of  loss,  110  cu.ft.  of  air  per  minute.  It  is  customary, 
however,  to  allow  150  cu.ft.  of  cooling  air  per  minute  for 
each  kilowatt  loss.  The  required  amount  for  any  trans- 
former can  be  easily  calculated  from  the  efficiencies.  For 
instance,  a  500-kv-a.  transformer  having  a  full-load  effi- 
ciency of  98.2  per  cent,  would  have  a  loss  of  1.8  per  cent., 
or  9  kw. ;  hence  would  require  9  X  150  =  1350  cu.ft.  of 
air  per  min.  In  specifying  a  blower  set  for  a  group  of 
transformers,  it  is  advisable  to  calculate  the  amount  of 
air  required  by  the  transformer  at  125  per  cent,  load, 
and  to  add  about  5  per  cent,  to  this  calculated  amount  to 
allow  for  leakage  in  the  air  chamber  and  passages.  The 
pressure  at  which  the  air  should  be  supplied  to  the  trans- 
formers depends  on  the  size,  voltage  and  frequency,  as 
the  lengths  and  therefore  the  resistance  of^he  ventilating 
ducts  depend  on  these  values;  the  pressure,  however,  will 
not  ordinarily  vary  between  the  limits  of  i/^  oz.  and  li/i> 
ounces. 

For  water-cooled  transformers,  the  cooling  pipes  are 
made  without  any  seam  or  joint  within  the  tank,  and  they 
are  kept  wholly  below  the  upper  surface  of  the  oil  in  the 
tank.  The  tubing  is  usually  from  1  to  2  in.  in  diameter, 
the  length  depending  upon  the  amount  of  heat  to  be  car- 
ried away  and  the  difference  in  temperature  between  the 
oil  and  the  water.  The  cooling  surface  of  the  pipes  re- 
(ptired  will  depend  also  upon  the  amount  of  heat  which 
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external  surface  of  the  core  will  dissipate,  but  it  may 
tated  that  the  surface  of  the  pipes  iu  contact  with 
Dil  varies  from  0.5  to  1.3  sq.iu.  per  watt  of  total  trans- 
ler  loss.  The  amount  of  water  required  depends  on 
difference  in  temperature  of  the  incoming  and  out- 
g  water.  Each  kilowatt-minute  of  energy  to  be  car- 
away represents  56.9  B.t.u.,  or  56.9  lb.  of  water 
id  in  temperature  1  deg.  F.  For  a  temperature  rise  ■ 
4  deg.  C.  in  the  water,  there  would  be  required  1.32 
if  water  per  minute  per  kilowatt  of  loss.  Estimating 
weight  of  water  as  8.30  lb.  per  gal.,  each  kilowatt  of 
would  require  each  minute  0.158  gal.  of  water 
iged  in  temperature  21  deg.  C.  For  instance,  a  500- 
1.  transformer  having  a  full-load  efficiency  of  98.2 
cent,  would  have  a  loss  of  1.8  per  cent.,  or  9  kw.,  and 
would  require  9  X  0.158  =  1.42  gal.  of  water  per 
ute. 

ransformers  cooled  by  forced-oil  circulation  are  used 
large  extent  for  largo  units  above,  say,  1000  kv.-a. 
heated  oil  is  pumi)cd  from  the  top  of  the  transformer 
the  cooled  oil  is  forced  to  enter  the  ducts  in  the 
sformer  windings  and  core  at  the  bottom.  For  the 
5ose  of  directing  the  course  of  the  cold  oil,  the  lower 
of  the  transformer  is  inclosed  and  the  only  outlet  for 
oil  is  upward  through  the  ducts.  The  rate  of  circula- 
is  limited  solely  by  the  ability  of  the  pump  to  move 
oil.  The  saving  in  cost  of  the  complete  transformer 
pment  when  forced-oil  circulation  is  substituted  for 
ed-water  circulation  may  be  as  high  as  25  per  cent. 
10,000  kv.-a.  units,  but  it  practically  disappears  for 
s  as  small  as  1000  kv.-a. 

Regulation 

egulation  is  the  percentage  increase  in  the  secondary 
age  of  the  transformer  as  the  load  is  decreased  from 
lormal  value  to  zero,  the  primary  voltage  being  held 
staut  at  the  normal  value.  It  is  usual  to  assume  in 
:ing  a  test  that  a  transformer  will  be  operated  at  a 
:y  power  factor.     Such,  however,  is  not  always  the 

and  to  cover  all  conditions,  it  should  be  noted  that 
losses  depend  upon  the  volt-amperes,  quite  independ- 

of  the  power  factor.  Thus,  at  75  per  cent,  power 
or  the  losses  are  the  same  at  75  per  cent,  load  as  they 
Id  have  been  at  100  per  cent,  load  for  100  per  cent, 
er  factor.  Moreover,  the  regulation  depends  very 
;ely  upon  the  power  factor;  it  is  much  worse  at  75 

cent,  load  and  75  per  cent,  power  factor  than  it  is  at 

per  cent,  power  factor  and  100  per  cent.  load.  There- 
(,  in  making  a  full-load  test  of  a  transformer,  it  is  de- 
ble,  and  in  many  cases  necessary,  to  duplicate  the 
lal  conditions  under  which  the  transformer  is  to  op- 
:e. 

Frequency 

my  60-cycle  transformer  can  be  operated  at  a  higher 
}uency  and  at  the  same  voltage  with  a  slight  decrease 
:he  iron  loss  and  a  corresponding  improvement  in  the 
;iency.  The  relative  change  in  the  iron  loss  of  a  trans- 
mer  as  the  frequency  is  varied  is  shown  by  the  curve 
Fig.  8. 

Uthough  for  a  constant  impressed  electromotive  force, 
iron  loss  increases  as  the  frequency  is  lowered,  it  is 
sible  to  operate  any  60-cycle  transformer  at  a  much 
er  freqiiency  without  any  increase  in  iron  loss  by  de- 
asing  the  voltage  slightly.     With  constant  impressed 


electromotive  force,  the  eddy-current  loss  is  independent 
of  the  frequency,  while  the  hysteresis  loss  varies  inversely 
as  the  0.6  power  of  the  frequency.  At  constant  frequency, 
the  hysteresis  loss  varies  as  the  1.6  power  and  the  eddy- 
current  loss  as  the  second  power  of  tiie  electromotive 
force. 

Neglecting  the  change  in  eddy-current  loss  with  a 
change  in  the  voltage,  the  voltage  for  constant  iron  loss 
varies  as  the  three-eighths  power  of  the  frequency.  That 
is,  if  when  the  frequency  is  doubled  the  voltage  is  in- 
creased by  29.7  per  cent.,  the  iron  loss  is  not  altered  and 
the  hysteresis  loss  is  the  same,  but  the  eddy-current  loss 
increases  by  29.7  per  cent.  Likewise,  when  the  fre- 
quency is  lowered  by  50  per  cent,  the  electromotive  force 
is  decreased  by  22.9  per  cent,  the  iron  loss  is  unchanged 
and  the  hysteresis  Loss  is  the  same,  but  the  eddy-current 
loss  is  decreased  by  22.9  per  cent.  Thus,  a  2200-volt,. 
60-cycle  transformer  can  be  operated  at  about  2850  volts 
at  120  cycles,  or  at  about  1700  volts  at  30  cycles,  without 
any  appreciable  change  in  the  iron  loss.  It  is  to  be  noted, 
however,  that  the  transformer  must  be  provided  with  ad- 
ditional high-tension  taps  for  these  percentages  above 
and  below  normal  voltage,  as  standard  transformers  are 
generally  supplied  only  with  high-tension  taps  for  ap- 
proximately 3,  6  and  9  per  cent,  below  normal  operating- 
voltage. 

A  25-cycle  transformer  operating  on  a  60-cycle  circuit 
will  have  its  regulation  impaired  somewhat  and  if  the 
load  is  composed  of  induction  motors,  their  torque  will 
be  reduced.     This  difficulty,  however,  is  not  so  serious 
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Fig.  8.   Variation  of  Iron  Loss  with  Frequency 

with  a  synchronous  motor  load  as  power-factor  conditions 
are  much  higher.  For  example,  assume  a  375-kv.-a.,  25- 
cycle  transformer  operating  on  a  60-cycle  circuit  of  80 
per  cent,  power  factor,  the  regulation  would  be  approxi- 
mately 5.5  per  cent,  instead  of  2.8  per  cent,  were  it  op- 
erating on  a  25-cycle  circuit.  With  a  synchronous  motor 
load  and  100  per  cent,  power  factor,  these  transformers 
operating  on  25  cycles  would  have  a  regulation  of  1.05 
per  cent,  and  1.5  per  cent,  on  a  60-cycle  circuit.  This 
poorer  regulation  could  be  compensated  for  by  making 
use  of  a  high-tension  tap  to  raise  the  low-tension  voltage 
by  5  per  cent. 

Insulation  Tests 

Insulation  tests  are  made  according  to  the  following 
table  which  is  based  on  the  "Standardization  Rules  of  the 
American  Institute  of  Electrical  Engineers" : 

Rated  Terminal  Voltage  of  Circuit  Test  Voltage 

Not  exceeding  549  volts 5000 

Exceeding  549  but  not  exceeding  5000  volts 10,000 

Exceeding  5000  volts Double  rated  terminal  voltage  of  the  circuit 

The  rated  terminal  voltage  of  the  circuit  is  the  volt- 
age between  the  conductors  of  the  circuit  to  which  the 
transformer  is  connected.  From  this  it  follows  that  where 
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single-phase  transformers  are  to  be  connected  in  star  on 
a  tliree-phase  cirtniit,  the  line  voltage  and  not  the  trans- 
former voltage  determines  the  test  voltage.  An  exception 
may  be  made  to  this  in  case  the  neutral  point  is  to  be  con- 
nected directly  and  permanently  to  the  ground.  The 
transformer  voltage  (the  voltage  from  the  neutral  point 
to  the  line)  may  then  be  considered  as  determining  the 
test  voltage.  The  test  between  the  high-  and  low-tension 
windings  is  the  same  as  that  between  the  high-tension 
winding  and  the  core,  and  both  tests  are  made  simultane- 
ously with  the  low-tension  winding  connected  to  the  core. 
The  duration  of  the  test  is  one  minute.  A  test  is  then 
made  between  the  low-tension  winding  and  the  iron  for 
one  minute.  In  addition  to  these  tests,  200  per  cent,  of 
normal  voltage  is  impressed  on  the  low-tension  winding 
for  5  min.,  with  the  high-tension  winding  not  connected 
to  either  the  low-tension  winding  or  the  core.  This  test 
induces  double  normal  voltage  throughout  the  windings 
and  thereby  subjects  every  part  to  double  the  normal 
stresses. 


New  Insulating  Material 

A  new  material  known  as  "Micarta,"  to  take  the  place 
of  hard  fiber,  glass,  porcelain,  hard  rubber,  built-up  mica, 
pressboard,  rawhide,  molded  compounds,  etc.,  has  been 
developed  by  the  Westinghouse  Electric  &  Manufactur- 
ing Co.  It  is  used  for  commutator  bushings  and  brush- 
holder  insulation,  as  noiseless  gear  blanks,  as  conduit  foi; 
automobile  wiring,  as  spools  for  spark  coil  and  magnet 
windings,  for  refillable  fuse  tubes,  for  wireless  coil  sep- 
arators, for  arc  shields  in  circuit-breakers,  for  water- 
meter  disks,  etc. 

It  is  a  tan-brown,  hard,  homogeneous  material  having 
a  mechanical  strength  about  50  per  cent,  greater  than 
hard  fiber,  and  can  readily  be  sawed,  milled,  turned, 
lapped  or  threaded,  if  a  sharp-pointed  tool  is  used  and 
the  work  is  done  on  a  lathe.  It  can  be  punched  only  in 
thin  sheets  and  cannot  be  molded.  Micarta  is  not  brittle 
and  will  not  warp,  expand,  or  shrink  with  age  or  exposure 
to  the  weather,  but  takes  a  high  polish,  presenting  a  fin- 
ished appearance. 

Two  grades  of  the  material  are  made.  The  grade  known 
as  "Bakelite"  Micarta  will  stand  a  temperature  of  300 
deg.  P.,  continuously,  or  500  deg.  for  a  short  time.  It  is 
infusible  and  will  remain  unaffected  by  heat  until  a  tem- 
perature sufficient  to  carbonize  it  is  reached.  Heat  will 
not  warp  Bakelite  Micarta,  and  it  will  stand  an  electric 
arc  better  than  hard  fiber,  hard  rubber,  built-up  mica,  or 
any  molded  insulation  containing  fibrous  or  resinous  ma- 
terials. Its  coefficient  of  expansion  is  low,  being  approxi- 
mately 0.00002  per  deg.  C. 

Bakelite  Micarta  is  insoluble  in  practically  all  of  the 
ordinary  solvents,  such  as  alcohol,  benzine,  turpentine  and 
weak  solutions  of  acids  and  alkalis,  hot  water  and  oils. 
It  is  indifferent  to  ozone — an  advantage  over  hard  rub- 
ber, resins,  etc.,  for  electrical  purposes.  It  is  nonhy- 
droscopic  and  impervious  to  moisture. 

The  other  grade  designated  as  No.  53  Micarta  has  the 
same  mechanical  and  electrical  properties  as  the  Bakelite 
Micarta,  but  differs  in  its  chemical  and  thermal  prop- 
erties. It  behaves  toward  chemicals  and  heat  very  much 
as  aa  ordinary  resin.  This  grade  is  not  used  in  plate 
form. 


Hunting  of  Generators 

In  answer  to  A.  N.  Kerr's  request  for  information  as 
to  the  probable  cause  of  his  generators  hunting  when 
running  in  parallel,  I  would  state  that  it  might  be  due  to 
one  or  two  causes  out  of  several.  It  is  well  to  remember 
that  when  two  or  more  alternating-current  generators  are 
run  in  parallel,  that  the  division  of  the  load  between 
them  depends  primarily  upon  their  speed-load  character- 
istics. Therefore,  it  is  essential  that  the  two  Ilarting 
governors  act  freely  and  equally  sensitive  for  the  same 
relative  loads,  so  that  the  tendency  would  be  to  divide 
the  load  properly  when  operated  in  parallel. 

Mr.  Kerr  does  not  state  how  the  exciters  are  con- 
nected— individually  or  in  parallel — at  the  switchboard. 
If  the  exciters  are  for  individual  operation  only,  I  would 
suggest  that  an  e.m.f.  chart  be  taken  for  both  exciters, 
from  similar  current  readings.  If  everything  else  is  all 
right,  such  as  both  belts  being  in  perfect  running  condi- 
tion, commutators  and  brushes  smooth  and  properly  set, 
and  the  speed  equal,  then  the  e.m.f.  curve  should  keep 
the  same  for  both  machines.  If  it  does  not,  the  compound 
winding  on  the  exciter  having  the  higher  e.m.f.  should 
be  shunted  to  balance  with  the  lower  characteristics  of 
the  other  exciter. 

If  the  power  factor  is  low,  or  the  load  variable,  then 
the  use  of  a  small  synchronous  motor  connected  to  the 
main  busbar  would  be  an  aid  to  improving  the  power 
factor. 

Regulators  are  a  great  help  in  maintaining  the  exciter 
voltage  in  proper  relation  to  the  generator  load.  This 
is  especially  true  when  load  variations  are  great  and 
frequent. 

Ben  Dawson. 

Cedar  Rapids,  Iowa. 

I  have  the  following  to  suggest  in  regard  to  A.  N. 
Kerr's  trouble  with  hunting  (see  Power,  Sept.  2,  1913). 

He  should  first  a.scertain  the  speed  of  each  machine 
by  the  formula 

7?  ,    ,       _  -'^'-*^  ^  frcfjuency 
number  of  jjoles 

Having  done  this  he  should  adjust  the  governor  on  the 
small  engine  sensitive  and  tliat  on  the  large  engine  slug- 
gish ;  or  it  may  be  necessary  to  make  both  governors  some- 
what sluggish  if  the  machines  do  not  remain  in  step  with 
one  governor  sensitive  and  the  other  sluggish. 

If  surging  still  continues,  make  the  admission  earlier 
on  the  small  engine  on  one  end  only  (the  head  end  is 
preferable)  or  the  compression  may  be  reduced  on  the 
head  end  of  the  large  engine. 

The  foregoing  have  proved  successful  in  overcoming 
hunting  in  our  plant. 

V.  K.  Stanley. 

Ponca  City,  Okla. 


Electricity  Cheap  In  Snltzerland — Cheap  power,  widely 
distributed  In  Switzerland,  has  led  to  the  introduction  of  small 
motors  mounted  wheelbarrow-wise  for  farm  and  similar  uses. 
A  complete  installation  of  a  1-hp.  motor,  starting  box,  speed- 
change  gears  and  pulley,  barrow  mounted  with  10  meters 
(about  33   ft.)   of  cable,   costs  about   $90. 
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to  (L'uter  of  tlie  truck  center  plus  measures  32.8  ft.,  and 
the  driving  wheels  have  a  diameter  of  about  69  in. 

Tlie  motive  effort  is  transmitted  from  a  crankshaft  to 
the  driving  wheels  by  means  of  side  rods,  the  ends  fitted 
with  adjustable  boxes. 

A  Westinghouse  brake  equipment  is  included  and  ap- 
plied to  both  the  driving  and  the  truck  wheels  and  in  ad- 
dition a  toggle-joint  hand  brake  is  provided  for  the 
former.  The  air  for  braking  is  taken  from  the  inter- 
mediate stage  of  the  compressor  and  is  stored  in  a  special 


The  First  Diesel  Locomotive 

The  first  locomotive  to  be  propelled  by  a  Diesel  engine 
as  designed  and  built  at  the  works  of  Messrs.  Sulzer 
ros.,  in  Winterthur,  Switzerland,  and  delivered  by  them 
)me  months  ago  to  the  Prussian-Hessiau  State  Railway 
f  Germany.  We  are  indebted  to  the  builders  for  the  ae- 
jmpanying  description  and  drawings  together  with 
hotographs  of  the  complete  locomotive  as  it  appears  in 
3rvice. 


Flii.    1.     SiDi;    \'li;\V    OF   SUT-ZER-DlESEL   LOCOMOTIVE 


In  substance  the  basic  idea  is  a  propelling  engine  di- 
3ct-connected  to  the, axles  of  the  driving  wheels  and,  in- 
ependent  of  it,  a  complete  auxiliary  engine  of  about 
ne-fourth  the  capacity,  serving  for  the  production  of 
ompressed  air  with  which  the  main  engine  is  started  and 
diich,  with  late  cutoffs,  is  also  supplied  to  it  imder  cer- 
iin  running  conditions,  as  ascending  steep  grades,  etc. 
^hat  the  service  rendered  by  the  auxiliary  engine  may 
e  at  times  increased,  air  reservoirs  are  provided  from 
'hich,  with  the  auxiliary  at  rest  or  in  operation,  a  fur- 
!ier  supply  of  air  can  be  taken. 

While  starting,  the  auxiliary  engine  is  kept  running, 
lius  uninterruptedly  furnishing  a  relatively  large  flow 
f  compressed  air  for  setting  the  main  engine  in  motion ; 
dding  to  it  from  the  air  reservoirs  as  may  be  needed. 
>y  means  of  the  compressed  air  alone  the  train  is  ac- 
elerated  to  a  speed  of  five  or  six  miles  per 'hour.  The 
Liel  is  then  admitted,  the  air  cutoff  and  the  engine  op- 
rated  on  the  normal  Diesel  cycle. 

The  locomotive  has  a  length  of  54.4  ft.  and  weighs  in 
jrvice  9.5  tons.  The  two  trucks  have  a  wheel  base  of  7.2 
t.  and  the  rigid  wheel  base  is  11.8  ft.     From  center 


reservoir,  and  pneumatic  sanding  appliances  are  provided 
for  use  in  either  running  direction. 

For  the  protection  of  the  equipment  the  cab  is  continu- 
ous over  the  full  length  of  the  locomotive.  In  each  cor- 
ner is  a  tank,  three  for  cooling  water  and  one  for  fuel 
storage,  and  in  the  roof,  over  the  main  engine,  is  the  ex- 
haust muffler.  Two  coolers  for  the  circulating  water  are 
provided  as  are  also  two  pumps  driven  either  by  the  main 
or  by  the  auxiliary  engine,  one  for  circulating  the  cooling 
water  ajid  the  other  for  supplying  the  fuel. 

The  motive  power  is  furnished  by  a  Sulzer-Diesel,  re- 
versible, four-cylinder,  single-acting,  two-stroke-cycle  en- 
gine. The  cylinders  are  arranged  in  pairs,  each  inclined 
45  deg.  from  a  line  perpendicular  to  the  rail  surface, 
their  axes  intersecting  in  that  of  the  single  crankshaft 
common  to  all ;  they  have  a  bore  of  15  in.  and  a  stroke 
of  21.65  in.  Each  pair  of  opposed  cylinders  lies  in  a 
common  plane  and  acts  on  a  common  crankpin  and  that 
such  action  may  be  entirely  symmetrical  the  crankpin 
end  of  one  of  the  opposed  connecting-rods  is  forked.  The 
two  cranks  are  set  at  180  deg.  and  at  60  miles  an  houi 
make  slightly  over  300  r.p.m.     Pressed  in  place  on  each 
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Fig.  2.    Siiowixfi  AiiUAMiKMEN'i'  of   Engines  and  Auxiliaries 


end  of  the  crankshaft  is  a  counterbaiaiued  crank  disk 
transmitting  its  rotation  to  the  driviug  wheels.  By  this 
arrangement  a  complete  balance  is  obtained  between  the 
primary  forces  of  reciprocation  enianatinji'  from  the  main 
cylinders,  and  the  centrifugal  forces  ol'  the  cranks,  side 
rods  and  counterweights. 

Each  cylinder  head  carries  a  fuel  valve,  a  starting  valve 
and  two  scavenging  valves,  admitting  air  under  700  to 
1000  lb.,  700  and  80  lb.  respectively.  The  e.xhaust  is 
tlirough  ports  in  the  cylinder  walls,  opened  and  closed 


Fig.  3. 


Showing  Eccentrics  and  Links  for 
Actuating  Valves 


by  the  main  pi.stons.  Between  the  crank  disks  and  the 
frame  are  two  eccentrics  of  which  each  one  controls  all 
the  valves  of  oue-half  of  the  main  engine  and  is  rotatable 
for  reversing  the  running  direction,  which  is  accom- 
plished through  a  special  linkage  system,  DEF,  Figs. 
3  and  4.  The  position  of  the  lever  E,  represented  by  the 
solid  lines,  corresponds  with  forward  running,  that  by 
dot-and-dash  lines  with  reverse.  By  means  of  the  rods 
B  and  B' ,  the  motion  of  the  two  eccentrics  is  transmitted 
to  the  rockshafts  C  and  ("_,  which  actuate  the  valves  in  the 
cylinder  heads.  On  the  right-hand  cylinder  of  Fig.  3  the 
gear  for  the  fuel-admission  valve  is  indicated;  on  the 
left-hand  cylinder  that  for  the  scavenging  valves.  The 
control  of  the  fuel-inlet  valves  is  such  that  different  ad- 
mission volumes  can  he  had,  effected  by  varying  the  po- 
sition of  the  free  end  of  the  rod  G  along  the  sliding  con- 
tact surface  H  of  the  roller  arm  7  by  means  of  the  reach 
rod  K,  thus  governing  the  open  ]iositi(jn  of  tlic  fuel-inlet 
valve. 


The  starting  valves  are  operated  in  like  manner  as 
shown  in  Fig.  4.  The  open  period  of  these  valves  must 
naturally  be  greater  than  that  of  the  fuel-inlet  valves, 
the  period  being  determined  by  rotating  the  shaft  H  on 
which  the  bell  crank  0,  Fig.  4,  is  eccentrically  jonrnaled. 
Placed  in  the  starting  pipe  K,  just  ahead  of  the  start- 
ing valve  in  the  cylinder  head,  is  another  valve  L  which, 
as  to  its  time  and  travel,  is  unvaryingly  actuated  by  a 
cam  secured  to  a  vertical  shaft  driven  through  miter 
gears  by  the  side  rod  M  and  controlled  by  the  connection 
R.  The  provision  of  two  controls  for  the  starting  air  ac- 
complishes the  possibility  of  constant  lead  and  the  lower- 
ing of  losses  by  throttling  effect.  With  but  one  starting 
valve  per  cylinder  it  would  be  difficult  to  so  arrange  the 


Starting  Talve-Gear 


valve-gear  that  constant  lead  would  result  throughout  the 
range  of  cutoff,  in  this  case  from  0  to  60  per  cent.  Fur- 
ther, the  wire-drawing  resulting  from  the  unavoidable 
failure  to  obtain  a  quick  opening  and  closing  of  the  main 
starting  valve  would  introduce  important  losses.  The 
duplex  gearing  described  eliminates  these  disadvantages. 
Fig.  6  is  a  diagram  of  the  coincident  opening,  lifting 
and  closed  positions  of  the  two  valves  controlling  the  ad- 
mission of  the  air  for  starting  throughout  a  revolution 
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of  the  main  crauk;  AB,  indicating  tliu  curve  of  successsivc 
positions  of  lift  of  the  initial  valve  L,  and  CD,  those  of 
the  starting  valve  proper,  I,  for  maximum,  reduced  and 
minimum  cutoffs  by  that  valve. 

It  is  characteristic  of  this  valve-gear  that  the  curves 
CD  of  the  main  valve  are  symmetrical  each  side  of  the 
line  PP'.,  radial  to  the  crank  circle.  From  this  it  is  seen, 
n\  the  one  hand,  that  for  all  cutoffs  the  main  valve  is 
kvide  open  at  the  dead-center  jjosilion  of  the  crank  ;  hence 


\  Scavenging  Valve 


Fig.  .5.    Valve  Details 

the  initial  air  admission  is  determined  by  the  valve  L; 
and,  on  the  other  hand,  by  using  such  gearing,  reversal 
of  the  main  valve  is  unnecessary  and  a  change  in  the 
running  direction  is  secured  by  reversing  the  action  of 
the  primary  valve  L. 

Between  the  four  main  engine  cylinders  are  the 
double-acting  piston  pumps  and  ,a  three-stage  air-injec- 
tion pump  for  spraying  in  the  fuel.  All  three  pumps  are 
dri\en  from  the  connecting-rods  of  the  front  pair  of  main 
engines  through  the  medium  of  rocker-arms  and  link.s 
and  all  are  fitted  with  relief  valves.  The  air-injection 
pump  is  in  the  nature  of  a  reserve  for  the  main  com- 
pressor as,  in  the  event  of  the  latter  being  incapacitated 
through  any  cause,  it  is  capable  of  supplying  the  injec- 
tion air  under  conditions  of  normal  speed  and  not  too 
high  a  duty. 

The  auxiliary  engine  is  likewise  a  two-stroke-cycle 
machine  of  250  hp.  It  has  two  vertical  cylinders  12  in. 
in  diameter  and  15-in.  stroke,  fed  by  a  duplex  fuel 
pump.  The  crankshaft  has  two  counterbalancing  fly- 
wheels, and  two  cranks  180  deg.  apart  and  these  latter, 
through  other  connecting-rods,  actuate  two  horizontal, 
multi-stage  air  pumps;  see  Fig.  7.  By  means  of  a  dis- 
tributing valve  the  delivery  of  the  compressor  can  be 
regulated  from  zero  to  maximum,  and  a  governor  con- 
trok  the  speed  of  the  compressor  engine  between  200 
md  35G  r.p.m. 

With  tiie  locomotive  stopped  or  under  service  requiring 
jut  little  air  the  compressor  delivers  its  surplus  output 
into  receivers  placed  behind  the  main  engine. 

The  air  as  delivered  from  each  stage  of  the  compressor 
is  diverted  through  a  cooler.  From  the  high-pressure 
cooler  the  air  is  conducted  to  a  distributor  whence  by 
i'alvcs  it  is  led  to  various  points  as  desired  :  one  connec- 
tion   leading   to   the    starting-air    reservoirs,    another    to 


liiose  for  the  injection  air,  and  a  Ihinl  to  the  reserve 
reservoirs.  These  latter,  through  the  distributer,  are  in 
turn  in  communication  with  the  auxiliary  engine,  as  are 
also  the  fuel-injection  air  reservoirs,  for  the  purposes, 
respectively,  of  setting  it  in  motion  and  maintaining 
it  in  operation. 

For  lubrication  special  pumps  are  provided.  The 
amount  can  be  regulated  for  eacli  cylinder,  and  all  crank- 
shafts and  connecting-rod  boxes  and  all  needed  points 
within  the  crank  cases  are  provided  with  forced  lubri- 
cation; the  oil  being  drawn  from  the  crank  cases,  filtered 
and  forced  through  piping  to  the  required  places. 

Hand-operated  centrifugal  pumps  are  included  for 
priming  the  cold  water,  circulating  water  and  fuel  piping 
when  needed.  A  fourth  pump  is  for  lubricating  inside 
the  crank  case  when  the  locomotive  is  at  rest. 

An  operating  room  is  provided  at  each  end  of  the 
housing  for  the  enginemau  where  are  located  the  vari- 
ous actuating  mechanisms,  such  as  the  lever  for  throw- 
ing into  and  out  of  action  the  starting  and  fuel  valves, 


Fig.  ().    DiAGii.ui  ok  FIvexts  during  Startixg 

the  lever  for  regulating  the  deliveries  of  the  fuel  pumps, 
the  starting  monitor,  the  brake  valve,  the  sander,  the 
whistle  connection  and  the  various  gages. 

The  starting  preliminaries  include  the  setting  in  mo- 
tion of  the  auxiliary  plant  and  the  throwing  in  of  the 
valve  for  the  air  used  in  starting  the  main  engine.  To 
get  under  way  the  air  valve  at  the  monitor  is  slowly 
opened.  The  air  flows  from  the  proper  air  reservoirs  to 
the  starting  valves  of  the  main  engine,  the  air  pressure 
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slow!}  rises  and  the  engine  begins  to  turn.  The  ciitolt 
by  tlie  starting  valve  is  gradually  shortened,  the  pressure 
meanwhile  rising.  On  attaining  a  speed  of  about  six 
miles  an  hour  the  starting  valves  are  cut  out  and  the  fuel 
valves  brought  into  action.  The  locomotive  is  then  in 
normal  operation  and  the  delivery  of  the  pumps  and  the 
pressure  of  the  injection  air  are  regulated  according 
to  the  service  of  the  locomotive  and  its  desired  speed.  To 
stop,  the  fuel  valves   are  released   from  .action  and  the 


l)rake  is  applied.  lievcrsal  is  effected  by  the  manipuhi- 
tion  of  a  handwheel  located  in  each  operating  room ;  a 
special  stop  preventing  this  while  the  fuel  valves  are 
cut  in. 

Trial  trips  were  run  with  a  view  to  observing  the  Diesel 
engine  as  applied  to  locomotive  use  and  to  note  the  action 
of  starting  and  of  the  change  from  running  by  air  to 
that  of  running  as  normally  intended,  and  to  test  the  re- 
versing mechanism. 

In  Fig.  8  are  shown  re]ir(i(luctions  of  indicator  dia- 
grams taken  during  the  runs. 

Producer  Gas  Engines  in  Coal  Barges 

A  tleec  of  targe,  self-propelled  barges,  fifteen  in  num- 
ber, to  ply  between  New  Orleans  and  the  coal  fields  of 
northern  Alabama  is  of  peculiar  interest  in  that  they 
are  the  first  craft  of  their  kind  in  America  to  be  pro- 
pelled by  producer-gas  engines.  They  are  also  the  first 
craft  to  bring  coal  from  the  Alabama  fields  to  New 
Orleans  wharves  by  water;  Alabama  coal  has  heretofore 
ieen  shipped  to  New  Orleans  by  rail.  The  barges  are  of 
steel,  840  ft.  long,  and  have  a  capacity  of  1000  tons. 
They  are  propelled  by  twin  screws  driven  by  twin  en- 
gines and  have  a  speed  of  approximately  7  miles  an 
hour  when  fully  loaded. 

The  screws  are  driven  at  300  r.p.m.  by  two  75-hp. 
vertical  Fairbanks-Morse  engines,  supplied  in  turn  by 
a  150-hp.  producer  of  the  same  make.  The  fuel  used  is 
what  has  heretofore   been   a   waste  coke  from  the  ovens 


Fig.  7.    Elevation  axii  Section  through  Auxiliary  Engine  and  Aik  I'ompuessor 
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Fig.  8.    Typical  Indicator  Diagrails 


of  the  Birniingluim  District,  and  which  consequently  is 
secured  at  a  very  low  price.  This  coke  is  practically  pea 
size,  and  has  a  calorific  value  of  about  11,000  B.t.u. 
Bunkers  are  provided  to  hold  about  15  tons.  Each  pro- 
ducer is  equipped  with  a  scrubber,  gas  tank  and  tar  ex- 
tractor, and  is  fitted  with  a  water  bottom. 

The  auxiliary  power  equipment  consists  of  a  9-hp. 
gasoline  engine,  which  drives  a  centrifugal  pump  handling 
the  ballast  and  bilge  water,  a  blower,  an  air  compressor 
and  a  Si/o  kw.  direct-current  generator.  Current  is  used 
for  electric  lights  throughout  the  boat,  fans  in  cabins 
and  engine  room,  a  3200-cp.  searchlight  and  a  5-hp.  mo- 
tor. The  motor  is  for  operating  an  anchor  winch.  The 
generator  is  so  mounted  that  when  the  large  engines  are 
running  it  may  be  belt  driven  from  one  of  them.  A 
second  4-in.  centrifugal  pump  is  also  installed,  to  be 
driven  by  one  of  the  large  engines  through  friction-wheel 
contact. 

The  barges  will  make  the  trip  from  the  mine  region 
to  New  Orleans  in  73  hr.,  and  with  all  fifteen  vessels  in 
service  it  is  estimated  that  coal  will  be  moved  into  New 
Orleans  at  the  rate  of  50,000  tons  a  month. 
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Ammonia  Condensers — II 

By  Fred.  Ophuls 
Double-Pip  !■:  Condensers 
The  condensers  illustrated  in  Figs.  3  and  4*  are  not  of 
the  purely  counter-current  type  for  the  reason  that  the 
flow  of  the  ammonia  through  the  condenser  coils  is  per- 
pendicular to  the  ilow  of  the  water  Over  the  outside. 
The  requirements  of  counter-current  flow  are  not  only 
that  the  hot  ammonia  vapor  is  cooled  by  the  water  near 
the   point   where   it   leaves   the   condenser   and   that   the 


Surface  Condensers 

For  some  time  attempts  have  been  made  to  imitate 
the  standard  construction  of  the  surface  steam  condenser, 
but  great  difhculty  was  experienced  in  so  designing  this 
type  for  ammonia  work  as  to  prevent  leakage  of  ammonia 
into  the  water.  The  main  difficulty  was  found  in  keeping 
tight  the  joints  between  the  straight  tubes  and  the  tube 
sheets  on  account  of  the  variations  in  expansion  and 
contraction. 

The  first  successful   design   of   what   inav  be  called   a 
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liquid  numonia  leaves  at  or  near  the  point  where  the 
water  comes  on  the  condenser,  but  also  that  the  current 
of  ammonia  flows  parallel  to  the  current  of  water  and 
in  op]iosite  direction  to  it.  While  these  types  fulfill  the 
tirst  requirement  they  do  not  meet  the  latter.  There  is, 
however,  an  amuuinia  condenser  built  that  is  designed 
to  meet  lioth  conditions;  this  is  the  double-pipe  con- 
denser. 

Figs.  7  and  8  show  that  the  basis  of  construction  of 
type  (a^  is  the  placing  of  a  smaller  pipe  inside  of  a  larger 
one.  The  condenser  is  generally  made  up  of  ly^-m.  and 
8-in.  pipes;  tlie  former  pass  through  the  latter  and  are 
fitted  at  their  ends  with  return  bends  to  afford  a  con- 
tinuous passage  for  the  water  through  them  either  from 
the  bottom  to  the  top  pipe  or  vice  versa.  The  2-in.  pipes, 
cut  shorter  than  the  lV4-iu.  pipes,  are  also  joined  by 
return  bends  through  the  ends  of  which  the  11/4  in.  pipes 
pass,  and  the  ammonia  vapor  is  cooled  and  liquified  in 
the  annular  space  between  the  inside  of  the  larger  and 
the  outside  of  the  smaller  pipes.  In  this  design  the 
ammonia  is  made  to  flow  parallel  and  in  opposite  direc- 
tion to  the  water,  for  the  ammonia  enters  the  annular 
space  at  the  free  end  of  the  top  ]iipe  "and  the  water  enters 
the  inside  of  the  ly^-m.  pipe  at  the  free  end  of  the  bot- 
tom pipe  or  vice  versa. 

In  type  (b)  a  double-size  condenser  is  arranged  with 
the  water  header  and  the  ammonia-vapor  and  liquid 
header  located  at  opposite  ends  of  the  condenser.  The 
objection  to  this  arrangement  is  that  in  alternate  pipes 
the  water  and  the  ammonia  flow  in  the  same  direction. 


surface  coiulcnser  for  ammonia  was  constructed  with 
spiral  coils  (type  a)  through  which  the  cooling  and 
condensing  water  flowed.  Figs.  9  and  10  illustrate  this 
type.  It  consists  of  a  east-iron  or  steel  shell  closed  at 
both  ends  by  dished  heads.  AYithin  this  shell  are  placed 
a  number  of  closely  wound  spiral  pipe  coils,  the  top  and 
bottom  ends  of  which  protrude  through  the  respective 
heads  and  are  each  joined  by  means  of  manifolds.  AMiere 
the  ends  of  the  pipe  coils  pass  through  the  iieads  tight 
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joints  arc  made  with  the  usual  ])ackeil  stutling-boxes  and 
glands. 

The  anmionia  vapor  surrounds  the  pipe  coils  and  enters 
near  the  top  of  the  shell  as  shown.  The  liquid  is  drained 
off  either  at  the  bottom  of  the  shell  or  else  at  the  side 
of  the  lower  head.     The  water  enters  the  bottom   coil 
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Fig.   9  Fig.   13 

Fig.  9.  SriRAL-CoiL  Type  Surface  Condenser 

Pig.  13.    Submerged  Condenser  with  Mechanical 

Water  Stirrer 

manifold  and  flows  up  througli  the  pipe  coils,  leaving 
at  the  top.  The  flow  of  the  vapor  is  perpendicular  to 
the  flow  of  the  water,  but  Ihe  general  direction  of  flow 
is  opposite. 

Prom  the  illustration.  Pig.  11,  of  a  straight-tube  type 
of  surface  condenser,  it  appears  that  its  construction  is 
very  similar  to  the  standard  surface  steam  condenser. 
The  sketch  is  not  intended  to  represent  a  particular  de- 

YlakrOufkf 


sign,  but  to  give  an  idea  of  the  general  way  in  which 
such  a  condenser  is  arranged.  The  cooling  and  con- 
densing water  enters  at  the  bottom  of  half  the  tubes 
and  flows  to  the  opposite  head,  returning  through  the 
remaining  tubes  to  the  bottom.  The  head  where  the 
cooling  and  condensing  water  enters  and  leaves  is  divided 
by  a  partition  so  that  the  incoming  and  outgoing  water 
iloes  not  mix.  In  some  designs  a  partition  is  used  in  the 
vapor  space  to  cause  a  flow  counter-current  to  that  of  the 
water,  but  in  the  case  illustrated  the  partition  is  not  used. 
The  ammonia  vapor  enters  at  the  top,  and  the  liquid 
leaves  at  the  bottom  on  the  opposite  side. 

SUHMERGED  CONDENSERS 

When  refrigerating  and  ice-making  machines  were  first 
built  the  submerged  condenser  was  u.sed  in  almost  all 
cases.  These  condensers  are  cheap  in  first  cost  and 
readily  constructed.  They  do  not  give  results  which  can 
be  comi^ared  favorably  with  most  of  the  other  types. 

Figs.  12  and  13  show  the  construction  of  submerged 
condensers  with  spiral  coils.  The  ammonia  flows  through 
the  coils,  generally  entering  at  the  top,  and  the  cooling 
and  condensing  water  circulates  in  the  surrounding  tank. 
The  arMngoment  of  the  vapor  and  liquid  headers  varies 
somewhat  with  the  taste  of  the  designer. 

In  some  of  the  constructions  the  liquid  is  drained  off 
at  the  bottom  directly  into  the  liquid  receiver,  as  shown 
in  Fig.  12.  Sometimes  the  bottom  ends  of  the  coils  are 
turned  up  inside  the  tank  and  the  liquid  headers  located 
near  the  vapor  header  just  outside  of  the  tank.  Fig.  13. 
The  cooling  and  condensing  water  enters  the  tank  at  oi 
near  the  bottom  and  leaves  at  the  top,  the  inlet  and 
outlet  water  connections  being  located  at  opposite  sides 
of  the  tank. 

On  account  of  the  poor  circulation  of  the  water  the 
heat  transmission  coefficient  of  the  cooling-pipe  surface 
is  low  and  the  capacity  of  a  certain  size  condenser  is 
small  in  comparison  to  an  atmospheric  condenser  contain- 


Fig.    10  Fig-.    11 

Pig.  10.   Sectional  View,  Showing  Arrangement  op  the  Spiral-Coil  Surface  Type.     Pig.  11.    Straight- 
Tube  Surface  Condenser.    Pig.  12.   Spiral-Coil   Submerged  Condenser 
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dug  approximately  the  same  area  of  coiulensiug  surface. 
To  improve  the  efBcieuey  of  tliese  condensers  some  have 
been  designed  with  mechanical  stirrers  which  consist  of 
<a  number  of  paddles  rotating  about  a  vertical  shaft  placed 
in  the  center  of  the  tank,  as  in  Fig.  13.  The  paddles 
■circulate  the  water  in  opposite  direction  to  the  flow  of 
the  ammonia  through  the  coils.  Sometimes  the  paddle 
blades  are  inclined  at  a  slight  angle  to  the  vertical  to 
^ive  to  the  water  an  upward  motion. 

The  straight-coil  type  illustrated  in  Fig.  14  consists 
of  one  or  more  vertical  pipe  stands  made  up  of  horizontal 
pipes  either  bent  to  close  centers  or  else  joined  by  means 
■of  return  bends  to  afford  a  continuous  passage  for  the 
ammonia  through  them.     These  coils  are  submerged  in  a 
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Fig.  14.   Straight-Coil  Submerged  Condenser 

suitable  rectangular  tank  and  the  vapor  and  liquid  head- 
€rs  arranged  somewhat  as  showTi.  The  cooling  water 
enters  near  the  bottom  of  the  tank  at  the  end  where  the 
liquid  ammonia  leaves,  and  is  drained  off  at  the  top  of 
the  other  end,  where  the  hot  vapor  enters.  The  disad- 
vantage of  this  construction  is  that  the  cooling  water 
has  a  tendency  to  short-circuit  diagonally  across  the 
tank  from  the  point  where  it  enters  to  where  it  leaves,  so 
that  there  are  parts  of  the  tank  in  which  the  water 
•does  not  circulate  properly. 

Removing  Ammonia  Charge  from 
Compression  System 

To  remove  the  old  charge  of  ammonia  from  the  system, 
uttach  to  the  charging  valve  a  standard  ammonia  drum 
on  a  platform  scale  by  means  of  a  y-^-va..  pipe  abouL 
10  ft.  long.  The  drum  should  be  so  connected  that  the 
pipe  nipple  within  the  tank  is  turned  up. 

It  is  essential  not  to  charge  into  a  standard  100-lb. 
liquid  drum  more  than  100  lb.,  and,  for  this  reason,  the 
■drum  should  be  placed  on  the  scale  and  the  weight  noted 
from  time  to  time  while  drawing  off  the  ammonia.  It 
is,  of  course,  necessary  to  close  the  main  liquid  valve 
going  to  the  ice-making  or  refrigerating  system,  so  that 
the  ammonia  which  is  discharged  from  the  condenser 
into  the  receiver  can  pass  directly  into  the  drum. 

Wlien  it  is  not  certain  that  the  drum  receiving  the 
tharge  of  ammonia  is  empty,  and  the  net  weight  of  the 
drum  is  not  known,  it  may  be  assumed  that  the  100-lb. 
•drum,  when  empty,  does  not  weigh  more  than  200  lb., 
so  that  when  it  is  fully  charged  the  scale  should  show 
not  to  exceed  300  lb. 

In  drawing  off  the  chavgc  of  ammonia,  the  system  is 
operated   just   as   if  pumping  out  the  low-pressure   side 


of  the  plant,  and  if  there  is  no  liquid-level  gage  on  the 
receiver,  the  only  way  to  tell  when  the  system  is  empty 
of  liquid  is  to  find  out  when  the  drum  on  the  scale 
shows  no  further  increase  in  weight. 

Care  should  be  exercised  to  make  sure  that  the  ex- 
pansion side  of  the  plant  is  fully  pumped  out  before 
starting  to  break  any  joints,  and  depending  upon  the  size 
of  the  plant  and  its  arrangement,  it  may  be  necessary  to 
pump  below  atmospheric  pressure  five  or  six  times,  be- 
fore the  ammonia  is  all  drawn  out.  Allien  this  has  been 
done,  allow  the  system  to  stand  for  two  or  three  hours 
and  see  whether  the  pressure  on  the  suction  gage  does  not 
rise.     If  it  does  not.  the  system  is  empty. 

While  drawing  off  the  charge  of  ammonia  it  would  iie 
advisable  to  reduce  the  amount  of  water  flowing  over  the 
ammonia  condenser,  so  that  the  discharge  pressure  will 
be  high  enough  to  force  the  liquid  into  the  drum.  By 
referring  to  a  table  giving  the  properties  of  ammonia 
corresponding  pressures  and  temperatures  may  be  ob- 
tained. For  example,  suppose  tiiat  the  room  in  which 
the  charging  valve  is  located  is  at  95  deg.,  F.,  at  the 
time  the  charge  of  ammonia  is  being  removed  from  the 
system.  The  ammonia  pressure  corresponding  to  this 
temperature  would  be  184  lb.  gage,  so  that  the  ammonia 
may  freely  flow  into  the  drum.  The  condenser  pressure 
should  be  at  least  10  lb.  higher  than  this  pressure. 

The  principal  things  to  look  out  for,  then,  are  to  see 
that  not  too  much  ammonia  is  charged  into  the  drum 
and  that  the  condenser  pressure  is  at  least  10  lb.  higher 
than  the  pressure  corresponding  to  the  temperature  of 
the  room  in  which  the  drum  is  located.  The  ammonia 
vapor  left  in  the  high-pressure  side  of  the  plant,  after 
the  liquid  is  drawn  off,  cannot  be  recovered.  It  must 
either  be  blown  out,  or  else  pumped  over  into  the  low- 
pressure  side  after  the  latter  has  been  repaired. 

Turbine  Exhaust   for  Ice  Making 

The  engine  room  of  the  new  power  plant  of  the  Ken- 
tucky Traction  &  Terminal  Co.,  at  Lexington,  lias  an 
ice  plant  quite  different  from  those  ordinarily  met.  Two 
75-hp.  Terry  turbines,  direct  connected  to  two  8000-gal. 
centrifugal  water  pumps  for  pumping  cooling  water  from 
the  spray  pond  for  the  steam  and  ammonia  condensers, 
furnish  exhaust  steam  for  a  Corbondale  ice  plant. 

The  liquid  ammonia  from  the  condenser  passes  through 
a  fi/^-in.  pipe  line  a  distance  of  more  tlian  500  ft.  to 
the  building  containing  the  ice  tanks,  where  it  is  ex- 
panded through  the  coils.  The  expanded  vapor  from 
the  expansion  coils,  after  passing  through  the  coils  in 
the  distilled-water  storage  tanks,  returns  through  a  6-in. 
line  to  the  absorber  on  the  roof  of  the  power  house. 

The  exhaust  from  one  of  the  turbines  is  sufficient  for 
the  generator  under  ordinary  circumstances.  During  the 
summer  months,  with  condensing  water  at  95  deg.  F., 
the  increased  steam  consumption  due  to  back  pressure  on 
the  turbine  does  not  exceed  20  lb.  per  hr.  per  ton  of 
ice — about  one-third  that  required  for  a  compound  con- 
densing compression  machine.  During  the  winter 
months  the  excess  consumption  is  but  three  pounds  ]ier 
hour  ])er  ton  of  ice.  As  the  condensate  from  the  tur- 
bines is  free  from  oil.  the  ice  is  of  excellent  quality.  The 
plant  was  erected  under  the  supervision  of  Sargent  & 
Lundv,  consulting  engineers,  of  Chicago. 
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The  Diesel  Locomotive 

After  several  years  of  experimentation,  during  which 
many  obstacles  were  encountered  and  overcome,  a  Diesel 
locomotive  has  been  completed  and  put  in  service. 

Referring  to  the  description  on  page  470,  one  is  first 
impressed  with  the  apparent  complexity  of  the  arrange- 
ment as  compared  with  the  familiar  steam  locomotive. 
Flexibility  of  operation  has,  of  course,  been  one  of  the 
big  problems  in  working  out  the  design,  and  this  has  been 
obtained  only  by  the  employment  of  an  auxiliary  plant 
of  about  one-fourth  the  capacity  of  the  main  engines,  for 
starting  and  accelerating  up  to  a  speed  of  five  or  six  miles 
per  hour.  This  has  added  greatly  to  the  weight  per 
horsepower. 

Conceding  that  this  is  a  first  attempt  and  that  time 
will  undoubtedly  bring  improvements  with  corresponding 
simplification,  still  it  is  doubtful  if  the  Diesel  will  ever 
attain  that  degree  of  flexibility  possible  with  the  steam 
locomotive. 

The  gasoline  engine  has  reached  as  high  a  stage  of  de- 
velopment in  its  line  as  the  Diesel  engine,  yet  it  has 
proved  unsuitable  for  driving  interurban  cars  direct ; 
lience  the  gasoline-electric  drive  was  resorted  to  and  has 
given  excellent  satisfaction  on  many  roads.  It  would 
seem  that  the  field  for  the  Diesel  engine  for  locomotion 
might  lie  along  similar  lines. 

Figures  are  not  available  at  this  time  as  to  the  eco- 
nomic performance  of  this  locomotive,  and  until  they 
can  be  compared  with  those  of  a  steam  locomotive  run- 
ning under  similar  conditions,  the  commercial  value  of 
the  former  must  remain  an  unknown  factor. 

Standard  Pipe  Flanges 

The  committees  of  the  several  engineering  societies 
responsible  for  the  1912  United  States  Standard  for  Pipe 
Flanges  and  the  manufacturers  who  took  exceptions 
thereto  and  produced  the  Manufacturers'  Standard,  have 
gotten  together  and  effected  a  compromise.  While  this 
compromise  standard  is  not  so  good  as  could  have  been 
made,  starting  with  a  clear  field,  it  is  probably  the  best 
which  could  be  done  under  the  existing  circumstances, 
taking  into  account  the  interests  of  the  manufacturers 
and  the  protection  of  their  large  investment  in  patterns 
and  stock  of  the  prevailing  dimensions. 

The  compromise  was  effected  by  the  adoption  by  the 
manufacturers  of  the  number  of  bolts,  diameter  of  bolt 
circle  and  thickness  of  flange  advocated  by  the  com- 
mittees, retaining,  however,  their  own  face-to-face  and 
face-to-center  dimensions,  except  as  they  were  modified 
to  meet  the  other  changes.  This  brings  aboiit  the  desired 
uniformity  in  the  flanges  themselves,  and  sacrifices  only 
the  interchangeability  which  the  1912  U.  S.  Standard 
sought,  in  prescribing  the  same  face-to-face  and  face-to- 
center  dimension  for  fittings  for  similar  sizes  of  pipe. 
This  feature  was  of  less  practical  importance  than  it  ap- 
peared,   and    upon    the   comparatively   rare   occasions   in 


\\liich  fittings  in  a  pipe  line  are  removed  to  be  replaced 
by  others  of  the  same  size,  as  a  cross  for  a  tee,  the  user 
can  better  aft'ord  to  pay  the  slight  charge  for  a  special 
fitting  than  the  whole  trade  to  go  through  the  convulsion 
of  getting  them  all  alike. 

We  are  glad  to  see  the  matter  amicably  settled.  Manu- 
facturers representing  85  per  cent,  of  the  output  have 
come  to  an  agreement  with  the  committee  of  the  Ameri- 
can Society  of  Mechanical  Engineers,  and,  although  the 
committee  of  the  National  Association  of  Master  Steam 
and  Hot  Water  Fitters  has  not  yet  accepted  the  com- 
promise, it  is  practically  certain  that  the  double  standard, 
which  for  two  years  or  more  has  threatened,  will  be 
avoided,  and- that  we  shall  settle  down  to  one  American 
standard,  acceptable  alike  to  the  manufacturer  and  user. 

To  meet  the  wishes  of  the  waterworks  engineers  the 
dimensions  for  standard  fittings  have  been  given  up  to 
100  in.  in  diameter  instead  of  to  48  only,  as  before,  and 
of  the  extra-heavy  fitting  up  to  48  in.  instead  of  only 
to  24  in.  as  before. 

What  Is  the  Use? 

This  expression  has  been  used,  probably,  by  every 
reader,  as  a  reason  why  some  piece  of  work  should  or 
should  not  be  done,  or  why  some  particular  effort  should, 
or  should  not,  be  made.  It  is  a  natural  and  sensible  ques- 
tion to  ask  under  some  circumstances,  but  shows  lack  of 
forethought  in  others. 

If  a  new  power-plant  apparatus  is  suggested  the  en- 
gineer wants  to  know  "what  is  the  use"  of  putting  it  in. 
Will  it  assist  in  making  a  better  showing  in  the  plant 
economy,  or  will  it  fail  to  assist  in  the  operation?  If  the 
apparatus  is  installed  because  one  is  used  in  another  plant 
where  operating  conditions  are  radically  different  and  if 
it  cannot  produce  results  commensurate  with  the  cost, 
then  it  is  of  no  use,  from  a  monetary  standpoint. 

All  too  often,  however,  the  expression  "what  is  th'e 
use?"  is  the  result  of  indolence  on  the  part  of  the  engi- 
neer. The  boiler  room  is  dirty  and  untidy;  tools  are 
scattered  here  and  there,  coal  covers  the  floor,  the  ashpit 
is  nearly  filled  with  ashes  and  the  boiler  setting  is  badly 
cracked.  Ask  the  attendant  why  these  conditions  are  not 
changed  and  the  answer  will  doubtless  be,  "What  is  the 
use?  I  will  get  my  week's  pay  just  the  same  without  do- 
ing the  extra  work." 

If  the  fireman  is  contented  to  remain  in  the  same  posi- 
tion, year  after  year,  without  advancement,  working  for 
less  than  two  dollars  a  day,  in  some  cases  working  twelve- 
hour  shifts,  there  is  no  use  in  trying  to  better  his  own  or 
the  condition  of  the  plant,  if  he  can  manage  to  hold 
down  the  job. 

An  engine  knocks,  requires  valve  adjusting,  is  dirty, 
but  still  manages  to  turn  over  during  the  working  hours, 
regardless  of  the  amount  of  steam  consumed.  Ask  the 
engineer  why  he  does  not  attend  to  the  engine  and  the 
reply  will  be,  "What  is  the  use,  the  engine  runs,  doesn't 
it.  what  more  do  vou  want?" 
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From  the  standpoint  of  such  an  engineer,  nothing 
more  can  be  expected,  what  is  the  use?  Contented  to 
draw  his  pay,  content  with  allowing  the  engine  to  run 
itself,  such  a  man  will  spend  his  time  in  a  battered,  make- 
shift chair,  content  with  his  surroundings  and  with  him- 
self. 

Ambition  to  run  a  better  and  larger  steam  plant 
possesses  the  average  young  engineer.  He  has  sense  enough 
to  know  that  there  will  be  but  slight  possibilities  of  his 
assuming  control  of  larger  plants  unless  he  prepares  him- 
self for  the  position.  What  is  the  use  of  idling  away  days 
by  not  preparing  to  make  use  of  opportunities  when  they 
appear?  What  is  the  use  of  grumbling  at  the  apparent 
luck  of  others  who  reach  the  better  and  higher  positions, 
when  no  effort  has  been  made  on  the  part  of  the  dis- 
gruntled one  to  fit  himself  to  fill  the  place?  What  is  the 
use  of  being  discontented  with  existing  conditions,  when 
no  real  effort  has  been  made  to  change  them  ? 

The  men  who  occupy  the  desirable  engineering  posi- 
tions do  not  do  so  by  chance,  at  least  not  often  and  theji 
not  for  long.  The  men  who  operate  the  small  undesir- 
able steam  plants  do  not  do  so  because  fortune  has  not 
favored  them ;  not  as  a  rule.  Both  classes  of  engineers 
occupy  the  position  for  which  they  are  fitted. 

If  a  man  has  no  desire  to  advance  to  a  better  plant, 
earn  more  money  and  get  more  out  of  life,  there  is  no  use 
in  his  doing  anything  else  but  hold  down  the  old  job 
with  the  dirty  boiler  room  and  thumping  engine.  But 
what  kind  of  an  engineer  is  he? 


The  Thief  Discovered 

For  a  long  time  we  have  been  receiving  complaints 
that  remittances  sent  by  our  subscribers  were  unacknowl- 
edged, and  that  in  many  cases  a  second  claim  was  made 
for  money  already  sent. 

At  last  the  culprit  has  been  found  in  one  Charles  Mos- 
covitz,  a  clerk  in  the  New  York  City  General  Post  Office, 
who,  at  the  time  of  his  arrest  by  post-oflice  inspectors,  had 
thirteen  letters  addressed  to  Power  concealed  in  his  right 
sock.  Moscovitz  is  alleged  to  have  said  that  "he  had  no 
excuse  to  offer  and  that  he  was  prepared  to  take  his 
medicine."  The  federal  authorities  believe  that  his  steal- 
ings cover  a  period  of  nearly  nine  years. 

Between  Jan.  1  and  Sept.  20  of  this  year  there  were 
058  letters  containing  remittances  which  failed  to  reach 
this  office.  This  is  over  three  letters  for  each  working 
day.  entailing  a  loss  of  between  one  hundred  and  fifty 
and  two  hundred  dollars  a  month. 

Our  greatest  concern,  however,  has  been  for  the  trouble, 
dissatisfaction  and  annoyance  which  has  been  occasioned 
to  our  subscribers.  Our  wish  is,  of  course,  that  every  man 
who  pays  for  the  paper  should  get  it  regularly.  Our 
strength  is  in  our  circulation.  When  you  send  money 
by  mail,  make  it  as  little  apparent  as  possible  that  it  is 
money ;  remember  when  and  where  and  at  what  time  you 
mailed  it  and  the  sort  of  envelope  used,  and  if  you  don't 
get  an  acknowledgment  or  do  get  another  bill,  don't  cuss 
Power,  let  us  know  at  once. 

Your  bookkeeper  will  probably  be  glad  to  give  you  a 
check  in  exchange  for  your  cash,  and  if  a  Moscovitz  gets 
that  he  cannot  use  it,  while  its  nonreturn  through  the 
bank  will  show  that  we  did  not  get  and  use  it. 


The  New  Man 

Any  engineer  who  has  had  the  experience  knows  how 
unpleasant  it  is  to  be  put  in  charge  of  a  plant  without 
having  time  to  become  acquainted  with  the  peculiarities 
of  the  place  before  his  predecessor  quit  the  job.  Usually 
it  is  such  a  disagreeable  situation  to  find  oneself  in  that 
the  victim  will,  if  he  is  honest,  resolve  never  to  leave  a 
job  until  he  has  "broken  in"  his  successor,  if  possible. 

Power  plants  are  somewhat  like  men — no  two  are  alike. 
Each  has  its  characteristics,  individually  trivial,  but  the 
comulative  effect  of  them  is  such  as  to  warrant  individual 
consideration  to  avoid  inconveniences.  Minor  troubles 
are  often  discouraging  to  a  new  man,  although  he  should 
not  be  too  easily  disheartened.  But  if  these  small  troubles 
which  worry  and  often  seriously  confuse  nearly  every 
man,  can  be  avoided  by  having  his  predecessor  remain 
with  him  for  a  week  or  two,  why  not  have  him  there? 

Take  a  man  who  is  familiar  with  central-station  work 
or  the  plants  of  manufactories  only  and  place  him  in 
charge  of  a  large  office-building  or  department-store  plant. 
Suppose  that  man  were  you?  Would  you  not  do  youi 
work  better,  would  you  not  feel  more  favorably  inclined 
toward  the  management  if  your  predecessor  were  allowed 
to  remain  with  you  for  a  while?    Of  course  you  would. 

The  management  is  likely  to  fail  to  understand  this 
as  well  as  the  engineers  do  and  hence  they  should  be  in- 
formed of  the  need  of  getting  the  new  man  on  the  job  a 
week  or  so  before  the  old  one  leaves. 

Four  hundred  million  dollars  a  year  can  profitably  be 
used  in  the  development  of  electrical  industries  in  the 
United  States  during  the  next  five  years,  says  Frank  A, 
Vanderlip,  president  of  the  National  City  Bank  of  New 
York.  Such  figures  are  staggering  and  one  might  be 
inclined  to  accuse  Mr.  Vanderlip  of  being  over-optimistic, 
In  support  of  his  statement,  however,  he  cites  statistics 
to  show  that  the  investment  in  central-station  properties 
increased  during  the  period  1902  to  1907  from  five  huu- 
dred  million  to  one  billion  dollars.  Although  the  figures 
for  the  last  five  years,  1907  to  1913,  are  not  complete, 
they  indicate  a  present  investment  of  over  two  billion.  At 
this  rate,  Mr.  Vanderlip's  prophecy  seems  reasonable. 

Whether  the  rate  of  increase  has  reached  a  maximum 
is  hard  to  tell,  but  it  is  certain  that  the  field  for  elec- 
tricity in  industrial  lines  is  continually  broadening  and 
the  electrification  of  railroads  is  progressing,  slowly  per- 
haps, but  surely.  Moreover,  electricity  is  no  longer  re- 
garded by  the  public  in  the  light  of  an  experiment ;  hence 
such  investments  should  attract  capital,  especially  in  view 
of  the  guarantee  against  so  called  "high  finance,"  now 
afforded  by  public-service  commission  supervision. 

The  Central  Union  of  German  manufacturers  has 
adopted  a  resolution  declaring  that  the  great  majority  of 
German  manufacturers  are  absolutely  opposed  to  partici- 
pating in  the  Panama-Pacific  Exposition,  and  thanking 
the  German  government  for  its  attitude.  The  protesta- 
tions that  the  restrictions  placed  by  the  United  States 
upon  foreign  products  make  it  impossible  for  Germau 
industry  to  obtain  any  advantages  by  participating  in  the 
San  Francisco  Fair,  would  have  been  just  as  true  of 
Chicago  or  St.  Louis,  where  Germany  had  extensive  and 
creditable  displays. 
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Experience  with  Old  Brown  Engine 

Like'  nuuiy  euginct'i's,  1  eventually  liad  charge  of  an 
3-type  Brown  engine,  a  four-valve  gridiron-valve  engine 
ving  the  valves  and  governor  operated  from  a  layshaft 
nning  under  the  frame,  and  connected  to  the  main 
aft  by  bevel  gears.  Small  eccentrics  on  the  side  shafts 
3  connected  to  levers  which  engage  the  latches  that  lift 
e  valve.   .  As  with  other  four-valve  engines  of  the  re- 


FIG.  I  FtG.2    """^'^ 

Showing  How  Badly  the  Laix'hivs   W'kue  Bent 

ise  gear,  these  latch  blocks  must  be  ke|)t  in  good  eondi- 
in  to  insure  good  running  and  economical  operation. 
Although  this  engine  was  not  in  bad  shape,  some  of 
2  pins  were  badly  worn.  The  indicator  was  put  on  the 
gine,  and  some  peculiar  diagrams  taken.  Then  the 
IS  were  turned  around  and  as  much  lost  motion  taken 
as  possible.  The  indicator  cards  improved,  but  showed 
greater  mean  effective  pressure  on  one  end  of  the  cylin- 
r  than  on  the  other.  This  was  a  puzzle,  as  the  valves 
■re  carefully  set  according  to  the  shop  marks.  I  noticed 
at  one  of  the  latches  seemed  to  be  closer  to  the  tripping 
'er  than  the  other.     Thinking  that  one  of  the  tripping 


the  extia  siiims  required  on  the  tripping  levers  were 
likely  to  have  the  effect  of  changing  the  position  of  the 
governor,  and  possibly  cause  unsteady  operation  of  the 
engine.  The  latches  were  bent  by  holding  them  over  the 
edge  of  an  anvil  while  riveting  on  the  ease-hardened 
blocks. 

To  see  what  effect  changing  the  thickness  of  the  plates 
on  the  ends  of  the  latches  would  have  on  this  type  of 
ail  engine.  I  experimented  by  putting  tin  shims  on  the 
tripping  levers  of  the  rockshaft.  Fig.  3  shows  a  dia- 
gram from  each  end  of  the  c.yliuder  with  a  shim  ^ 
in.  thick  added  to  the  tripping  lever  on  the  crank  end. 
Fig.  4  shows  a  s'?-"'-  shim  added  to  the  head-end  trip- 
ping lever,  while  Fig.  5  is  a  normal  diagram. 

R.   A.    CULTRA. 

Cambridge,  Mass. 

Air-Receiver  Inspection  Needed 

Much  ado  has  been  made,  especially  in  some  of  the 
Central  states,  over  the  criminal  carelessness  of  engineers 
employed  at  mines.  That  compressed-air  plants,  in  many 
instances,  are  operated  under  dangerous  conditions  is 
known  no  better  than  by  some  of  the  engineers  them- 
selves. But,  these  engineers  may  be  working  under  orders 
which  to  disobey  would  mean  the  loss  of  their  jobs,  and 
many  an  engineer  with  a  small  salary  and  a  large  family 
would  lake  a  chance  on  his  life  as  soon  as  take  a  chance 
on  his  job.  But  if  any  plant  so  operated  be  put  under 
state  inspection  and  the  engineer  in  charge  given  to 
under.-^tand  that  any  neglect  or  carelessness  will  mean 
dismiss;! I.  then  orders  will  be  obeyed  and  conditions  will 
become  safer. 

That  there  are  more  explosions  of  air  receivers  than 
of  boilers  according  to   tlie  number  of  each  in  use  is  a 
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Brown  Encjine  Diaorams,  Showing  Effect  of  Putting  Siiims  in  Tripping  Levers 


'ers  had  been  set  farther  forward  on  the  rockshaft  than 
?  other,  I  loosened  it  to  set  it  back,  and  thus  equalize 
J  cutoff.  To  my  surprise  the  rockshaft  had  been 
potted"  for  the  setscrew,  and  the  lever  wan  set  at  the 
ap  mark.  Before  taking  out  the  rockshaft,  I  concluded 
put  on  new  latch  blocks,  and  so  removed  both  latches. 
'  chance  I  got  them  side  by  side  edgewise,  and  then  I 
ticed  that  there  was  a  difference  of  %  in.  in  their 
gles. 

The  end  of  the  latch.  Fig.  1,  was  sprung  iV  in.,  a.s 
3  dotted  line  indicates,  while  the  latch  on  the  other 
d  resembled  Pig.  2.  Tliis  was  the  reason  why  tlie 
toffs  could   not  be  equalized.      It  could   be   done,   but 


proof  of  what  inspection  will  do  toward  rendering  a 
plant  safer,  for  many  air  receivers  are  not  subjected  to 
state  or  insurance  inspection. 

If,  too,  an  explosion  occurs  in  a  plant  not  under  state 
or  insurance  inspection  and  operated  by  a  non-licentsed 
man,  then  no  one  competent  is  compelled  to  make  a 
thorough  investigation  and  "the  can  is  usually  tied  to 
the  wrong  man"  while  the  plant  still  continues  to  be 
o]ierated  in  the  same  dangerous  manner.  If,  by  chance, 
the  blame  is  put  on  the  right  party  he  simply  looks  up 
another  job  and  goes  on  as  before. 

But,  let  an  explosion  take  place  in  a  plant  under  state 
inspection   and   operated   by   licensed   'jngineers,   then,  j 
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thorougli  investigation  if;  made  by  a  competent  inspector, 
who  will  find  the  right  man,  have  him  discharged  and 
his  license  revoked,  which  will  be  a  guarantee  that  he 
will  not  have  the  opportunity  to  do  the  same  thing 
again. 

The  writer  has  been  employed  as  operating  engineer 
in  eight  different  compressed-air  plants,  six  of  which 
were  operated  under  dangerous  conditions. 

The  following  observations  were  made  concerning  those 
operated  under  state  inspection  and  those  that  were  not: 

Total   number  of  air   compressors   operated   with   receiver 

connections   44 

Total  number   (including  receivers)   under  state  inspection  0 
Total    number    (including    receivers)    under    insurance    in- 
spection       0 

Total    number    explosions 4 

Total   number  men  discharged   on  account  of  explosions..  0 

Total  number  licenses  revoked 0 

Boilers  operated  in  connection  with  tliese  eight  plants 
as  follows: 

Total    number    operated 39 

Total   number  under   state   and   insurance   inspection 22 

Total   number    under   state    inspection    only 26 

Total  number  under  insurance   only 2 

Total  number  under  neither  state  nor  insurance  inspection  11 

Total    number    of    explosions 1 

Total  number  men  discharged  on  account  of  explosion...  1 

rotal  number  licenses  revoked 1 

The  above  table,  though  somewhat  meager,  seems  to 
me  to  substantiate  the  theory  that  state  inspection  will 
bring  about  the  safest  possible  conditions  for  boilers,  air 
receivers,  etc.,  while  insurance  inspection,  though  more 
limited  in  its  authority,  will  do  much  toward  lessening 
the  number  of  explosions. 

R.  S.  Hart. 

Stockett,  Mont. 


Nozzles    for  Washing  Boilers 

In  ordinary  washing  of  ivturn-tubular  boilers  it  is 
mstomary  to  de])eud  upon  the  impingmeut  of  a  stream 
3f  water  from  the  nozzle  of  a  hose  introduced  througli 
landholes  or  manholes  in  the  boiler.  The  process  is  any- 
:hing  but  effective  in  removal  of  scale  and  mud  which 
iuight  be  looseued  and  washed  from  the  surfaces  of  the 


Fig.  1.  Xozzi.Es  for  Washing  Boiler  Tubes  axd  Shell 

ubes  and  shell  if  subjected  to  the  erosive  action  of  a 
stream  of  water  of  high  velocity,  directed  normally  to  the 
ube  and  shell  surfaces.  The  use  of  a  bent  pipe  for  di- 
recting the  stream  of  water  to  various  parts  of  the  boiler 
It  best  is  suitable  for  reaching  only  portions  of  the  tubes 
md  shell  surfaces  and  the  upper  and  lower  surfaces  of 
:h2  tubes  receive  little  or  no  benefit. 

For  overcoming  these  difficulties  T  have  constructed 
lozzles  such  as  shown  in  the  accompanying  sketches  and 
)y  their  use,  supplied  with  water  at  100  to  125  lb.  pres- 


sure from  a  house-tank  pump,  have  been  enabled  during 
the  past  two  years  to  keep  the  tube  and  shell  surfaces  of 
my  boilers  clean  with  noticeable  improvement  of  boiler 
economy  and  steaming  capacity. 

Referring  to  Fig.  1,  A  is  a  %-in.  tee  into  which  are 
screwed  nozzles  B  and  B,  which  are  made  from  1-in. 
square  steel,  each  nozzle  being  bored  its  full  length  with 
a  hole  %  in.  diameter  counterbored  at  each  end,  as  shown 
by  the  dotted  lines.  The  pipe  CD  is  connected  to  A  and 
is  provided  at  its  lower  end  with  an  elbow  E,  short  nipple 


Fig.  2.    Nozzles  for  Washing  BoiLEit  ab(jve  Tcbes; 

and  brass  ground  spanner  union  for  coupling  the  nozzle 
pipe  to  a  reacli  pipe  P. 

The  nozzle  pipe  CD  being  detached  from  P  is  readily 
introduced  through  a  manhole  or  handhole  near  the  bot- 
tom of  the  boiler  and  the  nozzle  end  raised  up  between 
the  tubes. 

By  then  turning  the  nozzle  pipe  90  deg.,  as  shown  in 
the  cross-sectional  view  of  the  boiler,  it  may  be  supported 
on  the  middle  pair  of  a  horizontal  row  of  tubes,  as  shown 
in  Fig.  1,  at  a  height  depending  on  the  length  employed 
for  the  nozzle  pipe  CD,  and  by  means  of  the  union  U  con- 
nected to  a  reach  jjipe  supplied  with  water  through  a. 
high-pressure  hose  connected  to  a  pump  or  other  source 
of  high-pressure  water  supply.  When  thus  connected, 
the  water  supply  being  turned  on,  the  nozzle  pipe  by 
means  of  the  reach  pipe  is  moved  from  one  end  of  the 
boiler  to  the  other,  while  powerful  jets  of  water  are  pro- 
jected between  the  tubes,  impinging  on  the  sides  of  the- 
shell  and  the  upper  and  lower  sides  of  the  tubes,  as  il- 
lustrated in  Fig.  1. 

The  object  of  making  the  nozzles  B  of  square  steel  is 
that  they  may  act  as  scrapers  for  removal  of  any  deposit 
formed  on  the  upper  or  lower  sides  of  the  tubes  between 
which  the  nozzles  are  passed. 

For  washing  the  tubes  of  our  66-in.  boilers  we  use  three 
different  lengths  of  nozzle  pipes  like  CD,  and  for  washing 
the  shell  above  the  tubes  use  nozzles  formed  of  bent  pipe^ 
as  shown  in  Fig.  2  with  duplicate  coupling  fittings  for 
attaching  the  nozzle  pipes  interchangeably  to  the  reach 
pipe  P. 

Boiler-washing  nozzles  of  the  kind  described  can  be 
made  up  of  materials  to  be  found  in  most  any  power- 
plant  at  only  a  nominal  cost  of  construction  and  when 
used  at  proper  intervals' with  water  at  high  pressure- 
will  be  found  to  give  satisfactory  results. 

The  elBcieney  of  these  nozzles  in  cleaning  boilers,  wheru 
used  with  high  pressure  of  water,  is  remarkable. 

A.   E.    Borxmaxx.^ 

New  York  City. 
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Soda-Ash  for  Boiler  Waters 

A  very  serious  and  readily  evident  error  appears  in  my 
article  under  the  above  head  in  the  Sept.  16  issue,  page 
412. 

It  is  stated  that  275.13  lb.  of  soda  a.sh  is  needed  to 
make  a  solution  of  3  per  cent,  normal  alkalinity  with 
5000  lb.  of  water,  which  is  the  amount  that  a  100-hp. 
horizontal  tubular  boiler  will  contain  when  full  to  nor- 
ma! water  level.  This  amount  is  greatly  excessive,  owing 
to  the  fact  that  55  grams  is  given  as  the  amount  of  soda- 
ash  necessary  to  produce  a  3  per  cent,  normal  solution 
with  1  liter  of  water.  A  normal  solution  contains  53 
grams  per  liter;  a  3  per  cent,  normal  solution  will  con- 
tain 

53  X  0.03  =  1.59  grams  per  liter 

aud  a  gallon  of  3  per  cent,  normal  solution  will  contain 

1.59  gr.  X  3.79  liters  =  6.02  gr. 

A  100-hp.  horizontal  tubular  boiler  containing  5000, 
lb.  of  water  will  require 

600.34  gal.  X   6.02  =  3613.44  gr.,  or  7.97—  Ih. 
of  soda  ash  to  bring  it  up  to  3  per  cent,  normal  alkalinity. 

It  is  unfortunate  that  the  error  occurred,  but  as  it  is 
so  evident,  it  is  hoped  that  all  who  read  the  article  im- 
mediately discovered  it. 

Charles  H.  Bkojiley. 
li    New  York  City. 

Power-Plant  Vibration 

The  article  by  F.  II.  Davies  on  the  above  subject  in  the 
Aug.  12  issue  of  Power  prompts  me  to  write  the  follow- 
ing: 

Several  years  ago  an  engine  was  installed  in  one  of  the 
jcientific  bureaus  in  Washington.  The  upper  floors  of 
;he  building  were  occupied  by  instrument-testing  labora- 
,;ories,  the  work  in  which  would  be  disturbed  by  excessive 
i/ibration.  For  this  reason  the  engine  foundation  was 
ouilt  entirely  isolated  from  the  engine-room  floor,  a  space 
|)f  about  14  in-  being  left  between  them. 
:  The  soil  in  this  vicinity  is  dry  and  of  a  stable  character 
lind  will  not  conduct  vibrations  to  any  great  extent.  As 
[■hown  by  the  sketch  there  is  a  sub-basement  under  the 
,!ngine-room  floor,  and  it  was  thought  that  dirt  falling 
into  the  Vg-in.  insulating  space  would  fall  through  into 
ihe  basement.  For  some  reason,  however,  the  floor  of  the 
foundation  seemed  to  spread  gradually,  until  in  time  the 
asulating  space  was  entirely  closed  in  places,  with  a  con- 
equent  increase  in  the  vibration  transmitted  to  the  build- 
i'lg- 

:  Becently  another  engine  was  installed  in  the  same 
uilding  and  a  modification  of  the  method  first  used  with 
atisfactory  results.  Fig.  1  shows  the  general  layout  of 
he  foundation  with  relation  to  the  surrounding  floors, 
fig.  2  is  intended  to  show  more  clearly  the  method  used 
jJ  provide  a  cover  to  the  2i/|-in.  insulating  space.  A 
'over  was  deemed  advisable  for  this  space  to  prevent  a 


possible  accident  to  persons  walking  around  the  engine. 
Strap  irons  were  fastened  to  the  floor  and  foundation  in 
ihe  manner  illustrated,  the  lugs  and  bolts  being  imbedded 
in  the  concrete  as  it  was  poured  into  the  forms.     On  the 


TileSurface  H     Jife  Surface 


.  •  iS 


Fig.  1.    Foundation  as  First  Designed 

foundation  side  the  bolts  fastening  the  straps  to  the  im- 
bedded lugs,  were  placed  so  that  a  14x214-111-  strap 
iron  laying  on  the  bolt  heads  would  level  up  the  insulating 
space.  The  strap  iron  is  a  little  less  in  width  than  the 
space  in  which  it  lies.  This  arrangement  efl^ectuaUy  pre- 
vents the  transmission  of  vibration  from  the  engine  to  the 


Fig.  2.    Modification  op  First  Method 
of  Joining  Floor  to  Foundation 

floor  and  there  is  no  foot  trap  around  the  engine  to  cause 
an  accident. 

H.  G.  Gibson. 
Washington,  D.  C. 


Mr.  Davies'  article  was  read  with  interest,  and  it  is 
hoped  that  it  may  prompt  others  to  contribute  to  the 
literature  on  the  subject.  Vibrations  in  plants  of  hotels, 
office  buildings,  apartments,  etc.,  is  often  difficult  of 
elimination. 

H.  C.  Mareus. 

Cleveland,  Ohio. 
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Running;  Without  Ridlne  Cutoff^How  could  an  engine  be 
kept   running   temporarily   if   the   riding   cutoff   gave   out? 

R.  B. 

In  an  ordinary  Meyer  riding-cutoff  valve  gear,  by  remov- 
ing the  cutoff  valve  from  the  steam  chest,  the  distribution  of 
steam  could  be  effected  by  the  main  valve  working  as  an 
ordinary  slide  valve,  cutting  off  at  the  longest  distance  the 
steam  -n-ould  be  admitted  in  ordinary  operation.  If  the  cutoff 
valve  of  the  engine  were  operated  direct  by  the  governor,  it 
would  be  necessary  to  control  the  speed  of  the  engine  by  the 
hand  throttle  valve   or  by  a   throttling  governor. 


Effect  of  Advancing  Eccentric — What  would  happen  if  the 
eccentric  of  a  Corliss  engine  were  advanced  45  deg.  beyond 
the  right  position? 

R.    B. 

The  events,  as  admission,  release  and  closure  of  the  ex- 
haust, would  occur  one-eighth  of  a  revolution  earlier.  Ad- 
mission would  create  so  much  back  pressure  before  com- 
pletion of  the  return  stroke,  opening  of  the  exhaust  would 
occur  so  soon  after  cutoff  and  compression  of  exhaust  would 
begin  so  soon  in  the  return  stroke,  from  early  closure  of  the 
exhaust,  as  to  leave  the  engine  capable  of  developing  very 
little,   if  any.  power. 


Preventing  Boiler  forrofiion — When  installing  a  new  boiler 
can  craphite  or  anything  else  be  used  to  prevent  corroding 
and  pitting  and  keep  the  plates  and  tubes  tight  and  free 
from  rust? 

B.    R. 

It  would  be  best  to  give  the  inside  of  the  shell  and  water 
side  of  the  tubes  a  thorough  coat  of  graphite  paint  when  the 
boiler  is  made,  before  the  tubes  are  set  in  the  boiler.  If  the 
boiler  is  already  constructed,  paint  all  interior  surfaces  that 
can  be  reached  and  use  sufficient  graphite  introduced  with  the 
feed  water  to  form  a  good  coating  of  graphite.  It  will  hinder 
corrosion   and  prevent   adhesion   of  scale. 


Moisture  In  OII-Fnel  Burning — In  conducting  tests  of  our 
oil-fuel-burning  boiler  we  have  obtained  results  that  vary 
perceptibly  while  the  conditions  of  boiler,  burner,  etc.,  have 
been  uniform.  Atmospheric  conditions  have  varied  from  dry 
to  humid  days.     Has  humidity  any  effect  on  boiler  efficiency? 

L.    B.   D. 

Yes,  during  the  oil-fuel-burning  tests  conducted  by  the 
Bureau  of  Steam  Engineering  of  the  navy  it  was  found  that 
a  decrease  in  efficiency  was  produced  by  humidity,  due  to  two 
causes:  To  the  displacement  of  an  amount  of  oxygen  in  a 
given  volume  of  air  by  the  moisture  in  the  air,  which  re- 
quires an  excess  in  volume  of  air  for  completing  combustion, 
with  consequent  loss  of  heat  in  the  stack;  to  the  decreased 
rapidity  of  diffusion  of  the  combustible  gases  with  oxygen 
due   to  the  presence   of  inert   moisture. 


Difference  of  Boiler  Pressures — When  two  boilers,  say  one 
of  250-  and  one  of  200-b.hp.  capacity,  are  connected  to  the 
same  steam  line,  what  can  cause  one  to  show  a  higher  pres- 
sure than  the  other? 

P.   H.  K. 

When  for  any  reason  either  of  them  generates  steam 
faster  than  it  can  be  discharged  into  the  steam  line,  then  the 
pressure  will  rise  in  that  boiler  and  faster  than  in  the  other, 
just  as  might  happen  if  one  boiler  had  its  main  stop  valve 
partly  closed.  The  same  relative  conditions  might  exist  from 
the  throttling  action  of  the  steam-pipe  connections  of  one 
boiler  being  different  from  the  other,  and.  as  the  relative 
throttling  action  varies  for  different  rates  of  steaming  and 
different  discharging  pressures,  the  pressures  in  two  boilers 
connected  to  the  same  steam  pipe  are  seldom  absolutely  the 
same,  and  their  difference  is  constantly  changing  with  the 
variations  in  Intensities  of  their  furnace  fires. 


The  best  way  to  trace  the  cause  of  the  noise  is  to  run 
the  compressor  only  just  fast  enough  for  the  hammering  to 
take  place.  Then  observe  whether  it  may  not  be  due  to  the 
noise  of  sudden  seating  of  the  check  valve  being  conveyed 
to  the  receiver.  A  larger  check  valve  might  remedy  the 
trouble,  or  a  muffler  placed  between  the  check  valve  and  re- 
ceiver would  probably  prevent  the  noise  being  carried  to  the 
receiver.  Such  a  muffler  could  be  a  cylinder  of  cast  iron  of 
about  three  times  the  diameter  of  the  air  pipe  and  about  four 
times  as  long  as  its  own  diameter,  divided  by  partitions  into 
about  five  compartments  "with  each  partition  cut  out  in  the 
center  by  a  hole   the   size  of  the   main  air   pipe. 


Pump  Would  Not  AVorli — Can  a  pump  with  a  4-ln.  diameter 
steam  cylinder  and  3-in.  diameter  water  cylinder  deliver 
water  into  a  boiler  20  ft.  above  it  carrying  a  pressure  of  100- 
Ib.   gage? 

C.   A.  R. 
The  pump  has  to  overcome  the  pressure  due  to  20  ft.  head 
of    water    in    addition    to    the    boiler    pressure.      As    each    foot 
of  head  would  create  0.433  lb.  the   pressure  due  to  20-ft.   head 
would    be 

0.433    X    20    =    S.66   lb.    per   sq.in. 
The    pressure    from    the    boiler    being    100    lb.,    the    total    to    be 
overcome   by  the  pump  would   be 

100  +   S.68  =   108.66  lb.  per  sq.ln. 
The  pressure  acting  in  the  steam  cylinder   would   be  its  area 
in  square  inches,  multiplied  by  100  lb.,  i.e., 

12.566  sq.in.    X    100    =    1256.6   sq.in., 
and   as   a   3-in.   diameter   water   piston    has   an   area   of   7.0686 
sq.in.,    neglecting    friction,    the    resistance    to    motion    of    the 
■water  piston  would  be 

10S.66    X    7.06S6    =    768.074076   lb. 
The  mechanical  efficiency  of  the  pump  would  have  to  be 
768 

—  61  per  cent. 

1256 
As   this    efficiency   for   small   pumps    is    rarely   above   50    per 
cent.,  it  is  not  probable  that  a  boiler-feed  pump  would  oper- 
ate under  the  conditions  stated. 


.\Ir  RecelTer  Pound — What  may  be  the  cause  of  a  pound 
in  the  receiver  of  an  air  compressor  and  how  may  it  be 
stopped? 

F.    B. 


Determining  Heater  Size — How  does  one  arrive  at  the  size 
of   open    feed-water   heater   required   under    given   conditions? 

F.    E.    B. 
The    proportions    will    vary    depending    on    numerous    con- 
ditions such  as  the   character  of  the   water,   the  arrangement 
of    the    trays,    etc.,    but    generally    the    size    of    the    shell    for 
a  cylindrical   heater  should  be  approximately   as  follows: 
H 


H 

L    -   

a  A 
in   which 

A    =    Sectional  area   of  shell,   square  feet.; 
L   =    Length  of  shell,  feet; 

H    —    Water    to    be    heated    per    hour    divided    by    steam 
used    per    horsepower    per    hour   by    the    engine, 
pounds; 
a    =    Constant    depending    on    the    kind    of    water — very 
muddy,  2.15;  slightly  muddy,  6;  clear,  8. 
Some  modification  in  the  pan  or  tray  surface  will  be  neces- 
sary according  to  the   quality  of  the  water,   but  in  relation  to 
mud-  and  scale-making  ingredients,  the  surface  in  square  feet 
for   each    1000   lb.    of   water  heated   per   hour   may   be    taken   as 
follows: 

For  the  vertical  type  of   heater: 

Verv   bad   water S.o 

Medium    muddy    water 6 

Clear  and  little  scale 2 

For  the   horizontal  type  of  heater: 

Verv  bad  water 9-1 

Medium    muddy    water 6-5 

Clear  and  little  scale 2.i 

Between    rectangular    pans    the    space    should    be    not    less 

than    one-tenth    their    width,    or    for    round    pans    one-quarter 

their  diameter,  and  about  a  quarter  of  the   total  depth  should 

be  left  for  a  storage  and  settling  chamber. 


^Se|)t('iiihcr  .id,  r-M. 
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Boiler  Efficiency — II 

Before  startiug  a  test  all  iiisti-umciits  and  wcighiiii;' 
or  measuring  apparatus  should  lie  examined  and  put  in 
good  order  and,  where  deemed  ueeessary,  they  should  be 
tested  for  accuracy.  IT  possible,  the  blowoff  and  other 
water  connections  that  can  be  dispensed  with  temporarily, 
such  as  an  extra  feed  pipe,  should  be  disconnected  and 
sealed  with  blank  fianges.  This  is  to  eliminate  the  dan- 
ger of  error  due  to  water  leaking  out  without  being  evap- 
iirated.  The  boiler  should  be  examined  both  outside  and 
111  and  a  full  memorandum  of  its  condition  during  the 
test,  as  indicated  by  this  preliminary  examination,  shoukl 
lie  included  in  the  report.  This  may  be  of  A'alue  in  ex- 
|ilaiiiiiig  why  the  results  secured  are  good,  bad  or  indif- 
,  terent,  as  the  ease  may  he.  If  the  test  is  for  the  pur- 
pose of  ascertaining  the  highest  obtainable  capacity  or 
etficiency,  the  boiler,  rurnace  and  setting  should  be  put 
into  the  best    |Missilile  ciiiKlition. 

DlMiATION  OF  TlOST 

The  necessary  length  of  the  test  will  depend  on  its 
purpose  and,  somewhat,  ou  local  conditions.  The  greater 
the  duration  the  less  will  be  the  effect  of  the  errors  that 
■occur  at  the  beginning  and  ending.  Where  the  test  is 
run  under  actual  working  conditions  a  duration  of  24  hr. 
yields  data  on  all  conditious  of  load  and  operation.  How- 
ever, it  is  not  always  possible  or  convenient  to  conduct 
a  test  of  that  length  and,  hence,  a  shorter  one  is  often 
made  to  suffice.  One  of  8  hr.  is  about  as  short  as  is  safe 
if  any  dependence  is  to  lie  ]>ut  u]ion  it:  a  10-hr.  one  is 
lietter. 

S'i'Aii'rtxc  ,\\ii  Stoi'I'INo  Ti;st 

Unless  proper  care  is  employed  errors  are  likely  to 
iiccur  at  the  beginning  and  ending  of  a  test.  EfEorc 
should  be  made  to  have  conditions  at  the  start  and  the 
finish  as  nearly  the  same  as  possible;  the  steam  pressure 
and  water  level,  also,  the  size  and  condition  of  the  tire 
should  be  as  nearly  equal  as  possible. 

The  code  of  the  American  Society  of  Mechanical  En- 
gineers outlines  two  methods  of  starting  and  stopping. 
One  is  called  the  "standard"  method  and  the  other,  the 
"alternate"  method.  The  first  mentioned  one  consists 
of  drawing  the  fire  Just  before  the  start  and  building  a 
new  one  on  the  clean  grates,  dating  the  start  from  the 
time  a  new  tire  is  lit. 

At  the  end  the  fire  is  burned  thin  and  drawn,  the  finish 
being  dated  at  that  time.  This  method  is  open  to  criticism 
as  there  is  considerable  chance  for  error,  due  to  the  boiler 
being  cooled  when  the  fire  is  drawn  at  the  start  and 
tinksh.  In  addition,  this  method  is  considerably  less 
convenient  than  the  alternate  method.  The  latter  is  as 
follows : 

See  that  the  boiler  has  been  thoroughly  heated  by  a 
])reliniinary  run  of  suitable  length  at  the  working  pres- 
sure.    Burn  the  fire  low  and  clean  it  well.     Then  make 


an  estimate  (if  the  tliiikiicss  and  ciindition  of  the  fire  an( 
make  a  memdrandiim  of  this.  Note  the  time  and  recor( 
this  as  the  starting  time  nf  the  lest  and.  then,  i3roeee( 
with  perindic  (il)ser\atii)ii  of  the  \arious  pressures,  tem 
jieratures.  etc  Stoke  the  lire  with  enal  that  has  beei 
weighed  and  keep  a  reeonl  of  the  aiiKiunl  used.  In  th 
same  way.  keep  a  reennl  of  liie  (n-d  water  pumped,  start 
ing  with  the  time  that  is  recdi'ded  as  the  lieginning  o 
the  test. 

As  siioii  as  the  test  is  started,  clean  out  the  ashpi 
thuroughly  and  lliniw  away  the  ashes  thus  collectetl  a 
they  are  not  to  ln'  eiitere(|  in  the  lest  report.  Before  th 
end  of  the  test  the  lire  ^lunilil  he  liurned  low,  justasbe 
fore  the  start  ami  then  cleaned  so  that  it  will  have  a 
nearly  as  ])ossilile  the  same  thickness  and  condition  a 
at  the  start.  Likewise,  hring  the  water  level  to  as  near!; 
as  pussibh'  the  same  height  as  at  the  start.  One  way  t' 
gage  the  thickness  cf  the  lire  is  to  drop  the  rake  into  i 
so  that 'the  tines  touch  the  grate  liars  and  then  not 
the  distance  they  iia\i'  heeii  Inirieil  in  the  fuel  bed.  Fo 
convenience  in  kee|)iiig  the  water  level  uniform  a  strin; 
is  tied  around  the  gage-glass  at  the  level  of  the  water  a 
the  start.  With  an  automatic  feed-water  regulator  thi 
is  unnecessary  but  still  it  is  a  good  thing  to  have  tlr 
string  there  simply  as  a  check  on  the  regulator. 

Tkst  Iii:pouT 

Table  1  shows  the  standard  form  of  reporting  boilc 
tests.  It  has  been  slightly  changed  and  abbreviated  t' 
suit  practical  cases  and  filled  in  with  data  from  ai 
imaginary  test  so  that  it  may  be  taken  as  a  model  fo 
regular  use. 

The  number  of  miai  reipiired  to  conduct  a  test  de 
peuds  upon  the  nuinber  of  diiferent  observations  to  b 
made,  the  interval  of  time  between  them  and  the  arrange 
ment  of  the  boiler  accessories  and  testing  apparatus 
hence,  no  definite  directions  can  be  given  ou  this  mattei 
If  all  readings  are  taken  every  15  min.,  which  is  th 
customary  interval  when  complete  data  are  desired,  ii 
addition  to  one  man  for  measuring  and  recording  th 
feed  water  and  one  mail  for  the  coal,  at  least  one  extr, 
man  will  be  required  to  analyze  the  flue  gases  and  per 
haps  a  fourth  man  will  he  needed  to  observe  temperature.' 
pressures,  etc.  hjach  man  should  be  jjrovided  with  a  suit 
able  chart  or  paper  which  should,  if  necessary,  be  rulei 
off  so  that  the  time  of  each  reading  as  well  as  the  read 
ing  itself  may  be  noted  down  without  confusion  and  un 
due  danger  of  error.  At  the  end  of  the  test  each  set  o 
readings  is  added  tip  and  divided  by  the  total  numbe 
of  times  which  tiiat  particular  reading  has  been  recordei 
so  as  to  get  the  average,  which  is  then  entered  in  it 
proper  place  on  the  report  form.  The  total  coal  am 
water  quantities  are  also  entered  upon  the  report,  as  in 
dicated  in  Table  1. 

In  order  to  present  an  actual  practice  problem  witl 
which  those  who  wksh  may  test  their  grasp  of  the  sub 
jects  involved,  only  data  and  not   results  have  been  en 


484 


P  0  W  E  R 


Vol.  38,  No.  14 


tered  in  Table  1.  The  results  and  the  calculations  neces- 
sary to  estimate  them  will  be  given  in  full  in  next  week's 
lecture.  The  average  temperature  shown  by  the  ther- 
mometer on  the  exhaust  side  of  the  calorimeter  may  be 
taken  as  272  deg.,,  for  the  imaginary  test. 

TABLE    1.       BOILER-TEST    REPORT    FORM 
Data  and  results    of  evaporative   test 

made  by Arthur  Jones  and  assistants 

Of.... A  Heine   type   water-tube   boiler 

At Plant  of  Smith  Mfg.  Co.,  New  York  City. 

To  determine.  ..  .Efficiency   under  actual  operating  conditions. 

Kind  of  fuel No.  2  buckwheat 

Kind  of  furnace Hand  fired  with  shaking  grates 

State  of  weather Fair,  with  average  temperature  at  37  deg 

Method  of  starting  and  stopping Alternate 

Date  of  test Feb.  13.  1913 

Duration  of  test 10  hr. 

Dimensions  and  Proportions 

Grate  surface Width,  8  ft.  10  in.;  length,  7  ft.;  area.  G2  sq.ft 

Height  of  furnace ,  .  34  in. 

Water-heating  surface 2150  sq.ft. 

Superheating  surface None 

Average  Pressures 

Steam  pressure  by  gago 103  (abs.)  lb.  per  sq.in. 

Draft  at  damper 0 . 9  in.  of  water 

Draft  in  furnace 0 .  G  in.  in  water 

Difference  in  draft  between  furnace  and  damper 0.3  in.  of  water 

Difference  in  draft  between  ashpit  and  furnace 0.6  in.  of  water 

Average  TeinpiTature 

Air  in  fire  room 02  deg.F 

Feed  water  entering  boiler ^09  deg.F 

Gases  escaping  from  boiler 540  deg.F 

Fml 

Total  weight  of  coal  as  fired 10.372  lb 

Moisture  in  coal  as  fired 7  percent 

Total  weight  of  dry  coal  supplied  to  furnace lb 

Total  weight  of  ash  and  refuse 1S97  lb 

Percentage  of  ash  and  refuse  in  dry  coal lb 


Proximate  Analysis  of  Coal 

Coal  as  fire. 

per  cent. 


Dry  coal 
per  cent. 


Moisture 

Volatile  matter. 
Fixed  carbon. . . 
Ash 


3,49 
76.35 
13.16 


Analysis  of  Ash  and  Refu 


Dry  coal  consumed  per  hour.  . 
Dry  coal  per  sq.ft.  grate  per  hr 


Heat  Value  of  Fuel,  R.t.u.  per  Pound 

Coal  as  Fired         Dry  coal 
12,600 


,  .  per  cent. 

deg. 

.83,125  1b. 


Quality  of  Steam 

Moisture  in  steam 

Superheat 

Total  weight  of  water  fed  to  boiler.  .  .  . 

Water  per  Hour 

Water  fed lb.  per  hr 

Water  actually  evaporated  (corrected  for  moisture  in  steam lb.  per  hr 

Factor  of  evaporation 

Actual  equivalent  evaporation lb.  per  hr 

Horsepower 

Horsepower  developed 

Builders'  rated  horsepower 

Percentage  of  builders  rating,  developed 
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Results 

NA'^ater  apparently  evaporated,  actual  conditions  per  pound  of  coal  as  fired lb 

Actual  equivalent  evaporation  per  lb.  coal  as  fired lb 

Actual  equivalent  evaporation  per  lb.  dry  coal  fired lb 

Actual  equivalent  evaporation  per  lb.  combustible  burned lb 

Efficiency 
Efficiency  of  boiler  (heat  absorbed  per  lb.  comb,  burned  divided  by 

heat  value  of  1  lb.  comb.) per  cent. 

Efficiency  of  boiler  and  grate  (heat  absorbed  per  pound  of  coal  fired 

divided  by  heat  value  of  1  lb.  coal) per  cent. 

Cost  of  Evaporation 

Cost  of  coal  per  ton  of  2.000  lb.  delivered  in  furnace S2  90 

Cost  of  coal  used  for  evaporating  1,000  lb.  water  from  and  at  212  deg 

Analysis  of  Flue  Gases 
Carbon  dioxide  (COq>  10  7  per  cent. 

Oxygen  (O) 8  7  per  cent. 

Carbon  monoxide  {Ci-A  0,4  per  cent. 

Nitrogen .    . 

Method  of  Firing. 

Kind  of  firing  (spreading,  alternate  or  coking).  .  ,  spreading 

Average  thickness  of  fuel  bed 5  in. 

Average  time  between  firings  for  each  furnace  during  time  when  fires  are 

in  normal  condition 11  min. 

Average  time  between  leveling  or  breaking  up 32  min. 

Average  time  between  cleanings 5  hr. 


Industrial   Power  in  the  United  States 

Increased  u.se  of  ga.s  engines  and  of  electrie  power, 
especially  the  latter,  is  the  most  striking  and  significant 
showing  made  in  the  abstract  of  figures  from  the  thir- 
teenth census,  tabulating  the  figures  as  to  engines  and 
power  u.sed  in  the  manufactures  of  the  United  States, 
It  has  taken  the  Census  Office  nearly  three  years  to  make 
this  compilation,  the  figures  given  being  for  1909. 

The  total  horsepower  of  electric  motors  in  use  in  1901) 
was  4,817,140,  as  compared  with  492,936  in  1899,  or 
an  increase  of  nearly  a  thousand  per  cent.,  while  the 
number  of  electric  motors  increased  from  16,891  in  1899 
to  73,119  in  1904,  and  in  1909  was  388,854.  The  in- 
crease in  the  number  of  gas  engines  in  use  in  the  last  five- 
year  period  was  nearly  twice  as  great  as  in  the  first  half. 

Total  horsepower  of  manufacturing  establishments  was 
18,680,776  in  1909,  as  compared  with  13,487,707  in 
1904  and  10,097,893  in  1899.  Ninety  per  cent,  of  the 
horsepower  in  1909  was  that  of  motors  owned  by  tlie 
manufacturing  establishments,  and  10  per  cent,  was 
rented  power,  most  of  the  latter  being  electric. 

The  primary  power  used,  with  the  kind  of  engines,  is 
shown  in  the  following  table.  These  figures  exclude 
duplications,  and  the  secondary  power  is  not  represented 
in  the  total  given. 

Power                      Number  of  Engines  or  .Motors                   Horsepower 

1909          1904          1S99  1909               1904  1899 
Primary     power 

total 408,472    231.363    168,143  18,680,776  13,487,707  10,097,893 

Owned 209,163    169,774    168,143  16,808,106  12,854,805  9,778,418 

Steam 153,482    127,267    130,710  14,202,137  10,825,348  8,139,579 

Gas 34,352      21,515      14,334  754,083       .289,423  134,742 

Waterwheels 20,126      19,595      23,099  1,807,144     1,641,949  1,454,112 

Water  motors 1,203        1,397       (*)  15,449            5,931  (*) 

Other 29,293          92.154  49.985 

Rented 199,309      61,589       (*)  1,872,670        632,902  319,475 

Electric 199,309      61,589       (*)  1,749,031        441,589  182,.562 

Other 123,639        191,313  136,913 

Total      Electric 

motors 388,854      73,119      16,891  4,817,140     1,592,475  492,936 

Current  generated 

by  establishment    189,545      73,119      16,891  3,068,109     1,150,886  310,374 

Rented  power 199,.309       (*)             (*)  1,749,031        441,589  182,562 

(*)      Not  reported. 

^Mde  differences  among  the  industries  with  respect  to 
the  kind  of  power  and  engines  used  are  shown  by  the 
figures  reported  for  the  43  leading  industries  of  the 
country.  While  some  of  these  differences  are  ascribed 
10  geographical  location  of  establishments,  no  attempt  is 
made  to  e.xplain  which  are  due  to  this,  and  which  are 
due  to  the  character  of  machinery  used  and  the  adapta- 
bility of  different  kinds  of  power  to  the  industries.  Tho 
figures  show  a  very  large  percentage  of  power  generated 
by  gas  engines  to  be  used  in  the  manufacture  of  carriages 
and  wagons,  flour  mills  and  grist  mills,  foundries  and 
machine  .shops,  blast  furnaces,  steel  works  and  rolling 
mills,  lumber  mills  and  printing  establishments. 

AVaterwheels  are  used  mainly  in  four  industries — cot- 
ton mills,  flour  and  grist  mills,  lumber  mills  and  paper 
and  wood-pulp  manufactures.  In  the  last-named  indus- 
try, 60  per  cent,  of  all  the  power  used  in  the  industry,  or 
783,311  hp.,  is  developed  by  waterwheels. 

Despite  the  increasing  hydroelectric  development  in 
the  Rocky  Mountain  and  Pacific  states,  at  Niagara  and 
in  Xew  England,  steam  continiies  to  be  the  most  im- 
portant source  of  power  in  every  state  of  the  \inion  except 
Maine  and  Vermont.  The  census  figures  do  not  attempt 
to  show  the  use  of  various  kinds  of  fuel  in  steam  de- 
velopment, nor  the  amount  of  hydroelectric  power  de- 
veloped, this  latter  important  item  being  added  in  a 
total  with  all  other  secondary  power  developed. 
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OVER   THE   SPILLWAY 

JUST      JESTS,     JABS,     JOSHES      AND     JUMBLES 


"With  intelligent  development  of  tlie  electrical  industry, 
says  a  prominent  financier,  the  next  five  years  should  ab- 
sorb $400,000,000  a  year.  The  size  of  this  wad  makes  us  be- 
lieve that  the  p.  f.  must  have  included  the  operating  engi- 
neers'   salaries,    too. 

For  a  year  and  a  half,  Mrs.  Lena  Williams  has  taken  com- 
plete charge  of  the  day  shift  of  the  "Westbury  Electric  Light 
&  Power  Co.  plant,  at  Cookshire,  Quebec,  "with  perfect  satis- 
faction to  the  owners  as  well  as  to  the  customers."  .She  is 
the  daughter  of  the  manager  and  the  wife  of  the  electrician. 
Now,  now!  Any  lady  who  can  get  away  with  such  a  job  is 
to    be    admired.' 


Massachusetts  man  declares  that  the  public  no  longer  be- 
lieves electricity  to  be  a  luxury;  that  the  rich  and  poor  alike 
need  and  demand  it.  And  yet  in  some  homes  you  never  hear 
the  old  man  say;  "Hey,  Timmy,  on  your  way  out  for  the  pint, 
slip  down  into  the  cellar  and  jab  this  quarter  in  the  meter; 
the   tungsten  in  the  butler's  pantry  is  getting  dim!" 

A  central-station  enthusiast  would  have  us  believe  tliat 
cooperation,  and  not  competition,  is  the  life  of  trade.  Man.v 
an  isolated  plant  would  gladly  do  a  littlj  cooperation  if  its 
competition,  the  central  station,  would  loosen  up. 

♦*♦ 

The  Federation  of  Trade  Press  Associations  is  convened 
in  New  York  City  at  this  writing.  This  organization  is  a 
publishers'  "N.  A.  S.  E.,"  and,  similarly,  in  convention,  we 
jaw  each  other  for  our  mutual  good.  This  federation  repre- 
sents 5900  folks  drawing  annually  $12,272,000  in  salaries  on 
publications  having  an  added  expense  annually  of  $15,000,000. 
Perhaps,  in  one  of  your  few  sour  moments,  you  thought  w 
overjawed  you  on  the  efficiency  of  your  vocation.  Well,  as  a  good 
physician  we  took  a  dose  of  our  own  medicine,  and  now 
that  we  are  purged  of  more  or  less  bile,  we  feel  better.  You 
know  that  old  feeling  of  "It  hurts  me  more  than  it  does  you, 
mj-  son" — well  that's  it  exactly. 

Roy  Wright,  over  to  Lyndon,  Kan.,  opines  that  "where 
ignorance  is  bliss,  'tis  folly  to  be  a  blister."  Here's  his  rea- 
son; 

"Ensiue  Blows  Up — The  gasoline  engine  owned  by  Will 
Duncan,  being  used  to  furnish  power  for  the  rock  crusher 
on  the  Warren  farm  just  east  of  Lyndon,  was  rendered  use- 
less Friday,  by  an  explosive  induced  by  a  lack  of  water.  No 
one  was  hurt.  The  Are  box  and  crown  sheet  were  crumpled 
up  like  paper  and  the  boiler  iron  was  crystallized  making 
those   parts   of  poor  junk." 

Thanks,  I?oy.     Our  condolence  to  AA'ill  Duncan. 

Our  British  cousin  has  been  called  undemonstrative,  cold, 
reserved,  but  gracious  Scott!  the  London  "Electrical  Review's" 
report  of  a  railway  disaster  should  completely  telescope  this 
opinion.  After  you  read  this  introduction  you  will  tell  Hall 
Caine   and    Marie    Corelli    to    precipitately    retreat    rearwardly; 

"Lest  we  forget!  Oh!  that  we  could  forget  Aisgill!  Oh! 
that  we  might  for  once  shirk  our  duty  and  refrain  from 
again  perusing  the  ghastly  details  of  one  of  the  most  heart- 
rending and  pitiful  of  the  avoidable  catastrophes  which  have 
blackened  the  pages  of  Britioh  railway  history.  That  we 
might  wake  up  to  find  it  to  have  been  a  distressing  night- 
mare! That  we  might  close  the  book  and  say;  What  a  very 
sensational    piece   of   holiday    fiction!      But    it    cannot   be." 

And  there's  t'wo  pages  of  this!  Our  sympathy  always 
goes  out  to  any  stricken  community,  but  this  isn't  sympathy, 
it's   piddling   drool! 

It's  a  cold  weather  this  winter.  Mawruss!  A  high  fore- 
head with  the  sweetly  sounding  name  of  Kamerlingh  Onnes 
has  already  produced  a  temperature  of  426  deg.  Fahr.  below 
zero.     Liquefied  gas  did  it,  but  we  don't  want  to  prove  it. 

Tt  would  take  over  a  thousand  years  to  count  the  mole- 
cules in  a  cubic  millimeter  of  hydrogen  gas.  says  a  French 
mathematician.  All  right,  old  man,  we  agree  with  you;  we 
take   the  count. 


Under-Water  Coal-Storage  Plant 

A  unique  coal-storage  plant  has  recently  been  erected 
by  the  Indianapolis  Light  &  Heat  Co.,  Indianapolis,  Ind.,_ 
where  provision  has  been  made  for  submerging  13,000 
tons  of  coal  under  water  to  prevent  spontaneous  combus- 
tion. The  plant  has  a  total  storage  capacity  of  30,000 
tons  and  provides  against  coal  shortage  due  to  strikes  at 
the  mines  or  on  the  railroads  and  to  car  .shortage  on  the 
railroads. 

The  plant  consists  of  a  large  concrete  pit,  as  shown  in 
the  illustration,  300  ft.  long  by  100  ft.  wide  and  28  ft. 
deep.  It  is  18  ft.  below  the  ground  level,  having  a  10-ft. 
wall  rising  above  the  ground.  Below  the  ground  the 
wall  slopes  at  an  angle  of  45  deg.  to  reduce  the  cost  of 
construction.  This  makes  the  pit  72  ft.  wide  by  272  ft. 
long  on  the  bottom.  The  concrete  is  from  12  to  18  in. 
thick  and  is  reinforced  throughout  with  twisted  %-in. 
square  rods  to  withstand  any  pressure  from  water  that 
may  oerur  in  the  "'ravel  around  the  pit. 


Locomotive  Crane  and  Grab  Bucket 

Through  the  middle  of  the  pit,  lengthways,  there  is  a 
row  of  concrete  piers  placed  15  ft.  apart  whieli  support 
a  trestle  on  which  there  runs  a  standard-gage  track.  A 
standard  15-ton  Brownhoist  locomotive  crane  and  S-yd. 
grab  bucket  travels  back  and  forth  on  this  trestle,  hand- 
ling the  coal  on  both  sides.  The  bucket  is  suspended  uii 
a  40-ft.  boom.  The  crane  and  bucket  are  operated  by  one 
man  from  his  .stand  in  the  cab.  Being  self-propelled  and 
equipped  with  M.  C.  B.  trucks,  couplers  and  .steam  brake, 
the  crane  does  the  switching  of  the  cars  off  and  on  the 
trestle.  The  coal  cars  are  run  out  on  the  trestle  with  the 
crane  and  dumped.  When  the  coal  is  required  in  the 
power  house  it  is  loaded  into  cars  by  the  crane  and  car- 
ried to  the  boilers. 

Forty-pound  rails  are  imbedded  in  the  bottom  of  the 
pit,  on  18-in.  centers,  with  1/2  in.  of  the  head  standing 
above  the  surface  of  the  concrete.  When  the  grab  bucket 
is  working  on  the  bottom  of  the  pit,  the  rails  prevent  the 
bucket  from  striking  the  concrete. 

The  pit  is  filled  with  water  up  to  the  ground  level,  and 
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L-overs  i:|,000  tons  of  foal.  ^\'■.\^^^v  is  i.iiinped  intu  the 
pit  by  a  4-iii.  eentrifuo;iil  ])niiiii,  taking  the  water  from 
the  ijower-house  supply  well,  the  water  entering  the  pit 
at  the  ground  level.  Through  the  center  of  the  pit  and 
beneath  the  trestle  there  is  a  trough  f.'  ft.  wide  and  1 
ft.  deep  whieh  serves  as  a  drainage.  It  is  fitted  with  a 
drain  pipe  which  carries  the  water  to  eitliev  of  two  man- 
lioles,  one  at  each  end  of  the  pit.  The  outlet  openings 
are  protected  by  gratings  to  jirevent  any  cual  from  en- 
tering the  drain  pipe. 

The  pit  was  designed  by  Thomas  .V.  Wynne,  vice-presi- 
dent of  the  eom])any.  and  was  Iniilt  under  his  super\isi(in. 

McKee  Boiler  Furnace 

This  furnace  is  designed  to  burn  fuel  elliciently  with  a 
minimum  of  smoke  and  to  operate  economically  with  a 
short  chimney.  In  the  accompanying  illustration  is  shown 
an  end,  side  and  top  view  of  the  furnace  applied  to  a 
return -tubular  boiler.  Referring  to  the  side  elevation,  A 
is  an  inlet  conduit  through  which  air  is  discharged  ou 
the  furnace  side  of  the  bridge-wall 
B.  The  inlet  conduit  ('  runs  to  the 
reservoir  D,  then  to  the  nozzle  N.  A 
second  inlet  conduit  F  connects  with 
I  he  discharge  conduit  and  reservoir 
'/.  The  size  of  the  conduit  varies 
with  the  size  of  the  l)oiler. 

The  idea  of  these  conduits  is  to 
heat  the  air  to  a  high  temperature 
before  bringing  it  in  contact  with 
the  burning  fuel  and  to  hold  the 
flame  in  a  vertical  position  iinder 
the  boiler  until  all  of  the  gases  and 
carbon  are  burned  before  it  escapes 
to  the  chimney. 


Spontaneous  Ignition  of  Coal 

I'.v  T.  A.  Phkhlks 

iManufacturing  eslatilisbincnts,  (■ciilral  stations,  and 
other  users  of  large  quantities  of  coal  iind  it  necessai\ 
to  keep  considerable  quantities  of  fuel  on  hand  to  insuiv 
against  labor  troubles  or  delays  in  transportation.  Th'- 
coal  thus  kept  in  storage  is  in  constant  danger  of  sjion- 
laneous  ignition,  and  in  some  cases  expensive  submerged 
storage  bins  have  be'<n  installed  or  other  elaborate  ])rc- 
cautions  taken  to  prevent  it.  In  cases  where  such  con- 
struction is  not  practical,  care  should  be  taken  to  selecl 
for  storage,  coals  which  are  least  liable  to  spontaneous 
ignition,  and  a  knowledge  of  the  conditions  alTectiiiL: 
this  ignition  is,  therefore,  valuable. 

The  process  of  ignition  may  be  di\idcd  intu  four 
separate  stages : 

1.  Certain  \olati!e  constituents  are  present  in  coal 
which  have  an  avidity  for  oxygen,  and  freshly  mined  coal 
begins  to  absorb  oxygen  as  soon  as  it  is  exposed  to  the 
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End,  Pl.vn  and  Side  Elev.\tion  of  the  McKee  Boiler  Furnace 


Tlie  air  passes  through  (he  arrangement  of  conduits 
which  run  parallel  with  the  line  of  fire  from  the  front 
or  the  back  of  the  boiler  to  the  bridge-wall  through  a 
reservoir  in  the  same  and  back  to  the  ashpit  of  the  boiler 
furnace  and  then  comes  in  contact  with  the  burning  fuel. 
A  counter-current  of  air  is  heated  in  a  like  manner  and 
discharged  in  a  forward  direction  from  the  bridge-wall 
toward  the  front  of  the  furnace. 

The  furnace  is  built  by  the  McKee  Funiace  Co.,  108 
Triiice  William   St..  Rt.  .Tohii,  N.  B.,  Canada. 


air.  This  primary  stage  of  the  oxidation  process  causes 
an  increase  in  the  temperature  of  the  coal  which,  may  bo 
considerable  if  the  coal  is  finely  divided  and  thus  ex- 
poses a  large  amount  of  surface  to  the  air. 

2.  If  the  coal  contains  an  appreciable  amount  of  inm 
pyrites,  a  reaction  between  the  sulphur  of  the  pyrites 
and  oxygen  will  occur  at  ordinary  temperatures.  This 
reaction  takes  place  rapidly,  especially  if  the  coal  is  wet, 
and  heat  is  generated  more  rajiidly  than  it  is  radiated 
from  a  large  ])ile  of  coal,  with  the  result  that  the  interior 
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iif  the  l>ili'  may  rea</h  a  tenijHii'aliirc  at  Avliich  (i\i<lalioi 
nf  carlioii  and   h\(lroj4'eii  licgiiis. 

3.  Till-  Iiydrcicarl)!))!  (•hiujiouikIs  liegiii  to  break  down 
at  a  ti'iii])eratiirc  nl'  about  '^5ii  deg.,  F.,  and  if  even  a 
small  amount  of  (jxygen  is  ])resent,  this  stage  of  com- 
liustioii  is  extremely  dangerous  on  ai-eount  of  the  larg(^ 
amount  of  lieat  evolved. 

i.  After  a  temperature  of  400  deg.,  ¥.,  is  reaelied, 
the  eombustioa  of  carbon,  and  hydrogen  goes  on  without 
the  assistance  of  aJiy  outside  source  of  heat,  aud  heat  is 
generated  at  such  a  rate  tliat  the  cooling  effect  of  radia- 
tion will  not  be  sufficient  to  stop  the  process.  Actual 
ignition  of  the  carbons  begins  as  soon  as  the  tem])eraturc 
rises  to  600  or  700  deg.,  F. 

From  the  foregoing,  it  is  c\ident  that  some  coals  are 
better  tuited  for  stoiage  luirposes  than  others.  If  thi- 
third  stage  of  the  ignition  process  be  reached,  actual  com- 
bustion is  almost  sure  to  result  eventually,  aud  the  first 
and  second  stages  are,  therefore,  most  important.  The 
following  i^oints  should  be  carefully  considered  as  affect- 
ing the  siioutaueous  ignition  of  t'oal   in  storage: 

Avoid  any  external  source  of  heat  whicli  may  raise  the 
initial  temperature.  For  any  given  coal,  a  definite 
amount  of  heat  is  ge.'ierated  aud  if  the  initial  tempera- 
Uirc  be  high,  due  to  the  application  of  external  heat, 
the  danger  of  spontaneous  ignition  is  increased.  Coal 
stored  in  overhead  bunkers  in  a  boiler  room  where  it  is 
exposed  to  the  heat  of  the  boilers  from  below,  and  tlu' 
heat  of  the  sun  i-adiated  from  the  roof  above,  is  almost 
sure  to  be  ignited. 

Dryness  of  the  coal  aud  provision  for  keeping  it  dry 
\v\l\  greatly  reduce  the  oxidation  of  iron  pyrites. 

Fine  particles  present  large  sttrfaces  to  the  air  for  the 
initial  stages  of  oxidation  and  the  elimination  of  such 
particles  from  coal  intended  for  storage  is  desirable. 

When  shipments  of  coal  are  being  received,  part  of 
which  is  to  be  used  imniediately  and  the  balance  stored, 
that  which  is  wet  or  very  fine  should  be  burned,  and  flic 
roarser  grades  and  those  fn'c  from  moisture  ])ut  into 
storatrc 


Compensating  Device  for  Water 
Measurement 

On  ]iage  .'iisn  of  the  Sept.  1(5  issue  was  described  a  com- 
]iensating  device  used  with  the  Lea  type  recorder  as 
luanufactured  tinder  English  patents.  The  instrument 
is  known  as  the  Precision  Water  Meter  in  this  country 
iind  is  made  by  the  Precision  Instrument  Co.,  102  Ran- 
dol]>h  St..  Detroit.  Mich.,  with  the  new  (■(jinpensating 
notch  incor]i(irat('d  in  its  design. 


Bangs  (Ohio)  Steam-Engine  Wreck 

i)n  Sept.  11.  ahout  4:311  a.m..  tin-  HiiKine  u.spcl  for  lighting 
the  Logan  Natural  Gas  &  Fuel  Co.  pumping  station  at 
Bangs,  Ohio,  was  wrecked.  .\  correspondent  furnishes  the 
following    details: 

The  babbitt  in  the  crank  bearing  melted  out,  and  an 
engineer  closed  the  throttle  only  a  moment  before  the  wreck 
occurred. 

The  connecting-rod  "was  of  the  marine  type,  setscrews 
took  the  place'  of  lock  nuts,  and  apparently  a  nut  had  worked 
nearly  off,  as  no  threads  were  stripped  and  one  end  was 
torn    off.       The-    bolts    were    badly    bent,    both     halves    of    the 


crank  bearing,  the  crosshead,  and  both  crossluad  shoes  were 
broken;  one  of  the  low-pressure  cylinder  heads  had  a  part 
of  the  flange  broken  off,  and  the  cast-iron  top  cover  to  the 
crank  case  was  broken  as  was  the  connecting-rod.  The 
greater  part  of  the  crosshead  and  parts  of  both  shoes  flew 
out  over  the  counterweights  onto  the  floor.  It  was  a  144- 
hp.  tandem-compound  engine,  running  at  260  r.p.m.,  and  was 
directly    connected    to    a   direct-current    75-kw.    dynamo. 


Smoke    C'onvention    at    Pittsburgh 

The  eighth  annual  convention  of  the  International  .Asso- 
ciation for  the  Prevention  of  Smoke  was  held  in  Pittsburgh, 
Penn.,   Sept.   9   to  12. 

Among-  the  papers  presented  was  one  on  stokers  for  loco- 
motives, by  Mr.  Crawford,  superintendent  of  motive  power 
for  the  Western  division  of  the  Pennsylvania  Railroad.  Mr. 
Crawford  described  the  stoker  and  told  of  its  success  in  pro- 
ducing practically  smokeless  combustion  in  locomotive  fur- 
naces. 

Mr.  Smith,  of  Glasgow,  spoke  on  the  favorable  progress 
maae    in   smoke   abatement   in    Scotland. 

The  Committee  on  Standardization  intends  to  present  a 
thorough  report  on  its  work  of  standardizing  furnace,  chim- 
nies,  draft  systems,  etc.,  at  the  next  convention  in  Grand 
Rapids,  Mich.  VTe  hope  to  soon  publish  brief  abstracts  of 
Mr.  Crawford's  paper  and  of  the  Standardization  Committee's 
report. 

The  new  officers  are:  I'resideiit,  J.  M.  Searle,  chief  smoke 
inspector  for  Pittsburgh,  Penn.;  vice-president,  Louis  E. 
Towner,  Grand  Rapids,  Mich.;  secretajy,  John  Krause,  Cleve- 
land,   Ohio. 


SOCIETY     NOTES 


The  Smoke  and  Dust  Abatement  League  of  Pittsburgh  is 
to  be  congratulated  on  the  good  results  thus  far  attained  in 
its  work.  Its  exhibit  at  the  Western  Pennsylvania  Exposi- 
tion has  drawn  wide  attention — by  showing  by  charts,  maps 
and  drawings  the  serious  loss  yearly  suffered  by  the  city 
of  Pittsburgh  through  smoke  and  du.st.  The  exhibition  will 
be  open   to   the   public  until   Oct.   IS. 

The  Pennsylvania  Industrial  ami  Efficiency  Convention, 
under  the  auspices  of  the  Engineers  Society  of  Pennsylvania, 
will  be  held  in  the  Capitol  Building,  Harrisburg,  Penn.,  on 
Oct,  2S,  29  and  30.  George  S.  Comstock,  president  of  the 
society,  will  preside.  .-Among-  others,  papers  wili  be  read  at 
the  state-service  session  on  vocational  education,  water 
power  and  water  conservation;  at  the  labor  and  statistics 
session,  heat,  ventilation  and  light;  at  the  accident-preven- 
tion session,  cooperative  boiler  inspection;  elevators,  their 
construction,   inspection   and  maintenance. 

Persons  attending  the  conference  are  asked  to  notify  the 
Department  of  Labor  and  Industry,  Harrisburg,  Penn.,  to  that 
effect,  and  those  who  wish  to  make  exhibits  to  write  the 
Director    of   Exhibits,    Harrisburg,    Penn.,    in    regard    to    space, 


PERSONALS 


Herbert  E.  Stone,  past  president  of  the  National  .Asso- 
ciation of  Stationary  Engineers,  has  accepted  a  position  with 
the  Buckeye  Engine  Co.,  of  Salem,  Ohio,  and  will  have  charge 
of   the   New    England    district, 

.\lbert  E.  Guy  has  Just  terminated  a  two-years"  engage- 
ment with  the  Wilson-Snyder  Centrifugal  Pump  Co.,  of  Pitts- 
burgh, Penn,  In  his  capacity  as  chief  engineer  for  that 
company,  he  designed  and  established  their  complete  lines  of 
single  and  multi-stage  centrifugal  pumps  for  steam  turbine 
and  motor  drive.  While  still  retained  as  consulting  engi- 
neer, by  that  company,  he  will  become.  Sept.  15,  mechanical 
engineer  of  the  Providence  Engineering  Works,  Providence 
R.    I. 

An  ".Vcre-Poot"  of  Water  is  equivalent  to  43,560  cu.ft. 
and  is  the  quantity  required  to  cover  an  acre  to  the  depth  of 
1  ft.  The  term  is  commonly  used  in  connection  with  storage 
for    irrigation. 
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What  Has  The  Amer 

Got  To  Do  W 


Ever  hear  the  story  of  the  rube  who  went  to  the  circus? 

Wandering  into  the  menagerie  he  presently  found  himself  in 
front  of  a  cage  containing  a  giraffe. 

For  a  long  time  he  stood  looking  at  it,  open-mouthed,  then 
finally  turned  away  with  the  remark,  "Shucks;  there  aint  no  such 
animal." 

Maybe  that's  much  the  same  attitude  you'll  assume  toward 
the  American  Ideal  Steam  Trap. 

The  things  which  this  trap  accomplish  seem  almost  too  good 
to  be  true.  When  you  stop  and  think  of  what  it  does  and  how  it 
promises  to  solve  the  big  problem  of  meeting  the  very  highest 
pressure  you're  likely  inclined  to  say,  "There  isn't  such  a  trap." 

But  just  the  same  there  IS — and  it's  the  American  Ideal. 

The  trouble  you  engineers  have  had  in  the  past  with  traps 
which  have  failed  to  stand  up  to  the  severe  requirements  of  very 
high  pressures  has  made  you  skeptical. 


AMERICAN  STEAM  GAUG 

CAMDEN  STREE' 


|iiiiiiiiiiiiii  I      HI        mil  nil  I  I  mill  mi      mil h mm  iiiiiiiiiiiii  niiiiiiiiiiiiiiiiiii n    miiii  mii        niiiiiiiiiin    miiiii       iiiiiiiiiiniiiiiiiiiiiiiiiimiiiiiiiiiiiis 
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Self  Interviews 


THE  place  might  hnvc  been  any  ordinary  power  plant: 
the  time,  any  old  time  at  all.       John  Operating  En- 
gineer sat  at    his  desk  in  nuiainholy  meditation,  when  in 
came  John  Operating  Engineer. 

D        D        D 

"Good  morning,"  says  John,  "what  can  I 
do  for  you?" 

"Much!  But  first  I'm  goin'  to  give  you  a 
tongue  lashing." 

"Since  you  had  that  flare  up  with  the  gen- 
eral super,  you've  neglected  things.  You've 
said  you  didn't  care  whether  you  got  fired  or 
not.  It's  all  right  to  be  independent,  but 
your  reputation  will  suiTer  if  you  let  the  plant 
go  to  the  dogs  just  because  you're  sore  at  one 
official." 

"True,"  snapped  John  Operating  Engineer, 
"but  when  they  treat  a  fel — " 

"That's  no  excuse!  That  main  belt 
snapped  yesterday  simply  through  neglect. 
You  let  it  go  until  so  many  holes  broke 
through  that  it  wouldn't  drive  a  buzz-saw. 
When  you  took  an  hour  longer  than  necessary 


to  lace  it,  just  to  get  square  with  the  super 
you  didn't  think  of  the  piece-workers  who  lost 
a  good  part  of  a  day's  pay,  did  you? 

"That  high-pressure  steam  line  under  the 
street  was  put  down  without  being  covered 
or  boxed.  Now  it's  corroded  and  leaks  like 
a  funnel.  You're  delaying  repairs  to  it,  hop- 
ing it  will  burst,  shut  down  the  shop  and  get 
the  boss  into  trouble." 

"He's  no  good,  he  ought  to,"  growled  John. 

"I  know  he  ain't!  But  you've  got  the 
wrong  angle.  Don't  put  yourself  in  his  class. 
You're  a  good  engineer.  Make  the  plant 
show  it! 

"If  he  puts  obstacles  in  your  way  and  won't 
listen  to  reason,  get  out.        Get  another  job. 

"If  you're  big  enough  to  do  that  instead  of 
trying  to  get  square  by  ill  treating  the  plant, 
you're  big  enough  for  a  bigger  job." 

With  this  John  Operating  Engineer  walked 
out  of  the  room,  while  John  Operating  En- 
gineer watched  him  from  his  chair,  already 
convinced  that  he  would  get  that  bigger  job. 
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Power   Plant   of   Chester   Valley   Electric   Co. 


By  Wakhkx  O.  RoGKiis 


'YNOPSIS — A  good  example  of  a  small  central  siation, 
arrying  a  mixed  electrical  load.  High-pressure  super- 
eat  boilers  and  steam  turbines  have  taken  the  place  of 
ilurated-steam  boilers  and  reciprocating  engine.  The 
ondensers  serving  the  turbines  are  in  a  concrete  pit  in 
he  basement. 

A  great  deal  of  attention  has  been  given  to  the  descrip- 
ion  of  hirge  power  plants,  the  majority  of  which  have 
eeu  turbine  installations.  This  type  of  power  plant  has 
ecome  what  might  be  called  standard  design,  and  is  so 
amiliar  to  engineers  as  to  perhaps  give  the  impression 
hat  turbines  are  not  used  in  small  power  plants. 

Contrary  to  this  possible  supposition  there  are  a  large 


similar  power  jilants  the  cquiiiment  c'omj)rises  old  and 
new  units  in  both  the  engine  and  boiler  rooms.  The  origi- 
nal unit  in  the  engine  room  was  a  500-hp.  side-crank  en- 
gine, directly  coupled  to  a  525-volt  generator,  running  at 
a  speed  of  150  r.p.m.  This  engine  was  piped  to  four  IS.")- 
Iip.  water-tube  boilers. 

This  station  has  placed  in  reserve  the  old  b()ilcr< 
and  the  reciprocating  engine  and  uses  in  their  stead  two 
lOO-hp.  water-tube  boilers  and  two  steam-turbine  sets. 
One  turbine  drives  a  625-kv.-a.  alternaling-current  gen- 
erator, the  other  a  OlO-kv.-a.  generator,  both  three-phase, 
60-cycle,  2400-volt,  running  at  3600  r.p.m.  Both  tur- 
bines, Pig.  1,  are  operated  in  conjunction  with  two  sur- 
face condensers  which  are  equipped  with  an  8-in.  circulat- 


PoWER 


Fk;.  1.    Xiv.w  OF  'iiiK  TuKBixE  Room 


lumber  of  small  installations  which  are  giving  efficient 
nd  dependable  service.  As  an  instance  of  a  small  tur- 
dne  proposition,  the  plant  of  the  Chester  Valley  Electric 
yO.,  Coatesville,  Penn.,  is  taken  as  a  typical  installation. 
The  output  of  the  station  is  used  for  lighting,  motor 
ircuit  and  for  street-railway  service.     Like  many  otlier 


ing  pump  and  Xo.  11  Rotrex  air  pumps,  both  engine 
driven.  The  condensers  are  in  a  concrete-lined  pit.  Fig. 
2,  below  the  engine-room  floor. 

Circulating  water  for  the  condensers  is  cooled  by  being 
discharged  to  a  water-cooling  tower  out  in  the  yard,  as 
shown  in  Fiij.  3.    The  discharging  water  flows  over  liafflo 
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pints  and  in  dropping  from  one  to  the  otlier  is  cooled.  The 
water   finally   reaches  the  reservoir   beneath  the  cooling 
tower  and  is  again  circulated  through  the  condensers. 
The  cooling  water  goes  to  the  tower  at  100  deg.  F.  and 


Fig.  2.   Condensek  in  Conckete  Pit 

has  a  temperature  of  80  deg.  F.  in  the  storage  tank  from 
where  it  is  taken  by  the  circulating  pump. 

BoiLKi!  Eoo:\i 

Of  the  six  water-tube  boilers,  but  two  are  used,  with 
the  turbines.    A  view  of  the  boiler  room  is  showu  in  Fig. 


Fig.  3.  Watek-Cooling  Tower 

4,  But  one  boiler  and  turbine  are  xised  during  the  day 
run.  The  boilers  are  piped  to  one  main  18-in.  header 
run  above  the  boilers.  In  the  turbine  room  the  header 
drops  to  the  basement  to  an  18-in.  cross-header  from 
which  branch  pipes  lead  to  the  two  turbines. 

Coal  is  delivered  from  coal  cars  on  a  spur  track  to  an 
outside  storage  bin   under  the  track  trestle.     It  is  then 


wheeled  into  the  boiler  room  convenient  for  the  firemen. 
Feed  water  is  handled  by  an  open  heater  and  either  of 
two  10  and  6  by  10-in.  outside-packed  duplex  pumps. 
These  are  placed  in  the  boiler  room  between  the  batteries 
of  boilers. 

Electeical  Equipment 

Besides  the  main  generators  there  is  a  200-k\v.  rotary 
((inverter,  three-phase,  60-cycle  on  the  alternating  side, 
and  600  volts  of  direct  current.  The  shaft  of  this  unit 
is  extended,  upon  which  a  35-kw.,  .5.50-volt  direct-current 
generator  is  mounted  and  used  for  street-ear  and  motor 
service. 

The  exciter  unit  is  a  35-kw.,  la.j-volt  direct-current 
generator  driven  by  a  steam  turbine  at  3500  r.p.m.  It  is 
]ilaced  near  the  end  of  the  turbines.  A  second  exciter 
unit  consists  of  a  3fl-hp.,  "J^OO-volt,  three-phase,  60-cycle, 


Fig.  4.  Paktial  View  of  the  Boilek  Room 

induction  motor  directly  connected  to  a  135-volt,  direct- 
current  generator  at  1130  r.p.m.  The  turbine  exciter 
unit  is  used  and  the  exhaust  steam  sent  to  the  heater  to 
heat  the  feed  water,  as  is  also  the  exhaust  steam  from 
the  boiler-feed  pumps. 

Another  motor-driven  set  is  used  for  motor  service, 
when  run.  The  75-hp.  induction  motor  uses  three-phase, 
60-cycle  current  at  2300  volts  and  is  directly  connected 
to  a  35-kw.,  550-volt,  direct-current  generator  driving 
it  at  1175  r.p.m. 

The  switchboard,  transformer,  mercury  rectifier,  etc., 
are  all  placed  at  one  end  of  the  plant.  The  entrance  to 
the  plant,  which  is  built  of  brick,  is  through  the  engi- 
neer's office,  which  is  at  one  corner  of  the  engine  room. 
The  chimney  is  of  common  brick  and  is  built  separate 
from  the  building.  The  form  of  record  sheet  kept  at  the 
plant  is  shown  in  Fig.  5.  ' 

It  is  simple  and  yet  gives  ample  opportunity  to  record 
sufficient  data  to  enable  the  engineers  to  know  wdiat  the 
plant  is  doing  from  week  to  w^eek.  T?unning  readings  are 
taken  every  hour,  showing  the  steam  pressure  carried, 
the   vacuum   maintained   and    the   kilowatt-hour   output 
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of  the  plant.  The  temperature  of  tlie  feed  water  enter- 
ing and  leaving  the  heater  is  recorded,  also  the  di.seharge 
temperature  from  the  condenser. 

Down  the  side  of  the  record  sheet  are  headings  under 
which  data  regarding  the  electrical  output  for  various 
circuits,  weather  conditions  and  hours  the  various  units 
are  in  operation  are  recorded. 

Chester  Valley  Electric  Company 

COATESVILLE  STATION 
Running  Record,  6  A.  M.  day,  to  6  A.  M.  day,  191 
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Jefferson  Flexible  Union 

A  new  flexible  union  has  been  designed  to  use  with 
pressures  up  to  250  lb.  and  over.  The  mo.st  important 
])oint  about  this  type  of  union  is  that  if  the  pipes  are 
out  of  line  the  unions  can  he  used  as  readily  as  if  thev 
were  in  line. 

This  union  has  all  of  the  regular  features  of  all  other- 
kinds  made  by  the  Jefferson  Union  Co.,  Lexington,  Mass. 
The  shoulder  on  the  nut  and  swivel  end  is  made  spherical 
and  concentric  with  the  ground  l)all  joint,  and  the  swivel 
end  is  allowcil  sufficient  play  in  the  nut,  so  that  at  any 
angle  less  than  5  per  cent,  the  union  may  be  made  tiglil. 


Sarco  Smoke  Recorder 

This  device  was  described  on  page  1493,  Aug.  I(i. 
1910,  issue  and  was  known  at  that  time  as  the  Wattles 
smoke  register.  Since  being  taken  over  by  the  Sarco 
Engineering  Co.,  116  Broad  St.,  Xew  York  City,  no  ma- 


FiG.  5.  Eeport  Sheet  of  Plant  Operatiox 


Chart  fhoii  Sarco  Sjioke  Recorder 


Although   this   power  ])lant   is   small   when   compared  terial  changes  have  been  made  with  the  exception  of  the 

with  others,  it  is  a  good  example  of  what  can  be  done  chart,   illustrated   herewith,   which  records   a   wider  ex- 

with  a  small  central  station  carrying  a  mixed  electrical  posure  of  the  smoke  density  on  a  sensitive  paper  chart 

load.  than  formerly. 


PRINCIPAL  equipment  OF  THE  POWER  PLANT  OF  THE  CHESTER  VALLEY  ELECTRIC  CO. 


Equipment  Tj-pe  Capacit>- 

Main  engine Corliss 500  hp 

Main  generator Direct  current 525  volts,  696  amp. .. 

Steam  boilers Water  tube 125  hp 

Steam  boilers Water  tube 400  hp 

Superheaters Double  box 

Furnace  Grates Shaking 

Steam  turbine Horizontal 625  k.v.a 

Steam  turbine Horizontal 940  k.v.a 

Turbo-generator Alt.  current 625  k.v.a.,  2,400  volt. 

Turbo-generator Alt.  current 940  k.v.a.,  2.400  voit. 

Condensers Surface 

Cooling  tower Gravity 

Feedwater  heater Open 

Boiler  feed  pumps ....    Duplex 

Rotary  converter Alt.  and  d.c 200  kw.,  600  d.c.  vts. 

Generator Direct  current 35  kw.,  550  volts 

Generator  exciter Direct  current 35  kw.,  i25  volts 

Steam  turbine Single  .'«tage 35  kw 

Motor Induction 30  hp.,  2,200  volts. 

Exciter  generator Direct  current 20  kw.,  125  volts. . . 

Motor Induction 75  hp.,  2,300  volts. 

Generator Direct  current 35  kw.,  550  volts 


Size 


Operating  Conditit 
.m.,  150  lb.  steam . . 


24x36" 150  1 

150  r.p.m 

125  lb.  steam 

4067  sq.tt 150  lb.  steam,  100  deg.  super!: 

100  deg.  superheat 


3.600  r.p.m.,  150  lb.  steam. . 
3,1300  r.p.m.,  150  lb.  steam. . 
.3-phase,  60-cycle,  3,600  r.p.i 
3-pha.se,  60  cycle,  3,600  r.p.i 


2.S-i 

2io  cieg.F!.'.'...^^!!! '.'.].'.. 

3-phase,  eo^cycle,  1,200  r.p.i 
Driven  bv  converter  unit. .  . 
Turbine  driven,  3,500  r.p.m. 

1.30  steam.  3,500  r.p.m 

3-phase,  60-cycle,  1.130  r.p.r 
Motor  driven,  1,130  r.p.m. . 
3  phase,  60-cycle,  1,175  r.p.n 
Motor  driven,  1,175  r.p.m.. . 


Manufacturers 

Clark  Bros.  Co. 
,   General  Electric  Co. 
E.  Keeler  Co. 
Heine  Safety  Boiler  Co. 
Heine  Safety  BoLer  Co. 
Washburn  &  Granger 
Westinghouse  Machine  Co. 
Westinghouse  Machine  Co. 
Westinghouse  Elec.  &  Mfg.  Co. 
Westinghouse  Elec.  &  Mfg.  Co. 
C.  H.  Wheeler  Mfg.  Co. 
C.  H.  Wheeler  Mfg.  Co. 
Harrison  Safety  Boiler  Works 
Buffalo  Steam  Pump  Co. 
Westinghouse  Electric  &  Mfg.  Co 
Westinghouse  Electric  &  Mfg.  Co 
Westinghouse  Electric  &  Mfg.  Co 
Westinghouse  Machine  Co. 
Westingnouse  Electric  &  Mfg.  Co 
Wcsringhouse  Electric  &  Mfg.  C^o, 
Triumph  Electric  Co. 
Westinghouse  Electric  &  Mfg.  Co. 
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The  Venturi  Steam  Meter 


By  Chaulks  G.  Uichakd.sun 


SYNOPSIiS — An  e.vplanatlon  of  the  coii.sf ruction  and 
operation  of  the  venturi  meter  ivlien  used  for  measuring 
file  ftow  of  steam  through  a  steam  pipe.  The  rate  of 
steam  flow  is  ind/icated  on  a  dial  in  pounds  per  hour  at 
the  moment  of  observation.  A  recording -chart  dial  fur- 
iiislies  an  urdjrolcen  record  of  the  rate  of  flow  from  hour 
to  hour  through  the  m.eter  tube.  A  counter  dial  shows 
tlic  total  pounds  of  steam  whicli.  have  pa.?scd  through, 
the   meter  tube. 

Twenty-six  years  ago,  wlieii  the  venturi  meter  was  in- 
vented by  Clemens  Herseliel,  it  was  recognized  that  tlic 
same  laws  which  were  found  to  govern  the  flow  of  water 
through  a  venturi  tube  should  apply  equally  well  to  gases. 
At  that  time,  however,  the  demand  for  an  accurate  meter 


Fig.  1.    OuTLixK  of  Meteu  Tubk 

Tor  water  supplied  tnwiis  and  cities  ihrough  main  pipe 
lines  was  preeminent  and  atteidion  was  concentrated 
upon  the  development  of  the  venturi  for  such  service. 

In  order  to  know  whether  a  battery  of  boilers  is  per- 
forming its  duty  tile  amount  of  coal  burned  and  water 
evaporated  must  be  compared.  Consequently,  boiler  tests 
have  become  more  frequent  than  heretofore,  but  seldom 
are  the  results  of  such  tests  even  approximately  repre- 
sentative of  daily  operation.  Nearly  everyone  concerned 
is  eager  at  such  time  to  make  a  good  showing  and  thus 
the  calibration  is  conducted  under  abnormally  favorable 
conditions.  Quoting  the  expert's  figures,  during  a  test 
the  evaporation  of  pounds  of  water  per  pound  of  coal 
may  be  as  high  as  10,  while  under  regular  service  the 
evaporation  is  frequently  5,  averages  7  and  rarely  reaches 
!t  lb. 

To  meet  the  demand  for  a  continuous  check  on  the  effi- 
ciency of  steam  production  various  types  of  coal  weigh- 
ers and  water-measuring  apparatus  have  been  placed  on 
the  market.  The  venturi  meter  was  early  developed  to 
measure  boiler-feed  water  of  high  temperatures. 

Many  plants  use  large  quantities  of  steam  for  manu-» 
faeturing  processes  as  well  as  for  power.  It,  therefore, 
becomes  highly  important  not  only  to  know  that  the 
steam  is  being  economically  generated,  but  that  an  ex- 
cessive loss  is  not  taking  place  in  the  distribution  to  the 
various  departments.  Suspicion  of  such  waste  has  little 
weight  with  department  foremen  as  each  points  to  the 
others  as  responsible,  "if,  indeed,  there  is  any  waste  at 
all."  Thus  the  investigator  travels  in  a  circle,  arriving 
finally  at  the  starting  point,  and  is  unable  to  prove  his 
case.  As  a  consequence,  there  has  arisen  a  demand  for 
a  reliable  steam  meter,  some  of  which  indicate,  by  a 
pointer,  the  rate  of  steam  in  pounds  per  hour  flowing  at 
the  moment  of  observation ;  others  contain  a  chart  upon 
which  this  rate  is  autographically  recorded  and  from 
whicli  the  total  jjounds  may  be  computed.     Nearly   all 


employ  some  form  of  a  pilot  tube  projecting  into  tl 
main  j)ipe  from  which  one  or  more  small  [iressure  piju 
lead  to  the  instrument. 

It  has  been  proved  by  a  series  of  calibrations  that  tl 
original  ideas  regarding  the  adaptability  of  the  ventu 
meter  for  the  measurement  of  gases  were  sound  and 
is  the  purpose  of  this  article  to  describe  the  commerci: 
apparatus. 

When  steam  flows  through  a  pipe  contracted,  as  show 
in  Fig.  1,  the  pressure  at  the  throat  B  is  less  than  i 
the  inlet  A,  due  to  the  increased  velocity  at  B.  In 
properly  proportioned  pipe  this  loss  of  pressure  is  almo; 
entirely  regained  at  the  outlet  C,  which  in  turn  is  due  \ 
the  decrease  in  velocity  after  the  steam  passes  the  throa 
These  facts  mav  be  proved  by  inserting  pressure  gages  i 
A,  B  and  C. 

Practically  the  same  amount  of  steam,  therefore,  wi 
be  delivered  through  such  a  tube  as  through  a  length  < 
straight  pipe  of  equal  length  and  diameter  under  tl 
same  working  pressure.  The  tempcrary  loss  of  pressui 
at  B  can  be  accurately  measured  by  a  U-tube  containin 
mercury  and  the  difference  in  pressure  between  .4  an 
B  bears  a  definite  relation  at  all  times  to  the  rate  of  flo\ 
or  velocity,  at  B. 

Ml•:T^;l^  Tunic 

The  meter  tuljc.  Fig.  2,  is  made  in  several  scctioi 
bolted  together  by  flanged  joints.  The  size  is  expressc 
by  the  diameter  of  the  ends  in  inches,  thus  an  8-in.  met( 
tube  will  properly  fit  into  an  8-in.  pipe  line.  Steam  flov 
from  left  to  right  ^^dlen  the  tube  is  in  the  position  i 
lustrated.  At  A,  Fig.  1,  is  an  annular  chamber  enci 
cling  the  tube,  called  the  inlet  pressure  chamber ;  at  5  is 
similar  chamber  called  the  throat  pressure  chambe 
Numerous  vents  open  into  the  chambers  from  the  ii 
terior  and  connections  to  the  indicating  or  registerir 
instrument  arc   nia.lc  at   the   tapped   holes   shown.      Tl 
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Fig.  2.    Mktei;  Tube 

contour  of  the  inside  is  similar  to  Pig.  1.     The  throat 
lined    with    bronze.      Calculations   for   rate    of   flow    a 
based  u])on  the  throat  ilianiclcr.     The  end  view,  Fig. 
shows    the    entire    absence    (jf    any    inwardly    projectir 
jiarts. 

Manojieter 

Theoretically  the  simplest  indicating  instrument  whit 
could  be  employed  with  the  meter  tube  would  be  a  U-tub 
one  leg  connecting  with  the  inlet  and  the  other  with  tl 
throat  pressure  chamber  of  the  former.  Commercial 
the  latest  type  of  instrument  is  constructed,  as  illu.stratc 
by  Pig.  3,  on  the  principle  of  the  barometer  and  consis 
essentially  of  a  single  glass  tube  projecting  into  a  we 
containing  mercury.  The  upper  portion  of  the  well 
connected  through  the  valve  A  to  the  inlet  of  the  met( 
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5.  3.    Maxometee.    Fig.    i.    Type  JI  Register-In'- 
DicATOR  Recorder 

)e  and  the  upper  portion  of  the  glass  tube  through  the 
ve  B  to  the  throat  of  the  meter  tube.  There  is  no  flow 
water  or  steam  through  the  manometer  and  it  contains 
mechanism. 

rhe  rate  of  tlow  in  pounds  per  hour,  or  other  units,  is 
d  directly  on  the  graduated  scale  shown  at  the  left  of 
'  glass  tube.  Before  starting  operations  this  scale  is 
adjusted  vertically  that  the  zero  line  near  the  bottom 
nes  opposite  the  top  of  the  float  resting  on  the  mercury 
umn.  Xo  further  setting  is  necessary  when  taking 
dings,  the  fixed  scale  forming  a  distinctive  feature  of 
s  instrument.  The  rate  of  flow  is  read  opposite  the 
)  of  the  float,  thus  avoiding  errors  introduced  in  sim- 
r  instruments  by  the  mercury  meniscus.  The  total 
antity  of  steam  is  equal  to  the  product  of  the  average 
e.  obtained  from  periodic  observations,  and  the  elapsed 
le.  By  employing  separate  scales  a  single  manometer 
y  be  used  alternately  with  any  number  of  meter  tubes. 
r  an  occasional  determination  of  the  amount  of  steam 
jplied  to  the  engine  room  and  other  departments  of 
i  plant,  a  meter  tube  may  be  placed  permanently  in 
■h  main  line  and  the  manometer,  which  is  portable, 
id  in  connection  with  any  one  of  these  tubes  as  often 
desired. 
A.  new  type  of  registering  instrument,  shown  by  Fig. 


4,  is  called  tlie  Type  M  register-indicator  recorder.  This 
machine  has  three  dials;  the  indicator  dial  shows  the 
exact  rate  of  flow  in  pounds  per  hour  at  the  moment  of 
observation.  It  is  over  30  in.  in  circumference  and  can 
be  read  to  14  of  1  per  cent.  By  observing  the  position 
of  the  dial  hand  the  operating  egnineer  can  throttle  the 
flow  to  any  desired  rate.  If  required  an  additional  hand, 
which  can  be  set  to  any  graduation  mark,  is  supplied  so 
that  by  regulating  the  steam  valve  in  such  a  manner  as 
to  keep  the  two  hands  in  alignment  a  definite  steam  sup- 
ph'  is  continuously  maintained.  Irregular  steam  flow 
and  defective  action  of  steam-taking  units  are  revealed 
by  oscillation  of  the  dial  hand. 

The  chart-recorder  dial  contains  a  circular  chart  ap- 
proximately 12  in.  in  diameter  which  furnishes  an  un- 
broken record  of  the  rate  of  flow  from  hour  to  hour 
through  the  meter  tube.  These  charts  form  a  daily  rec- 
ord of  all  irregularities  in  steam  consumption,  whether 
due  to  normal  demands  or  inefficient  operation.  The 
counter  dial  shows  the  total  pounds  of  steam  which  have 
passed  through  the  meter  tube  and  is  similar  to  the  dial 
of  an  ordinary  water  meter. 

Fig.  5  shows  a  section  through  one  of  the  two  mercury 
wells  at  the  rear  of  the  register.  The  two  wells  are  con- 
nected at  the  bottom  by  a  small  pipe.  Each  well  is  filled 
with  mercury  to  the  level  shown,  and  upon  each  mercury 
surface  rests  a  float.  The  lower  well  is  subjected  to  the 
iulet  and  the  upper  to  the  throat  pressure  of  the  meter 
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Figs.  5,  6  and  7.    Details  of  Registering  Apparatus 
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Fig.  8.    Method  of  Installing  Meter 

tube,  so  that  a  portion  of  the  mercury  is  constantly  be- 
ing transferred  from  one  well  to  the  other  in  direct  pro- 
portion to  the  difference  in  the  two  pressures.  This 
causes  one  float  to  rise  and  the  other  to  descend  and 
such  movement  is  transmitted  throiigh  substantial  rack 
and  spur  gearing  to  the  main,  or  indicator-dial  hand 
shaft,  as  illustrated  by  the  sectional  side  view,  Fig.   6. 

The  indicator-dial  hand  shaft  L  carries  on  its  front 
end  a  cam  A,  Fig.  7.  The  cam  controls  the  movements 
of  a  main  lever  B  which  is  supported  on  two  knife-edge 
bearings  8  and  carries  a  yoke  C.  The  counter  dial  D  is 
actuated  by  a  small  roller  which  presses  upon  the  alumi- 
num disk  E  revolved  at  constant  speed  by  a  pendulum 
clock.  The  amount  of  movement  of  the  counter-dial 
hand^;  is  therefore  determined  by  the  position  of  the 
roller  on  the  disk.  This  particular  type  of  integrating 
device  was  designed  for  use  with  earlier  registering  de- 
vices for  water  measurement.  The  aluminum  yoke  also 
carries  pen  arm  F  containing  pen  P  which  makes  a  con- 
tinuous record  of  the  rate  of  flow  upon  the  circular  chart 
revolved  by  a  marine  clock  movement  0. 

In  Fig.  8  is  shown  a  typical  arrangement  of  meter  tube 
and  registering  instrument.  Steam  does  not  flow  through 
the  register;  its  readings  are  controlled  by  the  difl'erence 
in  pressure  at  the  inlet  and  throat  of  the  meter  tube  as 
transmitted  by  the  two  small  pipes.  In  each  of  these 
pressure  pipes  and  close  to  the  meter  tube  is  placed  a 
horizontal  "condensing  chamber"  of  simple  construction, 
the  purpose  of  which  is  to  keep  an  equal  head  of  water, 
or  condensed  steam,  in  both  pressure  pipes  when  varia- 
tions in  flow  occur. 

Fig.  9  illustrates  an  actual  chart  (reduced)  obtained 
from  a  3-in.  meter  in  service  in  one  of  the  power  plants 


of  a  prominent  electric-railway  company.  The  steam 
was  supplied  to  14  fan  blowers  located  under  the  boil- 
ers and  which  were  automatically  switched  into  or  out 
of  service  by  a  single  pressure-regulating  valve  controlled 
by  the  steam  jtrcssure  in  ilie  main  pipe.  The  irregular 
lines  on  the  chart  show  tlie  steam  requirement  when  the 
blowers  were  running  and  also  the  frequency  of  opera- 
tion. The  regular  lines  A,  B  and  ('  were  made  when  the 
blowers  were  cut  out,  apparently  recording  a  flow  of 
steam  amounting  to  1400  lb.  per  hour.  Actual  investiga- 
tion showed  that  the  balanced  controlling  valve  was  leak- 
ing and  could  not  be  made  tight.  In  other  words,  the 
venturi  meter  revealed  a  waste  of  steam  amounting  to 
ajtproximately  34,000  lb.  every  34  hours. 

Among  the  more  prominent  advantages  of  the  venturi 
steam  meter  the  following  claims  are  made : 

The  tube  gives  a  very  high  difference  in  pressure  be- 
tween the  inlet  and  throat,  amounting  to  10  lb.  per  sq.in. 
at  the  maximum  capacity  for  which  the  meter  is  de- 
signed. Slight  changes  in  rate  of  flow  are  consequently 
accompanied  by  comparatively  large  changes  in  difl'er- 
ential  pressure,  allowing  the  registering  device  to  be 
ruggedly  constructed  and  avoiding  all  delicate  parts  or 
adjustments. 

Steam  flows  only  through  the  meter  tube  which  con- 
tains a  perfectly  unobstructed  passageway.  Insertion  of 
the  meter  tube  in  the  main  line  does  not,  like  an  orifice, 
cause  a  drop  in  steam  pressure. 

The  accuracy  of  operation  of  the  registering  device 
can  be  easily  tested  at  any  time  by  connecting  the  ma- 
nometer into  the  two  pressure  lines  shown  by  Fig.  8  and 
comparing  the  readings   of  the  two  instruments.     The 


Fig.   9.    A  Typical  Chakt 

register  furnishes  three  distinct  kinds  of  information, 
each  of  which  is  of  high  value  in  improving  and  main- 
taining economical  operation  of  the  power  j)lant.  The 
meter  has  a  wide  range  of  capacity ;  thus  an  8-in.  meter 
will  accurately  measure  all  rates  of  flow  between  8000 
and  43,000  lb.  per  hour  at  100  lb.  gage  pressure.  It  also 
automatically  corrects  for  one-half  the  difference  in  den- 
sity of  steam  for  pressures  other  than  for  which  the 
graduations  are  calculated. 


496 


p  0  w  E  n 


Vol.  38,  No.  15 


Cooling  Towers  for  the  Power  Plant 


By  I*]vEii.Uii)  Hkown 


YNOPSIS — Types  and  consinirtion  of  lowers,  distri- 
ution  of  water  and  air.  and  iirinci/iles  of  operation. 

Cooling  towers  have  been  in  use  eonimercially  in  this 
luntry  for  about  twenty  years.  It  is  only  within  the 
ast  few  years,  however,  that  they  have  met  with  any 
reat  encouragement,  and  this  lias  been  due  mostly  to 
le  advent  of  the  steam  turbine,  particularly  the  low- 
ressure  type.  In  fact,  it  might  almost  be  said  that  in 
lany  localities  where  the  quantity  of  water  is  limited, 
le  cooling  tower  has  made  the  use  of  condensing  ma- 
iiinery  possible.  This  fact  is  perhaps  more  greatly  eni- 
hasized  in  connection  with  exhaust  or  low-pressure 
;eam  turbines  which  require  high  vacuums  in  order  to 
et  maximum  output  at  minimum  cost.  There  are,  no 
oubt,  many  installations  in  existence  today  running  con- 
ensiug  as  a  result  of  the  cooling  tower. 

As  a  rule  each  installation  of  cooling  towers  must  be 
•eated  separately  because  of  climatic  conditions;  there- 
3re,  no  general  formula  can  bo  laid  down  for  towers  of 
arying  capacities  that  would  be  applicable  to  all  locali- 
es.  It  inight  be  stated  in  a  general  way,  however,  that 
)calities  best  suited  to  tlieir  use  are  those  possessing  a 
ry  climate.  The  two  most  potent  factors  that  enter 
1  to  the  proper  design  and  size  of  an  installation  are 
?mperature  and  humidity  of  the  atmosphere. 

The  function  of  a  cooling  tower  is  to  dissipate  tho 
eat  in  the  ingoing  water  to  tlie  atmosphere  and  its  gen- 
ral  principles  are  to  some  extent  the  reverse  from  those 
mbodied  in  the  condenser.  Its  efficiency,  therefore,  de- 
ends  entirely  upon  the  amount  of  heat  extracted  from 
ich  pound  of  water  at  a  minimum  cost  for  fixed  and 
perating  charges,  consequently  its  design  and  construe- 
on  should  be  such  that  a  most  intimate  contact  will 
B  obtained  between  the  water  and  the  air.  The  heat  in 
le  water  is  extracted  in  two  ways,  namely:  by  supply- 
ig  the  latent  heat  for  vaporization  and  by  heating  the 
ir  passing  through  tlie  tower.  The  first  of  these  removes 
le  greater  portion  of  the  heat. 

Water  Vapok  Aiisoiinia)  by  Air 

The  amount  of  water  vapor  which  can  be  absorbed  by 
iiy  given  volume  of  air  depends  upon  its  temperature 
Qd  the  amount  of  water  present  in  the  air  originally, 
dso  any  increase  in  the  temperature  of  the  air  naturally 
lereases  its  water-absorbing  capacity.  The  term,  relative 
umidity,  is  the  ratio  of  the  water  vapor  in  the  air  to 
le  water  vapor  it  contains  when  saturated.  Now,  for 
sample,  suppose  that  in  a  certain  locality  the  average 
Blative  humidity  is  73  per  cent,  and  the  average 
miperature  is  53  deg.,  then  tlie  average  weight  of  water 
er  pound  of  air  is  approximately  0.006  lb.  If  the 
umidity  is  increased  to  100  per  cent,  and  the  air  is  at 
le  same  temperature,  then  the  weight  of  water  per  pound 
f  air  is  about  0.008  lb.  Therefore,  if  a  pound  of  this 
ir  passes  over  water  and  becomes  saturated  it  can  take 
p  0.003  lb.  of  water  in  the  form  of  vapor  and  thus 
?duce  the  temperature  of  one  pound  of  water  approxi- 
lately  3  deg.  In  addition  to  this  abstraction  of  3  B.t.ii., 
he  increase  in  the  temperature  of  the  air  as  it  rises  in 


the  lower  gives  it  a  hirger  vapor-absorbing  capacity  per 
unit  of  quantity  so  that  its  capacity  would  be  about 
0.044  lb.  if  it  were  heated,  say,  100  deg.,  thus  represent- 
ing an  abstraction  of  3  deg.  from  approximately  I'J  lb. 
of  water. 

It  can  readily  be  seen,  therefore,  why  a  closed  tower 
is  more  efFeetive  than  an  open  one  and  that  the  hotter 
the  water  discharged  by  the  condenser,  the  hotter  will  be 
the  rising  current  of  air,  and,  consequently,  the  greater 
will  be  its  capacity  for  taking  up  moisture  and  abstract- 
in<r  heat.     It  is  also  evident  that  the  less  moisture  there 
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Gkxekal  Design  of  Cooling  Tower 

is  in  the  ingoing  air  the  greater  will  be  its  absorbing 
powers,  which  accounts  for  the  fact  that  cooling  towers 
are  more  suitable  for  a  dry  than  a  wet  climate.  At 
many  installations  a  large  cloud  of  vapor  may  be  noticed 
hovering  over  the  tower,  which  might  possibly  be  drawn 
down  into  it  again  and  thus  reduce  its  effectiveness. 
Under  such  circumstances  it  may  be  advisable  to  provide 
a  reasonably  high  stack  to  carry  off  this  vapor. 

The  air  leaving  the  tower  should,  of  course,  be  as 
nearly  saturated  as  possible,  and  this  can  be  accom- 
plished only  by  getting  the  most  intimate  contact  between 
it  and  the  water.  In  order  to  get  the  best  results  from 
an  economical  viewpoint,  there  should  also  be  a  fixed 
relationship  between  the  condenser  and  cooling  tower  as 
to  temperatures  as  well  as  between  the  quantities  of  all 
air  and  water  entering  the  tower.  It  is  on  these  rela- 
tionships that  the  proper  design  and  size  of  the  tower  is 
based.  T'or  example,  the  manufacturer  will  guarantee 
a  difference  in  temperatures  between  the  ingoing  and  out- 
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going  water  of  the  tower  of,  say,  33  deg.,  or  from  130 
to  95  cleg.,  at  a  certain  wet-bulb  temperature.  This, 
however,  does  uot  mean  that  the  same  reduction  of  35 
deg.  will  result  with  water  entering  at  100  or  115  deg., 
even  tliuugh  all  other  conditions  remain  the  same.  The 
calculations  in  this  case  are  all  based  on  ingoing  water 
at  130  deg.,  axid  the  amount  of  cooling  surface  in  the 
tower  is  governed  accordingly.  This  means,  that  there 
are  certain  conditions  upon  which  a  cooling-tower  guar- 
antee of  performance  is  based,  namely :  quantity  of  water 
handled,  initial  temperature  of  this  water  and  wet-bvdb 
temperature.  The  first  two  of  these  can  be  largely  eon- 
trolled,  but  the  third  is  a  variable  that  may  change  at 
any  time.  So,  it  is  apparent  that  the  conditions  under 
which  the  guarantee  is  made  are  met  with  only  at  times 
and  then  only  can  the  range  of  water  temperature  guaran- 
teed be  obtained.  It  might  be  interesting  to  note,  how- 
ever, that  there  are  records  of  some  installations  where  the 
temperature  of  the  water  has  been  lowered  below  that  of 
the  atmosphere.  This,  of  course,  is  the  result  of  the  heat 
abstraction  due  to  vaporization. 

Typks  of  C'oolixc  Towek 

Cooling  towers  are  made  in  many  diiferent  forms,  such 
as  round,  square,  rectangular,  octagonal,  etc.,  although 
the  round  and  square  ones  are  probably  the  most  com- 
mon. The  shell  is  made  either  of  wood  or  metal,  usually 
at  the  option  of  the  purchaser.  A  shell  made  of  a  good 
grade  of  swamp  cypress  will  probably  last  as  long  if  not 
longer  than  one  of  steel,  especially  if  the  wood  is  first 
treated  with  some  good  wood  preservative.  A  steel  shell 
should  be  well  painted  both  before  and  after  erection  in 
order  to  protect  it  from  corrosion.  The  wood  is  perhaps 
slightly  cheaper  and  the  steel  requires  somewhat  less 
ground  space,  otherwise  the  advantages  of  the  one  over 
the  other  are  practically  negligible.  The  filling  usually 
consists  of  boards  or  strips  of  swamp  cypress,  geomet- 
rically arranged  so  as  to  insure  complete  and  ultimate 
distribution  of  the  water  and  the  air.  The  arrangement 
should  also  be  such  that  there  will  be  the  least  possible 
frictional  resistance  to  the  air  circulation,  thus  reducing 
to  a  minimum  the  jDower  required  to  operate  the  fans 
and  at  the  same  time  permitting  the  flow  of  a  larger 
volume  of  air  through  the  tower,  such  as  might  be  neces- 
sary in  the  case  of  a  temporary  overload.  Perforated 
iron  or  steel  mats,  wire  nets,  tile  or  metal  tubing,  cloth, 
etc.,  are  also  used  quite  extensively  for  the  same  pur- 
i:>ose.  In  all  cases,  however,  the  same  precaution  should 
be  taken  to  get  good  distribution  with  as  little  resistance 
as  possible  because  both  of  these  are  very  essential  to  the 
best  operation  of  the  tower.  Some  objection  has  been 
raised  to  the  mat  or  cloth  filling  because  dirt  and  pos- 
sibly oil  from  the  cylinders  of  the  engines  are  apt  to 
clog  up  the  small  openings  in  the  mats  and  cling  to  the 
surface  of  the  cloth  so  that  the  water  will  not  become 
so  finely  divided,  but  will  descend  in  more  or  less  large 
films  or  streams,  which,  of  course,  is  inimical  to  high 
efficiency.  To  overcome  this  difficulty,  at  least  to  some 
extent,  such  fillings  are  so  designed  that  the  mats  or 
cloth  can  be  removed  in  sections  for  the  purpose  of 
cleaning  without  interrupting  in  any  way  the  operation 
of  the  tower.  All  fillings,  irrespective  of  design  and 
material,  should  be  self-supporting  and  practically  inde- 
pendent of  the  shell. 


DlSTIilBUTION   OF   WaTER 

Another  important  factor  that  must  receive  due  con- 
sideration is  the  even  distribution  of  the  water  at  the 
top  of  the  tower.  There  are  several  types  of  distributors 
for  this  purpose,  all  of  which  no  doubt  have,  at  least  some 
merits.  Of  these  various  types  there  are  two  that  seem 
to  enjoy  the  greatest  popularity.  One  of  these  is  simply 
a  flume  on  the  side  of  the  tower  which  feeds  a  number 
of  small  troughs  that  are  laid  across  the  top  of  the  filling. 
These  troughs  are  perforated  with  many  comparatively 
small  holes  and  if  there  are  a  sufficient  number  of  troughs, 
a  pretty  even  distribution  may  be  expected.  The  other 
method  of  distributing  the  water  is  by  means  of  a  re- 
\olving  hub  to  which  a  number  of  pieces  of  pipe  are 
radially  attached  in  a  way  similar  to  the  spokes  of  a 
wheel.  These  pipes  or  sf)okes  are  perforated  along  one 
side  only  so  that  when  the  water  is  introduced  it  causes 
a  revolving  action  due  to  the  force  of  the  jets  from  each 
of  the  perforations.  The  apparatus  is  simply  a  large 
lawn  sprinkler  that  throws  the  water  out  radially  instead 
of  upward.  Because  of  its  shape  and  revolving  motion 
it  is  best  suited  to  round  towers. 

AiK  Supply 

A  forced-draft  tower,  as  its  name  implies,  depends 
upon  one  or  more  large  fans,  generally  located  near  the 
base  to  create  the  draft.  It  should  be  fully  enclosed 
around  ihe  bottom  with  the  exception  of  the  fan  openings 
so  that  the  only  egress  for  the  air  is  up  through  the  fill- 
ing and  out  of  the  top  of  the  tower.  This  type  does  not 
require  a  stack  unless  it  be  for  the  purpose  of  carrying 
off  the  vapors  so  that  they  cannot  be  again  drawn  in  by 
the  fans  at  the  bottom.  There  is  another  type  of  forced 
draft  tower  in  which  a  single  fan  is  located  horizontally 
at  the  top  of  the  tower  which  draws  the  air  in  at  the 
bottom,  up  through  the  tower  and  then  forces  it  through 
a  short  stack  which,  with  such  a  construction,  is  essential. 
In  this  case  there  is  an  open  space  all  around  the  bottom 
of  the  tower  to  admit  the  air  freely.  Usually  the  shell 
and  filling  are  supported  on  deep  steel  or  concrete  girders 
that  extend  across  the  rest  on  the  walls  of  the  sump,  thus 
leaving  an  opening  all  around  equal  in  height  to  the 
depth  of  these  girders.  This  horizontal  type  of  fan  is 
u.sually  driven  by  means  of  a  pelton  wheel,  also  located 
horizontally,  at  the  top  and  just  beside  the  fan.  Both 
the  fan  and  the  pelton  wheel  driving  it  are  supported 
by  an  hydraulic  step  bearing.  A  design  of  this  kind 
has  the  advantage  that  it  requires  nothing  but  water 
for  its  entire  operation,  whereas  the  other  type  with  the 
vertical  fans  at  the  base  usually  have  motors  to  operate 
the  fans.  It  is  questionable,  however,  whether  there  is 
any  saving  in  power  with  the  single  fan  at  the  top  over 
the  regular  motor-driven  fans,  as  the  water  to  operate  it 
must  be  pumped  to  a  considerable  height.  It  is  also 
questionable  if  as  good  a  distribution  of  the  air  is  ob- 
tained. The  actual  amount  of  power  required  to  operate 
fans  for  either  type,  depends  upon  too  many  variables 
that  govern  the  quantity  of  air  required  in  order  to  get 
the  most  economical  results  to  permit  of  any  standard 
rule  or  even  much  of  a  predetermination  for  any  par- 
ticular installation.  Calculations  should,  of  course,  be 
made  in  order  to  determine  as  nearly  as  possible  the  size 
of  drive  reqiiired,  but  they  can  only  be  made  for  the 
individual  installation  under  consideration. 
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The  natural-draft  tower  is  similar  to  the  forced-draft 
except  that  a  relatively  high  stack  is  required  and  that 
plenty  of  space  must  be  allowed  for  the  air  to  enter  at 
the  bottom.  Not  having  any  fans,  it  is  naturally  a  less 
expensive  installation  both  as  to  initial  and  operating 
costs.  A  larger  cooling  surface  is  necessary,  however, 
which  means  that  more  ground  space  is  used  as  it  is 
hardly  advisable  to  build  the  structure  very  high  on 
account  of  the  large  head  against  which  the  water  must 
be  pumped.  Its  operation  will  be  more  variable  than 
with  the  forced-draft  type,  because  of  its  dependence  only 
upon  the  natural  rising  action  of  the  heated  air  for  its 
draft,  consequently,  when  the  weather  is  not  favorable, 
the  results  in  the  tower  will  be  likewise.  Europe  seems 
to  be  quite  partial  to  this  type  of  tower,  due,  perhaps, 
to  its  low  initial  cost  and  freedom  from  much  care  and 
attendance,  while  in  this  country  the  reverse  seems  to 
obtain,  the  idea  being  to  get  the  maximum  results  pos- 
sible under  all  weather  conditions  even  at  an  increased 
expenditure  of  money,  if  necessary. 

Homemade  Tower 

To  all  appearances  a  cooling  tower  is  quite  a  simple 
affair,  which  fact  has  led  many  to  erect  a  so  called 
'"homemade  tower."  Usually  the  results  obtained,  how- 
over,  are  not  verv  satisfactory.     While  there  is  really  no 


valid  reason  why  such  installations  should  not  answer  the 
purpose,  yet  they  do  not  seem  to  come  up  to  expectations, 
probably  because  the  problem  looked  so  easy  that  sufficient 
care  was  not  exercised  in  the  design.  There  are,  of 
cour,se,  many  patents  covering  certain  forms  of  construc- 
tion which  prohibit  their  use  without  permission,  and 
many  of  these  have  been  thoroughly  demonstrated  and 
shown  to  properly  perform  the  function  required  of  them. 
Furthermore  a  great  deal  of  time  and  money  have  been 
expended  by  cooling-tower  manufacturers  in  perfecting 
their  product,  of  which  the  builder  of  a  homemade  tower 
would  get  no  benefit.  It  is  also  questionable  whether 
there  would  be  any  great  money  saving  in  the  end. 

FouK  Essentials  ix  Design 

To  insure  a  high  profit  upon  the  investment,  the  desigii 
of  a  cooling  tower  must  comply  with  four  essentials  and 
these  are:  low  initial  cost,  low  operating  cost,  large 
cooling  capacity  and  cooling  range,  and  small  ground 
area. 

The  fourth  item  is  important  only  when  the  tower 
is  to  be  placed  upon  a  roof  or  where  the  ground  area  is 
limited  or  expensive.  If  these  essentials  are  carefully 
borne  in  mind  when  designing  the  tower  there  is  but 
slight  possibility  of  failure  even  with  a  homemade 
one. 


Pneumatic  Cylinder-Packing  Leathers 


By  F.  \V.  Bentley,  Jr. 


SYNOPSIS — Directions  are  given  for  replacing  'pneu- 
matic cylinder  packing,  showing  defects  resulting  from 
some  methods  employed  and  how  to  eliminate  them. 

Ever  since  compressed  air  has  been  used  to  operate 
hoists,  brakes  and  other  labor-saving  devices,  tlie  general 
utility  of  leather  for  a  cylinder  packing  in  connection 
with  them  has  never  lessened.  The  soft  pliable  nature 
of  leather  and  its  great  filirous  strength  ennble  it  to  ef- 


Putting  in  a  new  cylinder  leather  does  not  require 
extraordinary  mechanical  ability,  but  when  viewed  from 
the  standpoint  of  durability  and  service,  as  much  care 
should  be  given  to  this  work  as  to  the  repair  of  the  most 
costly  machinery  in  the  engine  room.  The  aim  of  this 
article  is  to  bring  out  a  few  points,  sometimes  not  con- 
sidered, which  directly  tend  to  maintain  the  leather  in 
perfect  and  efficient  working  condition  as  long  as  pos- 
sible. 
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TWO  SHOULDERS  ON 
FOU.OVVER  PUATt 


Dktails  of  Follower  Plates  and  Packing  Leathers 


fectively  retain  compressed  air.  But  leather  does  not 
completely  cover  the  requirements  of  a  cylinder  packing 
when  used  for  compressed  air,  and  in  many  instances  but 
little  attention  is  given  to  the  manner  in  which  the 
leather  is  prepared  and  applied  to  the  piston  and  cylin- 
der. This,  nevertheless,  has  a  more  direct  bearing  on 
the  life  and  utility  of  the  leather  than  almost  any  other 
condition  imposed  upon  it. 


A  packing  leather  is  generally  secured  to  the  head  of 
the  cylinder  piston  by  variously  constructed  follower 
plates.  The  most  common  type  of  follower  is  that  shown 
by  the  cross-section.  Fig.  1.  The  circular  shoulder  A,  on 
ihe  under  side  of  the  plate,  is  to  force  the  leather  tightly 
against  the  top  of  the  piston  head  to  form  an  air-tight 
union  lietween  it  and  the  plate.  The  fault  of  this  plate 
is  its  weakness,  when  made  of  cast  iron,  for  the  slight 
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leverage  caused  by  the  draw  of  the  bolt  inside  the  cir- 
cular shoulder  is  ofteu  sufficient  to  break  the  follower. 

This  difficulty,  in  spite  of  the  inherent  brittleness  of 
cast  iron,  can  be  overcome  by  using  a  follower  having 
two  circular  bosses,  allowing  the  follower  studs  to  go 
through  the  plate  between  them,  as  AA,  Fig.  2.  The 
compressive  draw  of  the  stud  nuts  is  evenly  distributed 
between  the  two  bosses.  Its  construction  necessitates 
using  a  wider  leather,  which  is  an  advantage,  as  the 
leather  is  necessarily  cut  and  fitted  over  the  plate  studs 
and  cannot  work  out  from  tlie  follower  when  tightened. 

The  packing  leather,  however,  is  the  vital  part  of  any 
pneumatic  device  possessing  an  air  cylinder,  and  there 
are  a  few  jjoints  in  connection  with  the  preparation  of 
the  leather,  and  its  application  to  the  piston  head  which, 
if  heeded,  will  tend  to  greatly  increase  the  efficiency  of 
the  leather.  The  commercial  leather  most  commonly  used 
for  air-cylinder  packing  generally  has  one  side  of  the  ma- 
terial finished,  which  hardens  its  surface  and  destroys 
the  porosity  of  the  leather.  The  side  known  as  the  flesh 
,side  is  porous  and  should  come  in  contact  with  the  cyl- 
indei-  walls,  as  it  is  pliable  and  can  readily  fill  any  ir- 
regularity or  slight  cut  in  the  cylinder.  The  flesh  side 
■of  the  leather  will  more  readily  absorb  and  retain  any 
lubricant  put  into  the  cylinder  to  prevent  the  wear  of  the 
leather  and  to  assist  in  maintaining  its  pliability. 

In  many  instances  the  packing  leather  is  fastened  to 
the  piston  head  and  drawn  into  the  cylinder  with  no  pro- 
vision made  to  overcome  cramping,  for  compression,  as  a 
result  of  forcing  it  into  the  cylinder,  will  cause  parts  of 
the  leather  to  bend  over  and  away  from  the  cylinder 
walls.  The  rigidity  of  these  parts  in  this  position  makes 
it  difficult  for  even  a  very  strong  air  pressure  to  force  th^ 
leather  against  the  cylinder  and  air  leakage  re.sults. 


Fig.  5.    Scarfing  a  Leather 

This  difficidty  can  be  overcome  by  scarfing  the  upper 
inner  side  of  the  leather  to  a  thin  edge,  Fig.  3,  and  at  A, 
Fig.  i_.  The  air  can  then  more  easily  force  the  leather 
against  the  walls  of  the  cylinder  and  make  the  packing 
air-tight.  The  arrows.  Fig.  4,  also  show  the  action  of 
the  air  on  the  thick  edge  of  an  unscarfed  leather,  and  how 
the  thin  edge  of  a  scarfed  leather  is  more  easily  thrown 
against  the  sides  of  the  cylinder. 

In  Fig.  5  the  edge  of  the  leather  is  illustrated,  held 
even  with  the  side  of  some  metallic  surface  and  scarfed 
by  turning  the  leather  at  each  draw  of  the  knife.  The 
required  angle  of  the  scarf  is  easily  kept  during  the  cut 


by  pressing  the  knife  blade  against  the  edge  of  the  sur- 
face on  which  the  leather  is  held. 

I]xpander  rings  should  be  given  special  attention.  Ofteu 
these  rings  are  rolled  and  set  with  too  large  an  outside 
diameter,  and  then  forced  to  enter  the  inside  of  the  up- 
turned part  of  the  leather  by  cutting  a  piece  off  the  ends. 
This  is  radically  wrong,  for  it  produces  an  elliptical- 
shaped  ring  which  bears  upon  the  leather  at  two  points 
only,  namely,  at  the  ring  opening  and  directly  across 
from  it  at  the  swell  of  the  circle.  The  leather  consequent- 
ly wears  more  quickly  at  these  points  and  the  rest  of  it 
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has  only  a  slight  contact  with  the  cylinder  walls.  Fig. 
6  is  an  exaggerated  view  to  make  this  clear.  The  ring 
should  be  rolled  to  an  outside  diameter  only  a  trifle  larger 
than  the  inside  diameter  of  the  upturned  part  of  the 
leather,  as  shown  at  A,  Fig.  7. 

Another  important  i^oint  in  connection  with  the  con- 
struction of  the  expander  ring  is  the  nature  of  the  break 
or  opening  in  the  ring  itself.  Frequently  the  two  ends 
of  the  ring  are  cut  squarely  across,  as  in  Fig.  8.  Should 
the  diameter  of  the  ring  be  a  trifle  too  large  or  should 
the  ring  happen  to  have  an  undue  amount  of  spring  and 
an  excessive  opening,  a  part  of  the  leather  would  not 
press  against  the  walls  of  the  cylinder.  Fig.  9. 

The  most  desirable  and  practical  way  to  prepare  the 
opening  of  the  ring  is  to  scarf  the  ends,  allowing  them 
to  overlap.  This  can  be  done  before  the  extra  stock  on 
the  ends  is  removed  after  rolling,  as  in  Fig.  10.  This 
permits  the  expander  to  come  in  contact  with  the  leather 
and  press  it  outward  at  every  point. 

Often  in  hoists  of  the  upward-pull  type,  due  to  their 
construction,  the  leather  cannot  be  drawn  into  the  cyl- 
inder, but  must  be  compressed  or  forced  into  the  mouth 
of  the  cylinder  barrel.  Fig.  11  shows  how  a  rectangular 
piece  of  tin  or  sheet  metal  can  be  placed  around  the  in- 
side mouth  of  the  cylinder,  something  after  the  style  ol 
a  funnel.  The  piston  head  with  the  attached  leather  is 
then  drifted  into  the  cylinder.  The  leather  cannot 
squeeze  out  at  any  point  as  it  often  does  when  the  at- 
tempt is  made  to  start  or  drift  it  with  thin-edged  chisels. 
The  tin  is  easily  withdrawn  with  a  pair. of  knurled  tip 
pliers,  should  it  drift  into  the  cylinder  with  the  leather. 
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Standardization  of  Boiler-Stoker  Installations 
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This  paper  has  beoii  prepared  as  a  plea  for  the  siaiid- 
ardizatiou  of  a  better  praetir-e  iu  the  installation  of  boil- 
ers and  stokers.  This  higher  standard  must  be  attained 
so  that  a  practice  may  be  established  in  the  different 
cities  that  will  conduce  to  a  more  smokeless  operation  of 
plants,  independent  of  any  boiler  or  stoker. 

Today  the  people  to  blame  for  the  smoke  nuisance  are 
the  manufacturers  of  Isoilers  and  stokers,  the  purchaser 
who  buys  and  operates  the  equipment,  the  consulting  en- 
gineers and  architects,  the  smoke  inspectors.  It  cannot 
be  stated  that  any  one  is  more  responsible  than  another. 
It  makes  no  difference  whether  or  not  the  boiler  and 
stoker  manufacturers  present  a  smokeless  combination, 
the  installation  can  be  ruined,  insofar  as  the  abatement 
of  smoke  is  concerned,  by  the  purchaser  and  operator.  In 
order  to  correctly  place  the  responsibility,  it  is  necessary 
tc  analyze  each  installation  separately. 

There  have  been  some  improvements  in  recent  years 
in  the  matter  of  boiler  and  stoker  combinations.  Boilers 
have  been  raised  somewhat;  stokers  have  been  set  dif- 
ferently; more  attention  has  been  given  to  the  breech- 
ing design  and  higher  stacks  are  being  used.  Still  there 
has  never  been  anything  like  the  thought  on  this  sub- 
ject that  there  should  be  and  the  standardization  of  the 
practice  that  is  necessary.  There  is  need  of  an  analysis 
of  installations  and  the  information  should  be  trans- 
lated into  good  data  that  can  be  distributed  with  con- 
fidence. 

When  a  stoker  is  installed  in  combination  with  a 
boiler,  there  are  many  things  that  must  be  considered 
and  decided  jointly  by  the  purchaser,  the  boiler  and 
stoker  manufacturer-  and  the  smoke  inspector. 

Height  of  the  boiler  header  aboTe  the  floor  line  or 
height  of  boiler  setting,  setting  of  the  stoker,  combus- 
tion space  necessary  for  the  coal  to  be  used,  design  and 
location  of  the  breeching,  size  and  location  of  the  stack, 
area  of  gas  passages  through  the  boiler,  area  of  damper 
openings,  facilities  for  cleaning  soot  off  of  boiler  baffles 
and  boiler  tubes. 

Other  things  that  should  bo  considered  as  affecting 
the  reliability  of  the  equipment  are : 

Grade  of  firebrick  to  be  used  in  the  furnace  construc- 
tion, size  of  walls  of  boiler  and  furnace  setting,  siz«  and 
grade  of  firebrick  for  arches,  if  used;  method  used  to 
control  dampers,  construction  of  ashpit  and  facilities  for 
disposing  of  the  ash,  method  of  conve.ying  coal  to  the 
stoker  hoppers. 

Referring  to  the  foregoing  items,  if  the  purchaser 
failed  to  install  the  height  of  stack  that  was  necessary, 
he  would  be  the  one  that  was  responsible  for  the  installa- 
tion's failure.  If  the  stoker  manufacturer  did  not  insist 
\ipon  correct  setting  of  the  stoker,  he  would  be  respon- 
sible. If  the  boiler  manufacturer  failed  to  provide  the 
correct  areas  for  the  passage  of  the  furnace  gases  and 
arrange  to  set  the  boiler  at  a  height  required  for  the 
particular  stoker  selected,  he  would  be  responsible. 

One  frequently  hears  that  boilers  cannot  be  set  higher 
because  the  contract  for  the  masonry  work  has  been  in- 

*Read  before  the  International  Association  for  Prevention 
of  Smoke  at  its  8th  annual  convention,  Pittsburgh,  Penn., 
Sept.   9-12,    1313. 


eluded  with  the  boilers;  or,  that  the  contract  has  already 
been  let  and  the  jjurehaser  will  not  pay  the  extra  cost 
of  properly  setting  the  boilers  with  the  stoker  selected. 
Again,  we  frequently  hear  that  the  boilers  cannot  be  set 
right  because  the  architect  has  previously  provided  so 
much  room  for  the  boiler  and  stoker  and  they  must  go 
within  the  limit  provided  whether  a  good  or  bad  com- 
bination is  obtained. 

There  is  another  phase  of  this  problem  that  saems  at 
the  present  to  interfere  with  obtaining  good  installa- 
tions, that  is,  the  cost  of  the  installation.  Of  course, 
boilers  being  raised,  stokers  extended,  higher  stacks,  etc., 
cost  more  money.  The  boiler  and  stoker  manufacturers 
and  the  smoke  inspectors  should,  liowever,  take  a  suffi- 
ciently firm  stand  for  the  combinations  that  are  known 
to  be  right  and  be  sure  that  enough  money  is  expended 
to  make  them  right. 

What  is  needed  is  an  organization  that  has  for  its 
object  the  diffusion  of  information  and  data  on  instal- 
lations made  to  burn  bituminous  coal  without  smoke. 
Committees  should  be  appointed  to  investigate  and  an- 
alyze installations  of  all  kinds  in  all  territories.  For  ex- 
ample— a  committee  consisting  of  members  who  live  in 
the  vicinity  of  Cleveland  could  take  four  or  five  different 
kinds  of  combinations  in  that  locality  from  the  time 
that  they  are  installed  and  report  to  the  organization 
everything  that  entered  into  the  construction  and  design. 
Drawings  and  data  could  be  presented  that  would  de- 
termine what  the  particular  installation  would  do  in  the 
abatement  of  smoke.  The  time  has  not  come  when  a 
combination  can  be  standardized  in  the  West  and  be 
adapted  to  the  conditions  in  the  East,  or  vice  versa,  with 
success.  There  should  be,  however,  one  society  from 
which  all  the  data  would  emanate. 

After  the  boiler  and  stoker  have  been  selected,  it  is 
not  yet  time  to  finally  decide  whether  or  not  these  par- 
ticular types  shosld  be  purchased — it  is  not  the  time  to 
sign  the  contracts.  The  purchaser  should  arrange  a  con- 
ference between  the  manufacturer  of  the  boiler,  the  man- 
ufacturer of  the  stoker,  the  smoke  inspector,  if  there  is 
one,  and  himself.  The  whole  combination  and  the  things 
mentioned  in  the  forepart  of  this  paper  should  be  dis- 
cussed in  detail  and  a  decision  made  on  each  matter.  The 
purchaser  should  not  obtain  an  opinion  from  the  boiler 
manufacturer  as  to  how  the  boiler  should  be  set  unless  he 
gives  the  stoker  manufacturer  an  opportunity  to  present 
his  opinions.  If  all  points  are  settled  on  a  good  engi- 
neering basis,  the  best  combination  known  will  be  ob- 
tained and  the  customer  can  well  afford  te  expend  the 
money  necessary  for  it. 

[Editorial  reference  to  this  paper  is  made  on  page  .511 
of  this  issue. — Editor.] 


Power  Geiierntion  and  HydraulicUin^i:  are  accomplished 
with  the  same  water  at  the  Pioneer  tin  mine  in  Tasmania. 
The  powerhouse  is  situated  300  ft.  above  the  mine  and  g'en- 
erates  electric  current  by  the  means  of  impulse  turbines  op- 
erating under  a  head  of  189  lb.  per  sq.in.  Dunns'  the  six 
months  ended  Dec.  31,  1912,  the  mean  power  load  "was  482  IvW. 
The  power  is  transmitted  at  6500  volts  to  the  mine,  and.  the 
water  after  leaving  the  turbines  is  conveyed  4^4  m.  to  a  point 
240  ft.  above  the  mine,  where  it  is  available  for  use  in  the 
pipe  limes  to  tlie  hydraulicl^ing  g-iants. 
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The  Tirrell  Regulator 

By  John  A.  Randolph 

On  all  distribvition  systems,  whether  supplied  by  direct 
or  alternating  current,  it  is  of  vital  importance  that  the 
voltage  be  maintained  constant.  There  are  several  rea- 
sons for  this:  First,  it  has  been  found  that  the  life  of 
incandescent  lamps  is  materially  shortened  by  a  fluctuat- 
ing voltage,  especially  if  it  has  a  tendency  to  rise  higher 
than  normal;  this  renders  lamp  renewals  more  frequent. 
Moreover,  an  unsteady  or  variable  pressure  causes  a  vari- 
ation in  the  intensity  of  illumination  which  is  likely  to 


Fig.  1.    Connections  foe  Theee-Phase  Circuit 

result  in  dissatisfaction  upon  the  part  of  the  consumer. 
If  the  potential  assumes  values  below  normal  for  appreci- 
able intervals  of  time,  a  loss  in  revenue  to  the  station 
will  ensue,  owing  to  a  decrease  in  the  number  of  watt- 
hours  supplied.  Another  disadvantage  arises  from  the 
variation  in  speed  and  torque  of  motors  suppplied  by  the 
system.  This  condition  temporarily  affects  their  effi- 
ciency and  produces  unsatisfactory  results  in  the  opera- 
tion of  the  appliances  to  which  they  are  attached.  In 
view  of  the  foregoing  disadvantages  and  many  others, 
careful  attention  is  given  to  the  maintenance  of  a  con- 
stant voltage  on  all  uptodate  light  and  power  systems. 

Various  methods  are  employed  for  regulating  potential. 
One  of  these  consists  in  the  adjustment  of  the  pressure 
on  the  indivdual  feeders.  In  another  method,  the  regula- 
tion is  effected  at  the  generator.  The  latter  practice  is 
in  most  general  use. 

There  are  several  means  used  in  regulating  generator 
voltage.  The  nature  of  these  depends  primarily  upon 
whether  the  machine  is  of  the  alternating-  or  direct- 
current  type. 

The  potential  of  alternating-current  generators  is 
r"gulated  in  various  ways,  the  choice  depending  large- 
ly upon  the  capacity  of  the  generator,  the  number  ot 
other  machines  in  the  station,  the  facilities  for  excitation 


and  the  method  of  drive,  that  is,  whether  by  belt  or  di- 
rect connection.  The  methods  most  commonly  used  in 
this  country  consist  of  separate  excitation,  composite  ex- 
citation and  by  an  automatic  regulator.  In  the  first 
method,  the  voltage  is  maintained  constant  by  varying 
the  alternator  field  current  with  rheostats  placed  in  both 
the  exciter  and  main  field  circuits.  The  rheostats  are 
also  used  in  the  composite  method  buc,  in  addition,  a 
part  of  the  current  from  the  alternato-:  armature  is  recti- 
fied and  sent  through  a  compounding  coil  on  the  gen- 
erator field.  This  produces  a  compensating  effect  which 
varies  in  conformity  with  the  loads  on  the  machine.  The 
third  method  employs  an  automatic  regulator,  the  lead- 
ing form  of  which  will  be  described  presently. 

On  direct-cvirrent  machines,  the  regulation  is  effected 
by  rheostat  control,  compounding,  and  by  devices  that 
regulate  the  field  current  in  the  generator  or  exciter  au- 
tomatically. 

Where  the  control  is  by  hand,  there  is  a  disadvantage 
in  that  time  is  required  of  the  attendant  which  could 
otherwise  be  devoted  to  other  duties.  Moreover,  the 
steadiness  of  the  voltage  is  to  a  certain  extent  dependent 
upon  the  personal  watchfulness  of  the  operator.  There- 
fore, to  eliminate  the  personal  element  and  to  produce  a 
steadier  voltage,  the  automatic  regulator  was  devised. 

Use  on  Alternating-Current  Systems 

There  are  several  automatic  devices  in  use  for  alternat- 
ing-current potential  regulation,  but  the  one  which  has 
given  the  most  general  satisfaction  is  the  Tirrell  regu- 
lator. This  device  accomplishes  its  result  by  short-cir- 
cuiting the  field  rheostat  of  the  exciter  when  the  voltage 
of  the  alternator  is  too  low  and  opening  the  short-cir- 
cuit again  when  the  potential  has  risen  sufficiently.  So 
rapidly  is  this  done  that  no  appreciable  fluctuations  in 
the  pressure  are  noticeable. 

The  device,  as  fundamentally  constructed  for  alternat- 
ing-current work,  consists  of  two  solenoid  magnets  and  a 
relay  as  shown  in  Fig.  1.  One  of  the  magnets  is  operated 
purely  by  direct  current  and  is  connected  through  an  ex- 
ternal resistance  -'irsctly  across  the  exciter  busbars.  The 
core  is  free  to  move  and  actuates  a  lever  carrying  at  one 
end  a  contact.  The  other  solenoid  is  excited  by  alternat- 
ing current  and  contains  two  windings,  one  of  which  is 
connected  across  two  of  the  generator  mains  by  means  of 
a  potential  transformer.  The  other  winding  compensates 
for  variable  currents  and  is  connected  to  a  current  trans- 
former carried  on  one  leg  of  the  circuit.  This  solenoid, 
like  the  other,  actuates  a  lever  with  a  contact. 

The  relay  censists  of  a  tT-shaped  stationary  iron  core 
carrying  two  opposing  windings  A  and  B,  and  a  movable 
armature  actuating  two  contacts;  the  windings  receive 
direct  current  from  the  exciter  busbars.  The  current  in 
coil  A  is  continuous,  but  that  in  coil  B,  controlled  by  the 
main  contacts,  is  intermittent.  The  relay  contacts  are 
so  connected  across  the  exciter  rheostat  that  the  latter  is 
completely  short-circuited  when  the  contacts  are  closed. 
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lie  coudenser  is  for  redueiiifr  tlie  arciug  at  the  relay 
intacts. 

Operatiox 

When  placing  the  regulator  in  operation,  the  siugle- 
)le  switch  in  the  rheostat  short-circuiting  lead  is  opened, 
he  rheostat  resistance  is  then  turned  into  the  exciter 
!ld  circuit  until  the  voltage  of  the  alternator  is  reduced 
)out  65  per  cent,  below  normal.  The  lowered  potential 
the  exciter  weakens  the  magnetic  effort  exerted  by  the 
rect-current  solenoid  upon  its  plunger,  with  the  result 
lat  it  is  overcome  by  the  springs  at  the  opposite  end  of 
e  lever;  the  upper  main  contact  is  consequently  pulled 
iwnward.  The  attractive  power  of  the  alternating-cnr- 
nt  solenoid  is  likewise  decreased,  and  its  core  falls  and 
lows  the  lower  main  contact  to  rise  until  it  meets  the 
)per  contact. 

The  closing  of  the  main  contacts  energizes  the  relay 
lil  B  w'hose  field  in  turn  neutralizes  that  of  coil  A,  thus 
;maguetizing  the  relay  and  allowing  the  spring  to  draw 
e  armature  upward  and  close  the  relay  contacts.  The 
iigle-pole  switch  is  now  closed.  This  at  once  raises  the 
iltage  of  the  exciter  inasmuch  as  the  rheostat  is  short- 
rcuited,  all  regulating  resistance  being  thereby  removed 
om  the  field  circuit.  The  increased  pressure  of  the  ex- 
ter  acts  directly  upon  the  genei-ator  field,  raising  the 
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ON    ALTERXATIXG-CfRREXT    SWITCHBOARD 

ternating-curreiit  ])Oteutial  in  couseciueuce.  When  tiic 
iltage  has  reached  the  proper  value,  the  two  control 
agnets  are  sutficiently  energized  to  overcome  the  resist- 
ices  acting  against  them  and  accordingly  open  the  main 
ntacts.  This  causes  the  circuit  through  relay  coil  B  to 
len.  Coil  .4  being  now  no  longer  opposed,  energizes  the 
lay  core  and  attracts  the  armature  downward,  opening 
e  relay  contacts  and  temporarily  removing  the  short- 
rcuit  from  the  exciter  field  rheostat.  The  latter  being 
>w  cut  into  service,  lowers  the  voltage  until  the  two 


control  magnets  again  close  the  main  contacts  and  tliere- 
by  raise  the  pressure.  In  practice,  this  cycle  of  opera- 
tions takes  place  so  rapidly  that  it  is  best  described  as  a 
high  rate  of  vibration  upon  the  part  of  the  contact  ele- 
ments. The  resulting  voltage  is  not  necessarily  constant, 
but  is  steady. 

In  Fig.  2  are  shown  the  connections  and  relative  loca- 
tions of  the  component  parts  of  the  Tirrell  regulator  used 
in  alternating-current  work,  as  they  exist  in  practice.  It 
will  be  observed  that  the  hand-operated  switches  are  lo- 
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cated  in  a  convenient  position  at  the  bottom  of  the  in- 
strument. The  connections  here  shown  represent  the 
method  used  where  the  instrument  is  employed  for  regu- 
lating the  voltage  on  two  or  more  gent-ators  operating 
in  parallel,  the  exciters  being  also  in  parallel.  By  trac- 
ing the  respective  circuits  it  will  be  observed  that  the 
same  general  scheme  of  connections  is  used  as  is  shown 
in  the  simplified  diagram  of  Fig.  1.  The  double-pole, 
double-throw  switches  shown  in  Fig.  2  are  for  reversing 
the  direct  current  in  the  circuits  which  they  control.  This 
is  to  furnish  more  flexibility  in  the  handling  of  the  in- 
strument for  testing  and  other  conditions  where  a  reversal 
of  current  may  be  required.  The  resistances  shown  at 
the  top  of  the  figure  are  contained  in  a  well  ventilated 
rectangular  case  located  on  the  back  of  the  switchboard 
panel  and  directly  behind  the  regulator  proper.  The 
leads  from  the  resistances  to  the  regulator  are  connected 
to  the  latter  through  terminals  at  the  top  of  the  instru- 
ment, as  shown.  The  other  external  connections  are  made 
through  terminals  at  both  the  top  and  bottom  of  the  in- 
strument. The  multiple-point  switch  shown  at  the  bot- 
tom is  for  adjusting  the  number  of  active  ampere-turns 
in  the  compensating  or  current-transformer  winding  of 
the  alternating-current  control  magnet. 

The  automatic  portions  of  the  regulator  are  inclosed 
in  a  rectangular  glass  case,  Init  the  switches  and  terminals 
are  left  exposed  for  eonvenicuce  in  operation. 

Use  ox  Direct-Cuerext  Systkm 

The  Tirrell  regulator  used  for  direct-current  voltage 
regulation  is  similar  in  construction  and  operation  to  the 
form  used  with  alternating  currents.  The  fundamental 
diagram  of  connections  is  shown  in  Fig.  3.  The  main 
elements  consist  of  a  control  magnet  and  a  relay,  the, 
former  having  two  opposing  coils  C  and  Z).  The  winding 
C  is  connected  through  an  external  resistance  across  the 
main  busbars,  and  the  winding  T)  is  connected  to  an  ad 
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justable  shunt  carried  either  on  one  of  the  main  busbars 
or  on  a  feeder.  The  core  of  the  magnet  is  movable  and 
actuates  a  lever  controlling  two  contacts.  The  relay  has 
a  U-shaped  core  with  a  winding  connected  through  a  re- 
sistance across  the  main  busbars.  By  means  of  an  iron- 
liar  armature,  it  controls  two  make-and-break  contacts  in 
ft  circuit  which,  when  closed,  short-circuits  the  generator 
field  rheostat.  The  arcing  at  the  relay  contacts  is  re- 
duced by  a  condenser. 

Operation  of  Dieect-Cdkrent  Regulatoh 

The  method  of  starting  the  direct-current  regulator  is 
very  similar  to  that  employed  with  the  alternating-cur- 
rent instrument.  The  single-pole  switch  in  the  field 
rheostat  short-circuiting  lead  is  first  opened,  the  resist- 
ance of  the  rheostat  then  being  turned  in  until  the  volt- 
age is  brought  to  a  value  about  65  per  cent,  below  normal. 
This  weakens  the  excitation  of  the  main  control  magnet 
to  such  a  degree  that  the  magnetic  attraction  on  the 
plunger  is  overcome  by  the  spring  on  the  contact  lever. 
The  lever  is  consequently  pulled  upward,  thereby  forcing 
the  main  contacts  together  and  shunting  the  relay  wind- 
ing. This  causes  the  relay  to  lose  its  attractive  force, 
with  the  result  that  its  armature  is  pulled  upward  by  its 
spring,  the  relay  contacts  being  consequently  closed.  The 
single-pole  switch  is  now  closed.  The  rheostat  now  being 
completely  short-circuited,  the  voltage  at  once  rises  be- 
cause of  the  increased  field  excitation.  With  the  rising 
potential  an  increasing  current  is  caused  to  flow  through 
the  control-magnet  winding  C.  When  the  pressure  has 
reached  the  proper  value,  the  main  contact  lever  is  drawn 
downward,  opening  the  main  control  circuit.  The  relay 
is  now  energized,  attracts  its  armature  and  thereby  opens 
its  contacts.  The  latter  action  places  the  field  rheostat 
again  in  circuit,  with  the  result  that  the  voltage  is  low- 
ered until  the  magnet  and  relay  again  cause  it  to  rise. 
The  opening  and  closing  action  of  the  contacts  is  vibra- 
tory and  therefore  maintains  a  steady  voltage  on  the 
system. 

The  winding  D  on  the  main  control  magnet  is  for  the 
purpose  of  delaying  the  action  of  winding  C  to  an  ex- 
tent depending  upon  the  current  supplied  by  the  gen- 
erator. Heavy  currents  necessarily  require  a  higher  volt- 
age at  the  busbars  than  those  of  lower  value  because  of 
line  drop.  The  voltage  drop  across  the  shunt  in  the 
main  circuit  varies  with  the  strength  of  current,  the  re- 
sult being  that  the  action  of  winding  D  in  opposing  wind- 
ing C  is  varied  accordingly.  The  greater  the  excitation 
of  winding  D  the  longer  will  be  the  delay  in  the  opening 
of  the  main  contacts. 

High-Tension  Distribution  by  One- 
Wire   Grounded   System* 

Single-wire  transmission  of  electric  current  is  one  of 
the  earliest  forms  of  transmission  and  holds  possibilities 
for  securing  rural  business,  due  to  its  low  cost.  The 
Benton  Harbor  Co.,  studying  along  these  lines,  found 
that  the  only  solution  would  be  a  grounded  return  pri- 
mary distribution,  giving  single-phase  current  on  a  sin- 
gle wire  and  three-phase  current  on  two  wires.  But  as 
this  would  give  a  dead  ground  with  the  entire  generat- 

*Prom  a  paper  by  John  A.  Cavanauerh,  delivered  at  a  re- 
cent meeting  of  the  Michigan  Section,  National  Electric  Light 
Association. 


ing  and  transmission  system,  it  became  necessary  to  de- 
vise some  means  that  would  give  immunity  from  grounds 
on  the  one  hand  and  allow  a  permanent  ground  on  the 
other.  This  can  be  accomplished  very  nicely  by  a  1 :  1 
transformer,  or  if  the  rural  lines  are  to  be  very  long,  a 
1 : 3  transformation  can  be  employed,  giving  a  4600- 
<olt  single-wire  from  a  2300-volt  two-wire  line. 

About  a  year  ago  the  company  made  arrangements  to 
build  such  a  line.  Two  commercial  transformers  with 
secondaries  connected  together,  provided  the  necessary 
insulation  between  the  rural  and  city  lines.  The  single- 
wire  line  was  built  under  adverse  conditions,  and  is  ap- 
proximately 2.5  miles  long.  Triple-braided  weather- 
proof wire  has  been  used  throughout  the  system  both  for 
primary  and  secondaries.  The  latter  are  not  grounded 
in  this  system;  in  fact,  all  efforts  possible  were  made 
to  prevent  the  grounding.  Lightning  arresters  are  placed 
on  the  line  at  every  transformer.  Fuses  are  placed  be- 
tween the  transformers  and  the  ground  and  between  the 
primary  wire  and  ground.  The  grounded  wire  of  the 
primary  side  is  a  No.  -4  rubber-covered  wire,  which  is 
nailed  to  the  pole  and  covered  with  special  wood  mold 
in  going  to  the  ground  and  connecting  with  a  24-in.  cop- 
per ground  cone  buried  in  moist  earth  with  one  sack  of 
charcoal  around  the  cone. 

So  far,  the  company  is  thoroughly  satisfied  and  be- 
lieves that  on  a  properly  constructed  line  on  private 
right-of-way,  thus  getting  away  from  heavy  trees,  a  line 
can  be  built  much  cheaper  than  on  the  standard  two-wire 
construction  with  less  danger  from  high  winds,  sleet 
and  other  line  troubles.  A  line  of  this  character  can  lie 
built  for  approximately  $828  per  mile  as  compared  with 
$380  per  mile  where  two  wires  are  used. 

Stator  Not  Properly  Aligned 

While  employed  several  years  ago  as  engineer  in  a 
steam-electric  plant,  one  of  our  1000-kw.  engine-gen- 
erators was  so  damaged  by  lightning  coming  in  on  the 
feeders  as  to  make  necessary  the  renewal  of  stator  coils 
and  shifting  the  stator  to  one  side  for  access  to  the  coils. 

After  repairs  had  been  made,  the  stator  was  jacked 
back  into  position  and  bolted  down ;  the  engine  was 
started,  and  the  field  current  thrown  on.  Immediately 
a  loud  rasping  or  scraping  noise  was  hoard  and  the  field 
current  had  to  be  taken  off  quickly,  when  the  noise 
ceased. 

Upon  examination,  it  was  found  that  the  stator  had 
been  pulled  over  by  the  field  current,  causing  the  scrap- 
ing noise.  The  erector  had  neglected  to  dowel  the  stator 
to  its  sole  plate  and  since  we  could  not  seem  to  hold  it 
in  place,  on  account  of  the  holding-down  bolts  not  fitting, 
we  left  the  jack  and  blocks  in  place,  holding  it  by  bracing  . 
from  the  engine-room  wall.  This  answered  for  temporary 
use,  until  we  could  get  the  dowels  in. 

B.  W.  Dennis. 

Columbus,  Ohio. 


Canadian  Electric  TransmlMsion — Power  will  be  delivered 
to  the  city  of  Windsor  in  the  early  spring  it  the  present 
plans  of  the  Hydro-electric  Power  Commission  materialize, 
according  to  the  Toronto  "Globe."  The  right-of-way  for  the 
line  from  Chatham  to  St.  Thomas  has  been  selected.  The  line 
will  run  from  Chatham  to  Ridgetown,  and  from  there  along 
the  south  side  of  the  Pere  Marquette  Railway  to  St.  Thomas. 
The  St.  Thomas  to  Windsor  line  will  stretch  over  a  distance 
of   112    miles. 
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The  Oil-Motor  Industry  in  Italy* 

Tlie  employment  of  large  interiial-eomhustion  en- 
ines  in  Italy,  which  is  now  flourishing,  hitherto  du- 
iended  for  the  most  part  upon  imported  machines.  The 
iianufacture  of  small  high-speed  benzine  and  petroleum 
aotors  has  been  successfully  carried  on  by  domestic  shops 
or  some  years  but  as  regards  the  building  of  heavy  oil 
ngines,  Italy  has  just  passed  the  experimental  stage. 

The  first  stationary  Diesel  engines  of  high  power  and 
talian  make  were  built  by  Franco  Tosi,  of  "Leghorn, 
t-ho  has  recently  been  at  work  on  marine  engines  of  hi.s 
iwn  design.  For  five  tank  vessels  under  construction  by 
he  Esercizio  Bacini  Co.'s  shipyard  at  Genoa,  for  the 
ioyal  Navy,  three  complete  plants  are  being  furjiished 
)y  Tosi,  and  two  by  Fiat.  This  latter  company,  which 
ormerly  had  built  only  large  benzine  motors  for  marine 
)urposes  has  also  been  developing  its  own  marine  Diesel 
engines  for  submarines,  an  850-hp.  engine  now  being 
mder  construction  for  the  German  Imperial  Navy. 

The  Italitm  Navy  for  years  has  been  occupied  with  this 
juestion  and  has  carried  out  a  number  of  comparative 
;ests,  to  determine  a  satisfactory  type  of  engine  for  its 
;ubmarines.  Aside  from  submarines,  the  first  experiment 
)f  the  Navy  with  motor  drive  for  war  vessels  was  carried 
)ut  this  year  upon  two  school  ships,  each  equipped  with  a 
LOOO-hp.  Diesel  engine,  intended  for  the  Naval  Academy. 

Nothing  can  yet  be  said  as  to  the  use  of  oil  engines  in 
the  Italian  merchant  marine;  aside  from  a  few  isolated 
experiments,  attended  with  little  success,  the  ship  own- 
ers have  not  seriously  taken  up  this  matter.  A  few  years 
ago,   the   Cantieri  Riuniti  built   a  motor  freight  vessel 

"^anslated  and  abstracted  from  an  article  in  "Der  Oel- 
motor,"   July,   1913, 


with  Sulzer  engines,  and  the  Savoia  Works  an  experi- 
mental vessel  the  "Savoia"  with  a  300-hp.  oil  engine,  but 
the  experience  obtained  has  given  little  stimulus  in  the 
merchant  marine. 

The   greatest  opposing   influence   in  the   development 
of  the  oil  motor  has  been  the  high  import  duty  on  oil, 


Fig.  1 .   Sectiont  through  Cylinder  of  Tosi  Four- 
Stroke-C'ycle  Engine 

which  in  spite  of  the  economic  superiority  of  internal- 
combustion  engines,  has  not  allowed  manufacturers  and 
ship  owners  to  realize  their  economic  advantage. 

Primarily,  the  interested  i^arties  are  endeavoring  to 
reduce  the  limit  of  specific  gravity  by  which  certain 
motor-fuel  oils,  such  as  the  so  called  Italian  "naftetine," 
now  enjoy  special  concessions.     The  density  limit  of  naf- 


FiG.  2.    Two-Stroke-Ctcle  Tosi  Marine  Engine  of  500  Hp. 
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tetnie  is,  by  the  law  of  1907,  fixed  at  0.9-25.  and  most  of 
the  motors  built  in  Italy  have  proven  imsuited  for  this. 

Shops  of  Feanco  Tosi  of  Leghoen 
The  firm  Franco  Tosi,  of  Leghorn,  is  not  only  the 
largest,  but  the  best  organized  machine-building  works 
in  Italy.  It  was  founded  in  1880  by  Franco  Tosi  with 
100  workmen,  and  today,  under  the  leadership  of  his 
three  sons,  it  employs  some  2000  hands.  The  world- 
wide reputation  which  it  has  acquired  in  its  compara- 
tively short  career  is  attributable  primarily  to  the  spec- 
ialization of  its  manufacture,  which  comprises  steam  en- 
gines up  to  5000  hp.  (poppet-valve  engines),  steam  tur- 
bines up  to  20,000  hp.,  gas  engines  and  oil  engines  of 
the  Tosi-Diesel  type.  Following  are  the  principal  fea- 
tures of  the  Tosi  oil  motors: 

Four-Steoke-Oycle  Engines 

The  firm  builds  slow-speed  and  high-speed  engines; 
the  former  range  from  30  hp.  per  cylinder,  and  a  speed 
of  210  r.p.m.  up  to  200  hp.  per  cylinder  at  150  r.p.m. 
Units  of  this  construction  with  four  cylinders  are  made 
up  to  SOO  h]i.  The  high-speed  engines  are  Imilt  from  15 
hp.  per  cylinder  and  350  r.p.m.  up  to  75  hp.  and  300 
r.p.m. 


Fig.  3.  Water  Cooling     Fig.  4.   Valve  Details  op 
OF  Tosi  Engine  Two-Stroke-Cycle  Tosi 

Engine 

The  engines,  have  very  long  plunger  pistons,  which  for 
large  cylinders  are  built  in  two  parts.  The  piston  rods 
and  connecting-rods  are  of  forged  steel  and  have  very 
broad  bearings  lined  with  white  metal.  The  injection- 
valve  rods  are  automatically  lubricated,  and  large  cylin- 
ders are  provided,  with  water-cooled  exhaust  valves. 

In  the  slow-speed  type,  the  cylinders  are  cast  sepa- 
rately from  the  box-pattern  bed  proper.  The  box  bed  of 
tlie  high-speed  engines  consists  of  one  casting  on  which 
the  individual  cylinders  are  built  up.  The  compressor 
is  of  the  multi-stage  type  and  fills  three  receivers,  one 
furnishing  the  air  necessary  for  spraying  the  fuel,  a  sec- 
ond the  starting  air,  and  tlie  third  a  reserve  supply. 

Two-Steoke-Cycle  Engines 

The  two-stroke-cycle  engines  of  the  Tosi  design  are 
characterized  by  especially  solid  construction  of  the  bed 
and  base  plate,  by  careful  water  cooling  of  all  parts  that 
come  in  contact  with  the  hot  gases  and  by  the  special  de- 
sign of  the  valve  chamber  with  provision  for  expansion. 

The  upper  connecting-rod  journal  is  lubricated  l)y  a 
tube  instead  of  through  the  connecting-rod  itself,  thus 
avoiding  unnecessary  throwing  of  the  lubricating  oil. 


The  commonest  form  of  the  Tosi  two-stroke-cycle  mo- 
tors is  the  four-  and  six-cylinder  crosshead  type.  Of  these 
the  firm  has  already  built  five  of  1000  hp.,  running  at 
160  r.p.m.,  and  three  of  400  hp.,  the  former  for  station- 
ary plants,  the  latter  for  marine  service. 

By  simply  loosening  the  lower  crosshead  box  and  let- 
ting down  the  piston,  the  piston  rings  are  very  easily  re- 
moved. A  piston  can  also  be  taken  out  with  facility 
without  interfering  with  the  lubricating  system  or  re- 
moving the  cylinder  head. 

Fig.  2  shows  a  500-hp.  two-stroke-cycle  marine  engine 
which  runs  at  170  r.p.m.  As  seen  in  the  viev  at  the 
right,  the  scavenging  pumps  are  driven  by  links  from 
two  of  the  connecting-rods.  The  compressor  is  placed 
above  these  pumps. 

By  the  separate  arrangement  of  the  scavenging  pumps, 
these  always  handle  clean  and  comparatively  cool  air, 
which  contributes  essentially  to  the  useful  power  of  the 
motor.  Moreover,  the  independent  position  of  these 
pumps  permits  driving  them  at  a  lower  piston  speed 
than  that  of  the  working  pistons,  thus  lessening  the  air 
velocity  in  the  passages  and  reducing  harmful  vibrations. 
This  arrangement  of  the  scavenging  pumps  distinguishes 
the  Tosi  engines  from  another  Italian  type,  the  Fiat. 
The  latter  has  two-stage  working  pistons,  the  lower 
part  of  which  serves  as  an  air  pump. 

Fig.  4  shows  a  few  details  of  the  valves  and  Fig.  3  the 
water  cooling  of  a  Tosi  two-stroke-cycle  engine. 

The  Fiat  Works,  Turin 

The  first  internal-combustion  engines  of  the  Diesel 
principle  were  finished  by  the  Fiat  firm  in  March,  1911. 
These  were  for  driving  the  submarine  "Medusa"  and 
can  be  called  the  first  Italian  crude-oil  engines.  In  a 
twelve-hour  trial  they  developed  at  452  r.p.:  >.  335  hp., 
with  an  oil  consumption  of  0.54  lb.  per  metric  horsepower 
and  fulfilled  to  the  satisfaction  of  the  Naval  officials  the 
conditions  of  burning  the  so  called  Italian  "naftetine." 
This  crude  oil  of  Roumanian  production  has  at  59  deg. 
F.  a  specific  gravity  of  0.940  and  at  68  deg.  a  viscosity  of 
85.8  determined  by  the  Engler  method. 

The  Fiat  concern  is  now  building  two-stroke-cycle  en- 
gines of  both  low-speed  and  high-speed  types.  The  low- 
speed  engines  weigh  from  110  to  88  lb.  per  hp..  and  the 
high-speed  type  from  44  to  35  lb.  per  hp. 

For  the  past  two  ycai-s  the  Fiat  Co.  has  been  working 
exijerimentally  on  large  oil  engines  for  driving  warships, 
but  no  tangible  results  have  yet  been  reached. 

The  Fiat  motor  is  characterized  by  not  having  inde- 
pendent scavenging  jnimps.  The  pistons  are  stepped,  and 
while  the  upper  part,  of  smaller  diameter,  acts  as  a  work- 
ing piston,  the  lower  part,  of  larger  diameter,  acts  as  an 
air  pump.  This  arrangement  has  been  chosen  to  reduce 
the  length  of  the  motor  and  to  obtain  a  better  balance. 

The  upper  part  of  the  bed  serves  as  a  scavenging-air 
reservoir  and  contains  air  at  from  0.2  to  0.4  atmospheres, 
according  to  the  speed.  The  scavenging  air  is  led  through 
passages  cast  integrally  with  the  bed  and  cylinders  to  the 
air  valves.  In  the  top  of  each  cylinder  head  are  two  air 
valves  with  an  atomizer  and  with  the  admission  valve  to 
start  the  engine.  The  exhaust  ports  are  uncovered  by 
the  piston  just  before  the  lower  dead  center.  All  ex- 
haust passages  are  water  cooled.  The  compressor  which 
is  of  the  two-stage  type  is  placed  at  the  front  end  of  the 
motor  and  is  driven  by  an  extension  of  the  crankshaft 
and  produces  the  compressed  nir  for  spraying  the  fuel. 
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etarting  and  controlling  tlie  engine.  Besides  the  com-  most  important  lines  of  Diesel  engines  for  industrial  pur- 
pressor  there  is  a  water  pump  for  cooling  the  cylinder  poses.  Fig.  6  is  a  section  through  a  four-cylinder,  four- 
walls    and    exhaust    passages    and    also    the    lubricating  .stroke-cycle  engine  of  this  make. 

P™^^"         ,  .         ,,  ,1.^1-       ii     •  1  i     1       f  ^  KoiiTiNG  Works,  Sestrie  Ponente 

An  eccentric  on  the  camshaft  drives  the  inlet  vahes  tor  ,„    .  »     ,.  ,.         i,..  ^.     s 

,,,„,..,.  rn  -i  (Soeieta    Italiana    Korting) 

the  scavenging  air  and  the  fuel  ignition,      lo  reverse,  it 

suffices  to  turn  the  camshaft  back  through  an  angle  twice  The  German  firm  Korting's  branch  establishment  ni 


Fig. 


Details  of  Fiat  Valve  Gear 


I 
I 


that  corresponding  to  the  injection  period.     Fig.  5  shows 
the  Fiat  valve  gear. 

SociETA  Italiaxa  Langex  &  Wolf,  Milan 

The  firm  Laugeu  &  Wolf,  of  Milan,  originally  a  branch 
establishment  of  the  Deutz  gas-engine  factory,  has 
lately  developed,  in  addition  to  gas  engines,  one  of  the 


Sestrie  Ponente  has  built  a  four-stroke-cycle  constant- 
pressure  internal-combustion  motor  which  soon  found  a 
great  demand  in  Italy.  It  is  made  exclusively  as  a  hori- 
zontal stationary  engine  and  works  on  the  Diesel  prin- 
ciple. The  firm  also  builds  gas,  petroleum  and  benzine 
motors  for  agricultural  purposes,  motors  for  airships  and 
for  small  boats. 


Fig.    6.    Laxgen   &  Wolf   Statioxary   ForR-STROKE-CYCi.E  Exgixe 
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HEATING     AND     VENTILATION 
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Shunt  System  of  Connecting  Radiators 

By  Ti!a  X.  EvAxs 

Several  articles  have  appeared  cxplniniiio;  the  action  of 
tlie  sliuiit  system  of  eoniicctiiiii-  radiation  on  hot-water 
heating  apparatus.  The  articles  referred  to  are  Ijy  L.  L. 
Brewster,  Feb.  4,  1913;  W.  L.  Durand,  Apr.  1,  1913,  and 
H.  A.  Kieselbach,  Aug.  13,  1913.  The  first  article  is  er- 
roneous in  many  respects  and  tlie  last  is  by  far  the  best 
exjilanation,  but  none  give  any  concrete  figures  as  to  ex- 
actly what  occurs  in  any  given  case.  This  is  an  excellent 
method  of  connecting  risers  and  radiators  in  gravity 
house-heating  work,  as  it  gives  a  single  main  pipe,  and 
the  possibility  of  bypassing  is  avoided.  It  is,  however, 
impossible  to  connect  radiators  situated  below  the  level 
of  the  main  in  this  manner  unless  forced  circulation  is 
used.  A  proper  relation  of  the  expected  velocities  should 
he  known  even  then  if  the  apparatus  is  to  circuhite  prop- 
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erly  at  all  times.  If  the  pumpage  is  varied  to  regulate 
the  temperatures  it  is  apt  to  interfere  with  the  circula- 
tion on  connections  of  this  character. 

In  gravity  work  as  long  as  the  main  is  hot,  the  radiators 
will  take  care  of  themselves,  and  if  radiator  connections 
are  made  I14  in.  for  the  first  floor  and  possibly  1  in.  for 
upper  floors,  they  will  be  large  enough.  All  that  is  neces- 
sary, for  a  proper  size  main,  is  not  to  give  too  great  a 
drop  for  the  total  radiation.  Mr.  Brewster's  thermo- 
siphon  action  is  a  new  term  for  what  happens  on  every 
hot-water  job  whether  one  or  two  risers  are  employed.  As 
Mr.  Durand  states  the  action  is  caused  in  both  cases  by 
the  difference  in  head  between  the  two  connections  on  the 
main.  It  is  the  purpose  of  .this  article  to  show  how  that 
dift'erence  in  head  may  be  calculated  for  any  given  case, 
as.  for  instance,  the  accompanying  illustration,  which 
f:hows  radiator  connections  for  an  actual  installation  in  a 
large  institution  in  New  York. 

Mr.  Brewster  states,  "It  has  been  assumed  and  stated 
liy  some  that  the  flow  of  water  through  the  radiator  is 
one  of  less  resistance  than  that  through  the  main  but 
this  is  not  the  ease."  This  statement  is  incorrect  inas- 
much as  the  resistance  between  A  and  B,  Fig.  1,  will  be 
exactly  the  same  for  both  main  and  shunt,  the  velocities 
i-hanging  to  enforce  the  law,  regardless  of  all  other  condi- 
tions. 


Mr.  Durand  questions  the  practice  of  using  10  ft.  per 
sec.  in  small  mains.  This  may  or  may  not  be  good  prac- 
tice as  it  is  maiidy  a  commercial  que.stion  affecting  the 
(■o.st  of  installation.  It  is  true  that  high  velocities,  where 
the  head  is  great  per  unit  of  length,  are  not  safe,  due  to 
possible  inaccuracy  of  formulas  at  that  point  in  the  .scale 
and  that  construction  may  not  coincide  with  the  plans. 

Assuming  a  4-in.  mam  1000  ft.  long  and  a  velocity  of 
8  ft.  per  sec,  Ihe  head  would  be  69.1  ft.  for  the  straight 
pipe.  In  another  circuit  on  the  same  plant,  300  ft.  long, 
the  drop  per  100  ft.  would  have  to  be  23  ft.,  and  would 
mean  a  velocity  of  10  ft.  per  sec.  or  over  for  all  mams 
3  in.  and  over  with  lengths  300  ft.  or  less. 

If  4  ft.  per  sec.  were  the  limit  for  small  sizes,  the  long 
mains  with  large  capacity  would  be  unnecessarily  ex- 
pensive. This  is  almost  wholly  a  matter  of  experience, 
judgment  and  initial  cost.  The  drop  in  head  should  be 
kuovv-n  on  all  circuits  and  equal  to  the  total  head  pro- 
vided for  circulation. 

In  the  diagram,  6  ft.  per  sec.  will  be  assumed  for  the 
31^-in.  pipe  outside  the  shunt.     Let 

Q  —  Cubic  feet  of  water  flowing  through  3i/4-in.  pipe 
per  sec. ; 

V  =  Velocity  in  SYo-m.  pipe  within  A  and  Bj 

V  =  Velocity  in  the  shunt ; 
A'  =  Area  of  S^-i".  pipe; 

.1  =  Area  of  shunt. 
Then 

Q  =  ,4'  T-'  +  AV 
The  friction  formula  of  Williams  and  Hazen  developed 
in  the  July  9,  1913,  issue  of  Poweb,  reads  as  follows: 

T^l   85 

h  =  0.00037  X  I  X  -jrj,e 

Tlie  letters  referi'ing  to  the  main  will  be  designated  bv 
the  jirime  mark  and  those  referring  to  the  shunt  will  be 
l)lain.    Then 

V 


Head  =  I'  X 


■I.S6  7^1,85 

=    7  V  - 

1.166  "    ^    ^^1.166 


By  solving  the  two  expressions  for  the  veloc-ities  it  can  be 
told  whether  the  system  will  work  or  not.  If  the  velocities 
are  know]i  and  one  diameter,  the  other  diameter  can  be 
determined  from  the  same  equation. 

The  surface  in  the  coil  or  radiator  runouts,  all  of  whioh 
are  assumed  to  be  l-^i  ft.  long,  will  be  for  the  lV4-in.  pipe 

90  X  .,-,^  =  39  ,sr/./y. 

and  fur  the  ll/2-'ii.  pipe 

30  X  3  X  1/2  =  4.5  .<,j.ff. 
It  requires  3.3  linear  feet  of  ly^-in.  pipe  and  3  ft.  of  3- 
in.  pipe  to  make  1  sq.ft.  of  surface.  With  radiators  the 
total  radiating  surface  will  be  234  sci.ft.  Assuming  a 
maximum  average  water  temperature  of  300  deg..  a  r(jom 
temperature  of  65  deg.,  or  135  deg.  difference,  with  1.8 
B.t.u.  per  hr.  as  the  transmission  factor,  the  total  B.t.u. 
required  per  hour  will  be 

334  X  1.8  X  135  =  56.862 
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The  len^h  of  the  three  li/2-'n-  pipes  in  the  coil  in 
terms  of  li/4-in.  pipe  is  proportional  to  the  areas,  that  is, 
the  greater  the  area  the  shorter  the  length  to  be  equiva- 
lent as  far  as  friction  is  concerned. 

1.5     sq.in.  =  0.0104  sq.ft. ; 

diameter     =  0.115  ft. 

2.04  sq.in.  =  0.0141  sq.ft.; 

diameter     =  0.134  ft. 

9.9     sq.in.  =  0.0687  sq.ft.; 

diameter     =  0.a97  ft. 
The  area  of  three  li/2-ii.  pipes  would  then  be 


Area  114-in.  pipe 
Area  lV2-i"-  pipc 
Area  3^-in.  pipe 


3  X  a.04 

1.5 


=  4.  OS 


times  tke  area  of  a  114-in.  pipe.  The  equivalent  length 
of  coil  in  terms  of  ll^-in.  pipe,  or  the  length  of  the  shunt 
figured  as  li/4-in.  pipe  will  be 

(jl^  X  30)  +  30  =  37.353  ./7. 

_  37.353       F^  _  r^" 
'^  ~      30      -^  <?'■•*«       d"'^" 
Substituting  the  numerical  values  for  the  diameters  and 
solving  for  V  in  terms  of  T''  by  logarithms,  gives 


wt 


1.3451 


r   _  {(lofj  0.115  —  lofi  0.297)  X  l.lliO) 
~f>  lT85 

V        (1.0606978 
W  ~ 
Y       —0.48091033  —  0.0952042 


log  1.2451 


1.4727564)  1.166  —  0.0952042 
1785 


V  ~  1.85 

f;         1 

V       0.4882 


=  1.688587  =  %  0.4882 
=  2.0483  or  V  =  2.0483  X  V 


Whatever  the  velocities  outside  the  shunt,  the  relation 
of  the  velocities  of  shunt  and  main  between  A  and  B  will 
lie  as  above.  This  is  based  entirely  upon  the  fact  that 
the  drop  between  A  and  B  is  the  same  for  the  main  and 
the  shunt  and  directly  contradicts  Mr.  Brewster's  asser- 
tion. 

The  drop  in  head  between  the  points  A  and  B  will  be 
less  per  unit  of  length  than  outside,  due  to  the  greater 
area.  As  the  31/2-in.  pipe  has  an  area  of  9.9  in.  and  the 
11/4 -in.  pipe  1.5  sq.in.,  the  velocity  through  the  combined 
pipes  would  be 

9.9  -^  11.4  =  87  i)cr  cent. 
and  the  total  friction  between  A  and  B  would  be  (0.87)' 
or  about  76  per  cent,  per  unit  of  length  of  the  friction 
outside  the  shunt.     The  total  quantity  of  water  flowing 
with  a  velocity  of  6  ft.  per  sec.  outside  the  shunt  will  be 

6  X  0.0687  =  0.4122  cu.ft.  per  sec. 
for  the  31/2-in.  pipe.  The  velocity  in  the  31/2-in.  pipe  will 
l)e  2.048  times  that  in  the  shunt  and  the  velocity  in  the 
shunt  will  be  0.488  times  the  velocity  in  the  3i/^-in.  pipe 
between  A  and  B.  The  velocity  in  "the  114-iu.  pipe  will 
be 

0.4122  =  0.0687  X  2.0483  V  +  0.0104  V 
V  =  2.7277  ft.  per  .':ec. 

Taking  the  weight  of  the  water  at  the  temperature  as 
60  lb.  per  cu.ft. 

2.7277  X  0.0104  X  60  lb.  X  60  vdn.  X  60  sec.  = 
6127.5  lb.  per  hr. 


If  56,862  B.t.u.  per  hr.  are  required,  the  nui.ximum  drdp 

will  be 

56,862       „  ,_,„   , 

,'      ^  =  9.28  deq. 
6127.5  -^ 

The  friction  heads  due  to  these  velocities  will  now  be 
worked  out  to  see  if  they  are  equal  as  they  should  be. 
For  the  li/^-in.  shunt  the  friction  head  will  be 

h  =  0.00037  X  37.353  ^^-gy/:,„, 

/(  =  Log   0.00037   +   log.   37.353    +    flog   2.7277) 

i.85  —    (log  0.115)    1.166; 
/,  =  4.5689017  -f  1.57233.55  +  (0.4357066)  l.S.-,  ^ 

(1.0606978  X  1.166); 
/(,  =  4.5682017     +      1.5723255     +     0.90622.37     + 

1.0952264; 
h  =  0.0419773  =  1.1005  ft.  head. 
The  friction  head  for  the  3l/2-iii.  pip*^  "^^'ili  l*e 
(5.5872)'«« 


0.00037  X  30 


h 


(0.297) ''8" 
(log     5.5872)     1.85 


(lag 


Log     0.0111    + 
0.297)  1.166; 
/(,  =  2.0453230  -f  1.38230206  -f  0.61476604; 
h  =  0.0423911  =  1.1025  ft.  iiead. 
The  two  heads  prove  up  to  the  third  figure,  which  is 
as  close  as  the  data  in  the  j^roblem. 

If  the  Fanning  formula  were  used  and  the  veloi  ny 
squared  the  friction  factor,  which  changes  for  each  vel'"  - 
ity  and  size,  would  have  to  be  obtained  by  trial  and  error. 
Using  the  friction  factor  for  the  velocity  as  heretofore 
determined,  it  would  be  0.03  for  the  114-in.  pipe  and 
0.025  for  the  3i^-in.  pipe.     Fanning's  formula  is 

Substituting  and  placing  the  friction  heads  equal,  with 
/  =  30  ft.  for  31^-in.  pipe  and  37.353  ft.  for  its  equiva- 
lent in  114-in.  pipe,  gives 

37.353  X  0.03  F^       30  X  0.025  V'^ 


1,  = 


Here  2  g 


0.115  X  2  (/ 
ancels  and  leaves 
/,  =  9.7442T"  = 
Y  V 


0.297  X  2^ 


0.509; 


3.52525  F' 
1 


0.509 


1.964 


Substituting  as  before  to  get  the  true  velocity 

0.4122  =  0.0687  F'  -f  0.0104  X  0.509F' 
F'  =  5.57  ft.  per  sec. 
for  the  31/2-in.  pipe  as  compared  to  5.587  from  the  Hazen 
and  Williams'  formula. 

0.4122  =  0.0687  X  1.964F  +  0.0104  T' 
F  =  2.836  ft.  per  sec. 
for  the  114-in.  pipe  as  against  2.7277  ft.  per  sec.  from  the 
first  formula. 

In  the  one  case  logarithms  have  to  be  iised  and  in  the 
other  trial  and  error  to  get  the  friction  factor.  It  is  seen 
that  the  friction  formulas  agree  fairly  close,  but  thi 
Hazen  and  Williams'  formula  would  be  safer  as  it  gives 
a  lower  value  for  the  velocity  in  the  shunt. 

When  the  radiator  is  first  started  up,  if  below  the  main, 
the  cold  water  has  to  be  raised  to  the  main  and  the  pres- 
sure due  to  the  difference  in  weight  of  the  cold  and  hot 
columns  deducted.  Assume  that  the  temperature  of  the 
main  is  200  deg.  and  that  of  the  radiator  50  deg.,  as  this 
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condition  might  occur  in  cold  wcatlier  with  the  radiator 
shut  off  and  it  was  desirous  of  turning  it  on.  The  actual 
cooling  of  the  radiator  has  little  or  nothing  to  do  with 
the  circulation  or  the  stopping  of  it. 

Water  at  50  deg.  weighs G2.  41  lb,  per  cu.tt. 

Water  at  200  deg.  weighs (50   14  lb.  Der  ru.ft. 

Difference 2 .  27  lb.  per  cu. ft. 

Dividing  the  2.27  by  Hi  gives  0.0158  lb.  per  sq.in. 
pressure  for  each  foot  in  height,  and  as  the  height  is  15 
ft.,  the  following  head  will  be  obtained,  remembering 
that  head  equals  2.33  times  the  pressure. 

0.0158  X  3-33  X  15  =  0.55  ft.  head 

As  the  friction  head  or  power  available  is  1.10  ft.  there 
will  be  suificient  head  to  produce  circulation.  As  soon 
as  the  cold  water  is  out  of  the  radiator  the  velocity  will 
be  increased.  The  above  assumptions  presume  a  differ- 
ence of  150  deg.  If  this  were  reduced  to  10  deg.  the  nor- 
mal drop  in  head  due  to  gravity  would  be  one-fifteenth,  or 

0.55  -=-  15  =  0.036 
It  will  be  readily  seen  that  in  forced  circulation  with  a 
drop  of  less  than  10  deg.  in  the  radiator  gravity  is  prac- 
tically eliminated. 

Elements  of  Heating 

By  E.  X.  Irwin 

Heat  may  be  defined  as  a  form  of  energy  caused  by 
the  molecular  motion  of  the  particles  of  any  substance. 
Its  manifestations  are  contraction  and  expansion  with 
changes  in  temperature  measured  by  a  thermometer. 
Electricity  and  light  are  analogous  forms  of  energy,  but 
the  theory  is  of  slight  importance  to  the  student  of  heat- 
ing as  compared  with  the  manifestations  which  affect  the 
physical  action  of  the  media  used  in  heating.  All  heat- 
ing quantities  are  based  on  tlie  British  thermal  unit, 
which  is  the  quantity  of  heat  absorbed  by  one-pound 
weight  of  water  when  raised  in  temperature  1  deg.  F. 
The  mechanical  equivalent  of  heat  is  778  ft. -lb.,  to  the 
B.t.ii.,  a  foot-pound  being  the  energy  or  work  required 
to  raise  a  weight  of  one  pound  through  a  distance  of  one 
foot  against  the  force  of  gravity.  These  quantities  give 
a  basis  of  measuring  Avork  for  both  heating  and  refrigera- 
tion, as  in  either  system  there  is  a  transfer  of  heat  from 
one  point  to  another. 

Water  has  the  maximum  absorbing  power  for  heat,  and 
is  taken  as  the  standard  for  measuring  the  capacity  of 
other  substances.  This  is  expressed  as  a  ratio  which  is 
called  the  specific  heat  of  the  substance.  Water  is  taken 
as  unity,  so  that  the  specific  heat  of  any  other  substance 
will  be  the  number  of  British  thermal  units  required  to 
raise  a  unit  weight  of  it  1  deg.  Conductivity  is  the 
number  of  British  thermal  units  that  ,will  pass  through 
a  substance  per  degree  difference  either  side  in  a  unit 
of  time.  It  is  of  importance  in  determining  loss  of 
heat  in  buildings  and  the  transmission  of  heat  through 
surfaces  from  one  medium  to  another.  The  thickness 
is  important  as  a  greater  weight  will  increase  the  absorb- 
ing power  and  delay  the  heat  transmission. 

Heat  is  transmitted  by  convection,  radiation  and  con- 
duction. Convection  is  the  absorption  of  heat  by  the 
passage  of  a  fluid  over  a  heated  surface,  and  the  heat 
absorbed  is  a  direct  function  of  the  velocity  of  passage. 
The  transfer  by  radiation  is  the  passage  of  heat  from  one 
object  to  another  when  not  in  contact.    The  sun  transfers 


heat  to  the  earth  entirely  by  radiation.  A  stove  in  a  room 
acts  both  by  convection  and  radiation.  The  passage  of 
the  air  of  the  room  over  the  heated  surface  effects  a 
transfer  by  convection ;  the  fire  transfers  the  heat  to  the 
sides  of  the  stove  mainly  by  radiation  and  the  passage 
through  the  sides  of  the  stove  would  be  by  conduction. 
Objects  raised  in  temperature  near  the  stove  and  exposed 
to  the  rays  of  heat  would  absorb  heat  mainly  by  radia- 
tion. 

The  condition  or  stale  of  matter  whether  gaseous, 
liquid  or  solid  is  merely  one  of  temperature.  Thus  water 
is  solid  below  33  deg.,  liquid  from  32  to  212  deg.  under 
atmospheric  pressure  and  gaseous  at  any  temperature 
above  212  deg.  Pressures  above  or  below  atmospheric 
will  change  the  above  temperatures. 

The  three  mediums  used  in  heating  are  air,  water  ami 
steam.  A  heating  apparatus  may  be  defined  as  a  system 
of  conduits  or  pipes  arranged  to  convey  a  fluid  from  the 
source  of  heat  to  the  space  to  be  heated.  The  apparatus 
would  include  the  absorber  (heater,  boiler,  etc.),  and  the 
radiator  on  either  end  of  the  system  of  conduits.  The 
apparatus  may  form  a  clo.sed  circuit  returning  the  fluid 
to  be  reheated  or  it  may  be  an  open  circuit  wasting  the 
conveying  fluid  after  extracting  as  much  of  the  heat  as 
possible  in  the  space  to  be  heated.  The  fluid  may  be 
circulated,  first,  by  an  expansion  from  a  higher  to  a 
lower  pressure  and  temperature;  second,  by  a  difference 
in  weight  of  the  fluid  as  it  is  cooled  or  heated;  third, 
by  mechanical  means  such  as  the  application  of  a  pump 
or  blower.  Air  and  water  may  be  mechanically  circulated 
by  independent  power  and  the  temperature  of  the  medium 
will  be  independent  of  the  power  of  circulation,  that  is, 
the  circulation  can  be  maximum  without  any  transfer 
of  heat.  Steam  is  always  circulated  by  expansion  from 
a  higher  to  a  lower  pressure,  the  latter  being  obtained 
by  extracting  the  heat  of  the  fluid  in  the  space  to  be 
heated.  Air  and  water  may  be  circulated  by  gravity,  due 
to  a  difference  in  temperature,  and,  therefore,  weight,  in 
different  parts  of  the  system.  In  all  cases  where  the 
fluid  is  not  mechanically  circulated,  the  circulation  is 
dependent  on  a  temperature  difference  and,  therefore,  af- 
fects the  average  temperature  of  the  heating  medium. 
With  a  given  initial  temperature  the  more  rapid  the  cir- 
culation the  lower  will  be  the  average  temperature  of  the 
heating  medium,   and  the  larger  the  surfaces  required. 

In  studying  the  flow  of  steam  as  applied  to  heating,  a 
knowledge  of  its  physical  properties  is  necessary,  and  as 
will  be  seen  a  knowledge  of  these  properties  will  show 
that  the  rules  governing  steam  heating  are  the  same 
whether  high  or  low  pressures  are  u.sed.  Every  tempera- 
ture of  steam  in  contact  with  the  liquid  in  a  boiler  has  a 
corresponding  pressure  which  is  fixed  in  all  cases.  In  this 
state  the  steam  is  said  to  be  saturated.  When  the  steam 
is  not  in  contact  with  the  liquid  and  is  raised  above  the 
temperature  corresponding  to  the  pressure,  it  is  super- 
heated, and  the  number  of  degrees  above  the  temperature 
corresponding  to  the  pressure  is  the  degree  of  superheat. 

With  saturated  steam  the  percentage  of  entrained  water 
determines  its  quality.  For  example,  with  2  per  cent, 
moisture  the  quality  of  the  steam  would  be  98.  A  reduc- 
tion in  pressure  will  tend  to  vaporize  this  water  if  the 
heat  is  maintained  constant  or  heat  is  added.  This  is 
what  happens  when  steam  traps  discharge  to  atmosphere 
under  pressure  above  atmospheric. 

Latent   heat   is   the   amount   necessary   to   vaporize    a 
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pound  of  water  from  liquid  to  vapor  at  the  same  pressure 
and  temperature.  It  decreases  with  au  increase  in  pres- 
sure and  sensible  temperature.  The  same  amount  of  heat 
is  released  when  the  vapor  changes  back  to  water,  as 
when  steam  is  condensed  in  a  radiator. 

Sensible  heat  is  the  temperature  recorded  on  a  ther- 
mometer when  immersed  in  the  vapor,  and  in  the  case 
of  saturated  steam  determines  the  pressure  corresponding. 
When  superheated  steam  conies  in  contact  with  the  liquid 
a  transfer  occurs.  Water  is  evaporated  until  the  tem- 
perature of  the  liquid  and  vapor  become  the  same,  and 
when  this  occurs  the  steam  will  be  saturated.  The  pres^- 
sure  will  change  at  the  same  time  to  correspond  to  the 
final  temperature  of  both  vapor  and  liquid. 

Total  heat  is  the  sensible  heat  plus  the  latent  heat  at 
the  corresponding  pressure  plus  the  superheat  if  any.  In 
heating  work,  only  saturated  steam  is  considered,  al- 
though sometimes  conditions  of  slight  .superheat  occur  in 
high-pressure  steam  lines. 

Specific  volume  is  the  number  of  cul)ic  feet  of  steam  to 
the  pound  for  any  pressure  and  temperature  and  is  an 
important  factor  in  the  design  of  conduits  or  mains.  The 
sensible  lieat  determines  the  temperature  at  which  a  heat- 
ing system  is  operated  and  affects  the  heating 
surface  in  boilers  and  radiators.  Attention  is  called 
to  the  fact  that  the  total  heat  of  steam  only  varies  about 
53  B.t.u.  betweeii  atmospheric  and  300  lb.  absolute,  the 
sensible  temperature  varies  between  213  and  417  deg.,  or 
205  deg.,  while  the  latent  heat  per  pound  varies  from  970 
to  811  B.t.u.  In  most  steam  tables  the  heat  is  measured 
from  32  deg.,  and  the  absolute  pressure  instead  of  at- 
mospheric is  used,  the  former  being  14.7  lb.  more  than 
the  former. 

A  universal  question  asked  when  heating  apparatus  are 
under  consideration,  is:  "What  is  the  best  system  or 
medium  to  use,  air,  steam  or  water?"  At  present  it  is 
possible  to  design  apparatus  so  as  to  satisfactorily  heat 
any  building  by  any  one  of  the  three  mediums,  and  any 
of  the  methods  may  be  unsatisfactory  if  the  system  is  de- 
signed, installed  or  operated  improperly. 

If  air  is  circulated  as  a  medium  by  difference  in  tem- 
perature and  compared  with  water  circulated  by  gravity 
the  effect  of  specific  heat  and  volume  is  given  in  the  fol- 
lowing: Where  the  specific  volume  of  a  medium  is  low, 
much  higher  velocities  may  be  maintained  with  the  same 
given  expenditure  of  power  or  a  greater  difference  in 
weight  produced  due  to  a  given  difference  in  temperature. 
The  amount  of  heat  transmitted  is  proportional  to  the 
density  per  cubic  foot  or  the  reciprocal  of  the  specific 
volume.  Assume  velocities  of  300  ft.  per  min.  for  tjie 
air  and  30  lb.  per  min.  for  the  water.  For  a  given  heat 
supply  the  relative  cubic  feet  and  size  of  conduits  will 
be  given.  The  size  of  conduits  will  be  proportional  to 
the  ctibic  feet  of  the  fluid  required  and  inversely  as  the 
velocities.  The  velocities  will  vary  inversely  as  the  den- 
sities and  specific  heats. 

Let  JI a  equal  the  volume  in  cubic  feet  of  the  hot-air 
system  and  Hw  the  voluine  of  the  gravity  hot-water  sys- 
tem.     Then 

Ha  :  Hw  ■ :  sp.ht.  water :  sp.ht.  of  air : :  1 :  0.24 
Density  water:  density  of  atr: :  62.5  :  0.075 
Velocity  irater :  velocity  of  rtir : :  30  :  300 
Ha  _       30X62.5X1 
Hw  ~  0.34  X  0.075  X  300 


The  hot-air  conduits  will  be  347  times  the  size  of  the  hot-ll 
water  pipes.  As  the  velocities  are  10  to  1,  there  will  be 
required  3470  cu.ft.  of  air  to  transmit  the  same  heat  as  a  j 
cubic  foot  of  water.  Due  to  the  greater  areas  of  main 
and  corresponding  outside  surface  the  loss  on  the  air 
system  will  be  far  greater  for  a  given  distance  and  the 
drop  in  temperature  for  the  loss  of  1  B.t.u.  will  be  over 
four  times  that  of  the  water.  These  are  the  real  difiB- 
culties  in  handling  air  long  distances  as  a  medium  for 
the  transmission  of  heat.  It  is  also  true  that  the  higher, 
the  temperature  of  the  medium  the  greater  the  loss  from 
radiation,  and  with  air  the  greater  the  drop  in  tempera- 
ture of  the  medium  in  transit. 

Steam  has  low  specific  volume  and  high  velocities,  but 
the  latent  heat  is  an  important  factor  which  does  not  ap- 
pear in  a  water  system.  The  higher  the  average  steam 
pressure  the  greater  density  and  the  smaller  the  pipe.  The 
weight  of  steam  at  atmospheric  pressure  is  0.03732  lb. 
per  cu.ft.  and  of  water  62.5  lb.  per  cu.ft.  The  latent 
heat  of  the  steam  would  be  970  B.t.u.,  while  the  drop  on 
the  water  .system  would  be  only  about  25  deg.,  or  25  B.t.u. 
per  II).  The  velocity  of  the  steam  would  be  about  3000 
ft.  per  min.  as  against  30  ft.  per  min.  for  the  water.  The 
volume  of  steam  over  the  water  would  be 


62.5 


=  1075  times 


0.03733 

Making  a  proportion  in  the  same  manner  as  before 
Hs  :  Hw  ::  62.5  :  0.03733 
30      :  3000 
35      :  970 
Hs  62.5  X  30  X  35 

Hw  ~  0.03732  X  3000  X  970 


=  0.43 


=  43 


347 


The  water  mains  would  thus  be  2.3  tim^s  the  size  of 
the   steam    mains    under    the    velocities    and    conditions 
named.     Xow,  if  the  water  was  circulated  300  ft.   per  f 
min.,  instead  of  30,  the  water  mains  would  be  about  one- 
fourth  the  size  of  the  steam  mains  to  do  the  same  work. 
Of  course,  the  water  system  requires  the  same  size  main 
for  a  return  and  the  friction  is  greater  than  in  the  steam  r 
main.     These  figures  are  merely  ratios  giving  an  idea  of  * 
how  the  physical  properties  of  the  different  media  affect 
the  design  of  heating  apparatus. 

If  the  velocities  are  omitted,  then  the  heat-carrying  (a 
pacifies  per  cubic  foot  will  have  the  following  relatitiii>; 

Hw  63.5  X  25 

Hs   ~  0.03732  X  970 

or  the  water  will  have  43  times  the  capacity  per  cubic 
foot  of  the  steam  for  delivering  heat.  The  size  of  the 
mains  reverses  the  ratio  when  the  velocities  are  taken 
into  account.  The  radiating  surface  is  directly  propor- 
tional to  the  difference  in  temperature  and  the  coeffi- 
cient of  transmission,  regardless  of  the  medium.  If  the 
air,  water  and  steam  are  at  the  same  temperatures  the 
same  surface  will  be  required,  but  a  greater  weight  of  air 
than  of  water  will  have  to  be  passed  over  the  surface,  due 
to  the  low  specific  heat.  In  all  cases  this  velocity  is  a 
function  and  from  the  above  reasoning  it  will  be  seen 
that  steam  requires  no  more  radiation  than  water  if  the 
temperatures  of  the  steam  and  water  are  the  same.  The 
lower  the  temperature  at  which  the  heating  system  is 
operated,  regardless  of  the  medium,  the  greater  the 
amount  of  surface  and  the  higher  the  cost  of  installation. 
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Common-Sense   Precautions 

i  In  a  recoiit  ii^sue  of  I'owek  a  contributor  tells  of  an 
enfjineer  who  fell  into  a  sump  pit  which  was  flooded  with 
\\:it''r.  The  place  was  inadequately  lighted,  and  the  pit 
was  open  and  not  even  guarded  by  railing. 

This  accident  is  only  one  of  a  nund)er  of  similar  one.s 
which  occur  altogether  too  frequently.  There  are  in- 
numerable plants  where  pit  and  pipe  tunnels,  shafts, 
raceways,  etc.,  are  in  total  darkness,  and  no  attempt  is 
inade  to  prevent  a  person  from  falling  into  them.  In 
some  .states  it  is  made  compulsory  by  law  to  safeguard 
employees  in  such  places. 

It  reflects  unfavorably  upon  the  common  .sense  of  en- 
'dnncrs  not  to  take  these  precautions  voluntarily.  Much 
1  niicnt  is  not  required  to  properly  light  these  places,  and 
if  ihey  are  not  permanently  lighted  it  should  be  insisted 
jthat  the  men  use  lanterns  when  going  near  or  through 
them.  Law  suits  for  injuries  received  by  employees  and 
|other  disagreeal>le  incidents  can  be  thereby  avoided. 

The    Third   Congress  of  Refrigeration 

The  oiJi^ortunity  of  a  generation  has  just  been  afforded 
Americans  interested  in  refrigeration,  cold  storage,  ice 
making  and  the  allied  industries  in  having  in  this  country 
the  third  international  congress  of  refrigeration.  The 
Voiiuress  was  a  success,  and  the  large  attendance  would 
iiiilh-ate  that  it  has  been  generally  appreciated.  Con- 
siderably over  one  hundred  papers  were  delivered,  and 
their  publication  in  the  proceedings  which  are  to  follow 
•will  make  a  valuable  addition  to  the  literature  already 
in  print. 

The  titles  of  the  papers,  which  were  almost  equally 
■divided  between  the  sections,  indicate  in  a  general  way 
the  scope  and  character  of  the  material  presented.  Quite 
a  number  of  the  papers  were  of  foreign  origin,  and  the 
exchange  of  ideas  will,  no  doubt,  be  of  equal  advantage 
|to  all  concerned,  although  a  more  extended  discussion  on 
ithe  papers  in  the  various  sections  would  have  greatly 
enhanced  their  value.  Unfortunately,  the  contributed 
manuscripts  arrived  late,  practically  all  of  them  at  the 
^ast  minute,  and  their  publication  was  so  delayed  as  to 
'afford  but  little  opportunity  for  a  reading  previous  to 
their  presentation.  One  man's  ideas,  particularly  if  he 
be  an  authority,  are  of  value,  but  a  discussion  approach- 
ing any  particular  subject  from  many  different  angles 
adds  to  the  general  inulerstaiuling  and  intrinsic  value  of 
a  paper. 

A  number  of  resolutions  were  adopted  by  the  various 
sections  and  referred  to  the  general  assembly  of  the  con- 
gress or  to  the  commission  of  the  International  Associa- 
tion of  Eefrigeration.  The  second  section  moved  the 
general  adoption  of  143.5  B.t.u.  as  the  latent  heat  of 
fusion  of  ice  as  explained  in  the  report  of  the  congress 
on  other  pages  of  this  issue.  The  fifth  section  passed 
two   resolutions   referring   to   the   transportation   of    re- 


frigerated products  by  sea  and  rail,  and  the  sixth  section 
adopted  resolutions  referring  to  instruction  and  educa- 
tion in  refrigeration,  legislation  and  insurance  against 
indirect  damage.  All  of  these  resolutions  were  good  and 
if  followed  out  as  intended  should  result  in  lasting  bene- 
fit to  the  field  as  a  whole. 

Scientists  and  government  officials  of  standing  and 
some  of  the  best  engineers  in  this  country  attended  the 
congress.  According  to  the  register  there  were  thirty-fi\c 
from  France,  twenty-five  from  Germany,  eighteen  from 
Russia,  the  same  number  from  Austria,  (iffeen  from 
Canada  and  lesser  numbci-s  from  ofhcr  countries  in 
Europe,  the  British  Empire,  South  America  and  even 
Asia.  It  is  thus  evident  that  the  congress  has  a  wide 
foothold  in  the  various  countries  of  the  world  and  its  in- 
fluence will  be  felt  in  the  15(»  or  more  industries  aided 
by  artificial  refrigeration. 

A  new  era  in  refrigeration  is  just  beginning  and,  as  in 
the  past  few  years,  the  development  will  be  rapid.  There 
will  be  plenty  of  work  for  the  international  association 
to  do,  and  many  questions  for  it  to  settle.  Many  of  the 
!)est  men  in  the  field  are  included  in  its  membership  so 
tliat  the  ability  is  there  to  reflect  credit  on  the  organiza- 
tion. A  continuation  of  the  good  work  since  its  incep- 
tion, five  years  ago,  is  to  be  looked  for,  and  each  succeed- 
ing congress  should  bear  more  fruit  than  the  one  pre- 
ceding. So  far  this  has  been  true  and  the  gathering  in 
Russia  three  years  hence  will,  no  doubt,  li\e  up  to 
■precedents. 

Standardization    of    Boiler  and    Stoker 
Installations 

The  plea  of  .losejih  Worker  for  real  cooperation  in 
standardizing  boiler  and  stoker  installations  as  told  on 
page  500  of  this  issue,  should  be  heeded. 

■\\'hile  it  is  true  that  much  has  been  done  in  this  di- 
rection by  the  smoke-inspection  departments  of  some 
cities,  no  movement  of  wide  scope  representing  the  con- 
centrated efforts  of  boiler  and  stoker  manufacturers  and 
smoke  inspectors  has  developed.  It  is  hoped  that  the 
International  Association  for  the  I'revention  of  Smoke, 
before  which  Mr.  Worker's  paper  was  read,  will  be  able 
to  bring  about  such  a  movement.  It  is,  perhaps,  the 
organization  best  fitted  for  carrying  on  such  work. 

It  is  true  that  higher  boiler  settings,  extended  furnace,' 
and  stokers — in  fact,  all  the  requirements  that  make  for 
commercially  smokeless  combustion  of  soft  coal — cosi 
more  to  install  than  equipments  not  specially  designed 
for  the  fuel  and  load  conditions,  head  room  and  floor 
si)ace.  The  difference  in  price  is  the  deterrent  to  their 
being  more  frequently  adopted.  Smoke-inspection  de- 
jiartments  might  find  it  advantageous  to  circulate  litera- 
ture to  the  purchasers  who  are  usually  nontechnical  men. 
showing  that,  although  such  installations  are  higher  in 
first  cost,  they  are  far  more  economical  than  insiallations 
not  so  well  adaijfed  to  the  fuel  and  load  idiiditions. 


POWER 


Vol.  :J8,  No.  15 


I'revious  to  signing  Goiitracts,  the  purchaser  should 
have  his  engineer  call  together  the  boiler  and  stoker  man- 
ufacturers and  smoke  inspector  for  conference,  so  that 
such  things  as  sizes  of  firebox,  flues,  chimneys,  etc.,  may 
be  agreed  upon  by  each  before  the  work  commences.  In 
thi.s  way,  such  unfortunate  happenings  as  too  little  head 
room  to  allow  of  the  proper  distance  between  the  grate 
and  boiler,  insufficient  flue  areas,  due  to  structural  fea- 
tures of  the  building,  inadequate  draft  due  to  too  small 
a  stack;  in  fact,  all  these  things  which  are  discovered 
when  it  is  too  late  to  avoid  great  expense  for  remodeling, 
would  then  be  avoided. 

The  Men  You  Keep 

Occasionally  men  are  found  who  have  been  employed 
by  the  same  company  fifteeen,  twenty,  twenty-five  years 
or  more.  This  long  service  indicates  a  relation  existing 
between  the  men  and  the  company  ofticials  that  promotes 
good  will  and  a  feeling  of  interest  on  the  part  of  the  men 
in  the  affairs  of  the  company. 

In  a  certain  company  one  workman  has  been  employed 
about  forty  years,  and,  although  his  efficiency  is  waning, 
he  still  receives  full  time  for  what  service  he  renders. 
This  company  sells  ice  and  coal  to  its  workmen  at  cost; 
buries  a  man  if  he  is  killed,  and  takes  care  of  the  de- 
pendent ones  until  they  can  take  care  of  themselves. 

This  company  has  never  had  any  labor  troubles,  and 
when  necessary  the  m(?n  willingly  work  overtime  and  all 
night  for  regular  pay.  Most  men  who  leave  the  employ 
of^'the  company  return  at  the  first  opportunity.  This 
company  is  known  by  the  men  it  keeps. 

As  a  contrast,  take  any  company  whose  officials  are 
not  in  close  relation  with  the  men,  and  where  the  onc^ 
idea  is  to  get  as  many  dollars  out  of  their  efforts  as  pos- 
sible. There  can  be  but  one  result,  discontent.  The  men 
feel  the  absence  of  personal  interest  in  them  and  take 
the  position  that  so  long  as  the  company  is  looking  solely 
after  its  interests,  it  is  up  to  them  to  get  as  much  out  of 
the  company  as  they  can.  Hence,  work  is  slighted — no 
one  does  more  than  he  is  obliged  to  do  to  hold  his  job. 
Periodically  the  discontent  reaches  the  stage  where  a 
strike  results.  Such  a  company  is  known  by  the  men  it 
keeps. 

When  a  man  habitually  makes  changes,  the  fault  is 
generally  with  himself.  When  a  large  part  of  the  men  em- 
ployed by  a  company  keep  changing  it  looks  as  if  the 
company  were  at  fault.  It  does  not  take  long  for  a 
comjiany  to  get  a  favorable  or  discredited  reputation  from 
the  men  it  keeps. 

Very  many  boiler  rooms  are  known  as  hard  proposi- 
tions. The  firemen  employed  today  are  all  gone  next 
month,  none  staying  longer  than  to  find  another  position. 
A  look  into  such  a  hoiler  room  usually  shows  it  to  be 
dark  and  dirty,  undermanned  and  indiscriminately  op- 
erated. A  good  fireman  will  not  work  in  such  a  place  or 
for  a  company  maintaining  such  a  boiler  room.  There- 
fore, second-rate  men  are  employed,  efficiency  is  lacking 
and  the  plant  gets  a  bad  name  among  the  craft.  Another 
instance  of  being  known  by  the  men  employed. 

There  is  one  kind  of  a  plant  which  engineers  avoid,  if 
they  are  acquainted  with  the  situation ;  that  is,  where  the 
president,  superintendent  or  general  manager  assumes 
the  office  of  chief  engineer.  No  engine  room  is  large 
ciKJUgh  for  two  individuals  to  assume  charge  without  fric- 


tion,   and    if    the    management    of    the    steam   plant  il 
divided,  no  end  of  trouble  will  occur.     Discipline  is  ii 
possible;  the  men,  not  knowing  from  whom  to  take  orH 
naturally  obey  the  ir^an  who  is  nearest  the  office.    Ji 
not  uncommon  where  ;  uch  conditions  exist  for  the  ( 
engineer  to  quit  in   a    bort  time,  unless  he  is  con- 
to  "play  second  fiddle.       The  men  in  the  boiler  and 
gine  rooms  take  matters  into  their  own  hands  to  a  grc 
or  less  extent,  and  do  pretty  much  as  they  please. 

No  real  engineer,   capable  of   running  a  good  jio 
plant,  can  accept  such  conditions  and  the  plant  soou  be 
comes  known  by  the  men  it  keeps. 


I 


The  Bismarck  (N.  D.)  Weekly  Tribune  wonders  tir: 
"Has  North  Dakota  a  man  who  has  succeeded  in  d- 
the  hitherto  impossible?  Has  she  a  wizard  who 
been  able  to  break  the  seal  on  the  closed  book  of  mj.-i 
delve  into  the  unfathomable  depths  of  gravity,  ami 
veal  her  secret  which  prohibits  perpetual  motion?" 

No,  our  dear  contemporary,  she  has  not.  You  can  u^ 
your  whole  outfit  on  it,  job  press  and  all.  And  if  lb 
alleged  inventor,  whose  portrait  you  publish,  says  tin 
he  has  produced  a  machine  which  has  run  forty  da; 
without  tapping  some  sort  of  energy,  he  is  either  a  lis 
or  has  himself  fooled  to  a  frazzle. 

And  the  next  mail  brings  the  Los  Angeles  Times,  wn 
a  weird  account  of  an  engine  which,  its  owners  say,  "- 
crates  its  own  power  in  violation  of  recognized  rui> 
inechanics  and  accomplishes  the  alleged  impossibilii\ 
producing    more    power   than    it    generates     (absorbs? 
The  noval  feature  is  that  the  engine  uses  only  air  f' 
fuel,  the  expansion  of  the  air  through  heat  prodii< 
driving  power,  as  well  as  power  to  produce  more 
to  expand  more  air." 

The   following   lucid   description   of   the   invention 
reminiscent   of   the   ramblings   of   the   lamented   Keul} 
"^Vires  from  the  magneto   keep   the   air   at   the  proiK 
temperature   without    loss   of    power    or   pressure.     Tl: 
vital  principle  which  enables  the  engine  to  multiply  il 
power  sixteen  times  is  explained  as  a  piston  device  tlv 
turns   a   shaft  which   carries   two   heavy   flywheels.     ' 
each  end  of  the  shaft  is  a  toothed  gear.     A  groovu 
formed  in  a   mangled   device  in  which  the  end  of  tl 
shaft  travels.    The  groove  is  elongated  and  so  placed  th: 
as  the  gear  turns  the  end  of  the  shaft  will  hold  the  gei 
in  contact  with  the  toothed  rack  and  this  causes  the  coi, 
necting-rods   to   produce    a    reciproeative    motion.     Til; 
drive  shaft  makes  two  and  a  half  revolutions  during  enc 
compression  stroke." 

It  will  go  into  the  long  time  of  similar  fizzles  u 
E.  M.  Barnes  attempt. 


The  Electrical  Revieiv  publishes  the  following  frai 
avowal  from  the  pen  of  Douglas  S.  Martin:  "flhe' 
they  have  to  fight  the  isolated  plant,  central-station  mi 
fight  it  not  through  personal  animus  toward  the  leade 
of  the  movement,  but  because  they  are  acting  accordii 
to  their  convictions,  and  their  convictions  tell  them  th 
the  isolated  plant  means  waste.  Therefore,  they  mu 
set  their  rates  to  kill  the  isolated  plant— not  becau 
they  delight  in  killing,  but  because  their  line  of  busine 
can  only  be  run  efficiently  by  raking  in  all  loads  ai 
every  kind  of  load." 
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Required  Vacuum 

jReferring  to  the  inquiry  of  F.  E.  K..  in  the  Sept.  2 
ijlie,  I  offer  the  following  additions: 
[Because  of  the  limited  range  of  expansion  in  a  re- 
cjirocating  engine,  the  economy  is  limited.  Owing  to 
ir  great  size  and  hence  cost,  cylinders  could  not  be 
'fitably  built  to  allow  for  the  tremendous  increase  in 

iame  of  steam  when  it  is  expanded  to  very  low  exhaust 
ssures.  Consider  the  use  of  steam  at  an  initial  pres- 
e  of  165  lb.  absolute;  its  specific  volume  in  cubic  feeb 
"i  pound  is  2.753,  while  at  1  lb.  absolute  it  is  333. 
iagine  the  size  and  cost  of  a  cylinder  necessary  to  utilize 
am  at  the  latter  pressure.  It  would  be  simply  pro- 
ilbitive.  Engines  usually  exhaust  at  about  6  lb.  absoluie 
lid  consequently  all  the  available  energy  is  not  expended, 
wer  exhaust  pressure  would  simply  aid  in  decreasing 
e  back  pressure  without  any  appreciable  effect  on  the 
mpleteness  of  expansion.  Even  if  it  were  possible  to 
pand  to  1  lb.  absolute,  any  gain  procured  in  expansion 
buld  be  greatly  offset  because  of  the  increased  amount 
I  condensation  in  the  engine,  unless  highly  superheated 
'eam.  were  used,  and  then  the  cost  of  the  superheater 
'puld  enter,  for  the  fixed  and  operating  costs  of  super- 
sating  must  be  taken  into  consideration  in  determining 
et  gain,  since,  the  decrease  in  steam  consumption  would 
t  fee  the  actual  saving. 

H.  W.  Wetjen. 
Newburgh,  X.  Y. 

lome-Made  Emery  Wheel  for  Grind- 
ing Valve 

I  have  heard  and  read  of  many  ways  of  grinding  valve 
ats,  but  never  heard  of  a  method  like  my  own :  Ee- 
love  the  disk  holder  from  the  valve  stem  and  cut  out  the 
pmposition  disk  and  fill  up  with  emery  with  just  enough 
tiin  glue  to  make  the  emery  damp.  Smooth  off  the  top 
fhile  damp  and  set  away  for  a  few  hours ;  when  the  mix- 
!bre  hardens  it  makes  a  good  emery  wheel  of  the  proper 
ize.  Place  it  in  the  valve  and  turn  with  a  brace.  If  it 
3  desired  to  use  the  disk  holder  in  the  valve,  submerge 
jt  in  warm  water  for  a  few  minutes  and  scrape  out  the 
foftened  emery  with  a  jack  knife. 

E,  E.  Thompson. 
Thessalon,  Ont.,  Canada. 


Val  'e  for  Many  Purposes 

The  illustrations  sliow  a  valve  that  may  be  utilized 
'or  many  purposes  and  made  at  little  expense.  Fig.  1 
shows  a  valve  I  made  several  years  ago  to  use  as  a 
afety  stop  on  a  pump  used  to  fill  a  large  tank  with 
vvater. 

I    This  valve   is  made   by   threading   the   packing   gland 
lof  a  1-in.  globe  valve  after  the  threads  have  been  filed 


olf  the  stem  and  the  stem  extended  as  shown.  A  l-in. 
collar  and  lx8-in.  nipple  is  screwed  over  the  packing 
gland,  first  having  placed  a  washer  between  the  valve 
stem  and  the  extension  that  will  work  free  inside  of  the 
nipple.  Over  the  stem  place  a  spiral  spring  long  enough 
so  that  when  the  cap  is  screwed  on  it  will  compress  it 
slightly.  Next  pull  out  the  stem  as  far  as  it  will  come, 
and  cut  a  slot  in  it  flush  with  the  edge  of  the  cap  and 
arrange  the  trip  as  shown.  The  stop  is  then  ready  for 
service. 

By  removing  the  spring  and  attaching  a  float  it  makes 
a  very  good  float  valve,  as  shown  in  Fig.  2.  By  the 
addition  of  a  washer  as  a  compression  plate  and  by  tap- 


'F1G.2  FIS.3 

Applications  of  Spitixo-LoADEn  Globe  Valve 

ping  a  i/4-in.  hole  on  each  side  of  the  valve  stem  and 
inserting  thumb  screws  (longer  than  illustrated),  as 
shown  in  Fig.  3,  a  very  good  relief  valve  may  be  made, 
which  may  be  regulated  by  compressing  the  spring.  I 
have  used  this  valve  in  many  places  and  found  it  highly 
satisfactory. 

CLArni:  E.  Va.v  Keuren. 
Famosa,  Calif. 

Leaky  Safety  Valve  Repaired 

I  was  called  on  to  find  what  it  w'as  that  caused  a 
safety  valve  to  operate  in  the  following  manner.  The 
valve,  when  set  to  release  at  a  certain  pressure,  would 
leak  badly  at  a  pressure  far  below  the  releasing  pressure 
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ind  would  not  stop  k-akiiig  until  the  pressure  had  fallen 
considerably. 

On  investigation  I  found  that  the  trouble  was  due 
to  the  fact  that  the  lever  guide  on  the  valve  stem  was 
lat.  Fig.  1  shows  the  valve  closed,  the  lever  resting 
m  the  corner  of  the  guide.     The  long  fulcrum  or  guide 


Defective  axd  CoidiKCT  Coxstkuctiox  of  Safety 
\'.\L\K  Li:vi:k 

illowed  the  lever  to  lift  at  a  low  pressure  until  it  rested 
flat  on  top  of  the  guide. 

When  the  pressure  had  risen  high  enough  the  lever 
ivould  be  lifted  by  the  other  corner  of  the  guide,  which 
ivas  a  shorter  fulcrum.  To  remedy  this  I  drilled  and 
tapped  the  top  of  the  stem  and  inserted  a  plug  having  a 
i3(iiiit,  as  shown  in  Fig.  2. 

ClIAS.    G.    BUDER. 

St.  Louis,  ilo. 

Crescent  Cooling  Pond  Defended 

The  letter  signed  by  Charles  W.  Wilson,  Xew  Castle, 
Penn.,  on  page  163  of  the  Feb.  4,  1913.  issue,  contains 
statements  concerning  our  lake  at  Wampump,  which  are 
absolutely  unwarranted  liy  the  facts.  We  beg  to  state 
positively  that  we  have  no  knowledge  of  a  Charles  W. 
Wilson  or  anyone  representing  him  calling  on  us  for 
facts  or  having  visited  our  plant. 

Xow  to  take  up  his  statements  in  order: 

His  statement  that  there  is  no  movement  of  the  water 
is  incorrect.  He  seems  not  to  realize  that  water  may 
flow  without  making  the  movement  apjiarent  on  the  sur- 
face. 

His  statement  that  the  entire  volume  of  the  lake  warms 
up  and  remains  hot  until  cold  weathtr  comes  on  again  is 
also  incorrect,  unless  he  refers  to  water  on  the  surface 
only.  The  lake  varies  from  a  depth  of  from  6  to  13  in. 
at  the  upper  end  to  16  ft.  in  depth  at  the  lower  end  next 
to  the  dam,  and  one  can  readily  see  the  impossibility  of 
it  becoming  equally  warm  all  over  when  one  considers 
there  is  a  constant  taking  of  cold  water  from  the  lower 
end  of  the  lake  at  the  bottom,  where  it  is  16  ft.  deep, 


and  the  consequent  continuous  flow  of  water  froni  tlic 
upper  end,  where  it  is  from  6  to  12  in.  deep.  By  actual 
record,  carefully  made  hourly  and  noted  on  our  log  sheet, 
we  find  even  in  hot  weather  there  is  a  temperature  differ- 
ence of  about  30  deg.  F.  between  the  intake  water  and 
the  tail  water. 

His  suggestion,  "But  with  the  addition  of  a  properly 
designed  cooling  system  it  would  be  very  successful  in 
keeping  the  water  cool  during  the  summer  season  when 
the  mill  is  running  continuously  night  and  day,"  is  sim- 
ply a  statement  wholly  incorrect,  so  far  as  our  conditions 
e.xist,  and  goes  to  show  thai  he  does  not  know  anything 
about  the  operation  of  our  mill,  which  has  been  running 
almost  constantly  for  four  years  and  for  the  last  12 
months  has  been  operating  continuously  night  and  day, 
with  the  exception  of  a  shutdown  of  about  ten  days.  Dur- 
ing the  hot  months  of  this  summer  we  ran  continuously 
at  full  capacity  under  most  economical  conditions.  Wc 
consider  that  we  have  the  best,  practical  and  economical 
system  to  fit  our  conditions. 

We  do  not  have  before  us  the  article  published  in  the 
Dec.  3,  1912,  issue,  but  we  have  the  original  article  from 
which  it  was  abstracted.  The  original  article  appeared 
in  the  Journal  of  the  American  Society  of  Mechanical 
Engineers,  being  a  paper  read  by  our  constructing  engi- 
neer, W.  B.  Ruggles,  of  Now  York  City,  before  the  so- 
ciety. Mr.  Ruggles  is  well  known  as  an  engineer  of  ac- 
curacy and  truthfulness,  and  we  write  this  letter  prin- 
cipally to  resent  the  careless,  ignorant  criticism  of  Charles 
W.  Wilson.  We  invite  any  investigation  that  you  or  Mr. 
Wilson  may  see  fit  to  make. 

Cr.ESCENT  PoRTLAxn  Cemext  Co.. 

David  M.  Kirk,  President. 

Wampump,  Penn. 


Home-Made  Steam  Separator 

The  illustration  clearly  shows  the  construction  of  a 
steam  separator  made  of  pipe  fittings.  The  size  of  the 
fittings  used  will,  of  course,  vary  with  the  size  of  line  on 
which  the  separator  is  to  be  ])lace(l. 


ToEnc^ine 
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Tlie  t(.'o  .1  sliduUl  be  much  larger  than  the  steam  line 
to  allow  svitlieient  steam  to  get  through  the  separator. 
By  cutting  the  nipple  or  short  length  ot  pipe  B  on  an 
angle,  as  shown,  turning  the  long,  side  toward  the  direc- 
tion of  flow,  I  believe  more  water  can  be  taken  from  the 
steam  than  if  the  nipple  is  cut  straight  across. 

A  gage-glass  is  fitted  to  the  drop  leg  and  a  steam  trap 
]s  placed  iu  the  line  draining  this  leg. 

Mai;tix  McGiciaiY. 

Holley.  X.  Y. 

Diagrams  from  Air  Pump 

In  the  issue  of  Aug.  1  o,  Lester  A.  Fitts  has  given 
indicator  diagrams  from  the  steam  end  of  a  jet-condenser 
])ump.  The  action  of  this  type  of  machine  is  even  more 
clearly  shown  by  the  diagrams  lierewith  submitted,  from 
both  cylinders  of  an  nir-bi'akc  puiiiji  such  as  is  found  on 
every  steam  locomoti\c  and  is  dccasioiially  used  as  a  small 
indejiendent  compressor. 

The  diagrams  I  and  II  are  marked  S  and  ^-1  for  steam 
or  air  and  T  ami  7<  for  top  m-  lidttinn.    Arrow-heads  show 
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DiAGliAMS    FiJO.M   AlU   PlTjrP 

the  direction  of  tracing  by  the  jicncil,  and  two  kinds  of 
lines  are  used,  to  separate  the  two-cylinder  ends  distinctly 
and  to  show  which  diagrams  go  together:  thus  steam-top 
and  air-bottom  have  their  high-pressure  stroke  (steam 
admission  and  air  compression)  downward  and  their  low- 
pressure  stroke    (exhaust  and  suction)    upward. 

The  effect  of  and  need  for  the  peculiar  form  of  the 
steam  diagrams  are  made  clear  by  the  effective  pressure 
curves  at  III  and  lY,  from  steam  cylinder  and  air  cyl- 
inder, respectively.  These  are  derived  by  the  usual 
method  of  combining  pressures  on  the  two  sides  of  the 
piston.  Effective  steam  pressure  (III)  is  a  driving  force, 
in  the  direction  of  piston  motion,  when  measured  up- 
ward from  the  base  line;  effective  air  jiressurc,  wlu'ii 
similarly  measured  upward  at  lY,  is  a  resisting  forte 
opposing  the  movement.  The  manner  of  variation  of 
air  pressure  is,  of  course,  the  independent  and  determin- 
ing action,  to  ■which  the  steam  jircssurc  must  accommo- 
date itself.  A  very  close  comparison  of  curves  Til  and 
lY  will  bring  out  some  discrepancies,  apparently  due  to 
inaccuracies  of  indicator  movement,  but  on  the  whole 
the  agreement  is  very  good,  as  it  should  be.  The  two 
pictures  are  of  the  same  si^ie,  so  that  the  steam  and  air 
curves  are  directly  comparable. 

.V  feature  of  construction  which  has  a  strojig  influence 
upon    steam    action,   especially   iu    causing   throttling   of 


exhaust  and  liigli-back  pressure  during  the  first,  high- 
speed part  of  cacb  stroke,  is  the  use  of  very  small  stean 
ports.  In  this  i)articular  machine  the  port  area  is  onl) 
about  ij-y  of  the  piston  area,  as  against  a  ratio  of  about 
1  to  10  in  ordinary  engines. 

The  machine  is  rigged  for  indicating  by  putting  on 
a  light  extended  piston  rod,  tapped  into  the  lower  end 
of  the  main  rod.  This  passes  through  a  special  stutting- 
box,  which  replaces  the  plug  in  the  bottom  cylinder  head 
The  rod  drives  a  suitable  reducing  motion,  and  the  cylin- 
ders must  be  drilled  and  tapped  for  the  indicators.  This 
little  comjiressor  makes  a  \cry  effective  laboratory   iinit 

IiOBicKT  C.  II.  Heck. 

A'ew  firunswick,  X.  J. 

Jam  Nuts 

Your  note  at  the  f(iot  of  Charles  .Tablow's  letter  on 
"Jam  Xuts"  in  issue  of  Sept.  i),  will  not  hold  water 
You  say,  "it  is  both  necessary  to  obtain  the  maximum 
draft  liefore  setting  the  jam  nut  and  to  obtain  the  po- 
sition of  the  inside  nut  willumt  backing  it  against  the 
outside  nut/'  etc. 

With  your  method,  when  you  set  up  the  outside  nut 
you  displace  the  inside  nut  by  the  anuiunt  of  lost  mo- 
tion (and  all  nuts  have  some)  and  derange  your  bearing 
adjustment  by  just  so  much  ami  take  all  the  strain  on 
the  thill  nut.  I  believe  the  cut  is  correct  and  I  he  nolt. 
is   wrong. 

C.    II.    MAXXI.N(i. 

:\ran<liester,  X.  H. 


Why  Did  Hot-Water  Tank  Fail? 

The  failure  of  a  hot-watei'  tank,  described  by  Mr, 
C'ederblom  in  the  July  22  issue,  was  undoubtedly  due  tc 
the  breathing  action  of  the  tank  ends.  The  brealhiii.t; 
would  be  accentuated  by  the  high  pressure,  the  absence 
of  air  cushioning,  and  the  neglect  of  the  designer  to  ade- 
quately brace  the  ends  with  gusset  plates  or  by  othei 
means.  The  pitting  may  have  been  assisted  also  by  some 
deleterious  ingredient  in  the  water.  Even  with  properlv 
braced  Lancashire  and  Cnnii-h  hoih^rs  the  writer  has  fre- 
cjucntly  noticed  a  deii<le(|  cciideiny  to  "groove"  around 
the  turned-over  flange  ot  the  end  plates  (although  such 
action  does  not  usually  bec<]me  serious  until  the  boiler 
has  been  in  service  for  H)  lo  2(1  years)  and  in  practically 
every  case  (lie  oidy  reasiinaljle  cause  to  which  the  groov- 
ing could  be  assigned  was  the  breathing  action  which  uii- 
dnubledly  takes  place  to  some  extent  in  all  boilers,  no 
matter  how  well  they  are  staved. 

JoHX  S.  Lekse. 

ilanchester.  En-'. 


The  greatest  long-distance  power  transmission  in  soutli- 
ern  Asia  is  in  ttie  native  state  of  Mysore,  power  being:  tran.'!- 
mitted  from  the  Cauvery  falls  to  the  Kolar  goldflelds,  92  miles 
away,  and  to  the  cities  of  Mysore  and  Bangralore,  abont  40 
and  S6  miles  away,  respectively,  for  electric  lightins'  and 
power  purposes.  Nearly  all  of  the  hydro-electric  installation 
for  this  great  entei'prise  was  made  in  Schenectady.  N.  Y.. 
and  the  only  imports  connected  with  this  work  not  from  the 
United  States  were  waterwheels  imported  from  .Switzerland. 
An  important  extension  for  this  great  enterprise  has  re- 
cently been  started,  and  the  contract  for  all  machinery  ex- 
cept waterwheels  has  gone  to  the  TTnited  States.  Power  is 
sold    to   the  mining   companies  at   $4S   per   horsepower-yenr. 


P  0  W  E  R  Vol.  38,  No.  15 

iiiiiiiiiiliiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiniiiiiiiiiininiiiNiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin  iii i iiinniiiiiiiiiinnniiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiii| 

ENGINEERS'     STUDY     COURSE  i 


iiiiiiiiiiiiiiiiniiiiiiiiiniiiiiiiininiiiiiiiiiiiiiiiiniiiiiiiiiiiin iiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiii ii iiiiiiiiiiiii ii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiniiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiin?. 


Boiler  Efficiency — III 

After  a  test  has  been  coiuluctetl  considerable  work  re- 
ains  t©  be  done  in  figuring  out  the  results  so  as  to 
ake  the  report  complete.  Last  week  we  gave  an  exten- 
vely  used  form  of  test  report,  partly  filled  in  with  the 
ita  of  an  imaginary  test.  While  it  should  be  possible 
r  every  reader  who  has  followed  this  series  with  reason- 
)le  application,  to  fill  in  the  balance  of  the  report  with- 
it  further  illustration,  it  seems  desirable  to  present  the 
Jculations  in  full  here  to  serve  as  a  sort  of  review. 

Fuel 
The  first  item  to  be  calculated  is  the  total  weight  of 
:y  coal  supplied  to  the  furnace,  which  is  found  by  sim- 
y  multiplying  the  total  weight  of  coal  as  fired  by  100 
inus  the  percentage  of  moisture  and  dividing  by  100 


10,372  X  (100  —  "0 
lOU 


=  9G4G  lb. 


The  percentage  of  ash  and  refuse  in  the  dry  coal  equals 
le  total  weight  of  ash  and  refuse  taken  out  divided  by 
le  total  weight  of  dry  coal  supplied  and  multiplied  by 
)0,  as  follows : 

^^'  X  100  =  ID. (17  per  rrnt. 
964G  ^ 

To  calculate  th.e   proximate  analysis  of  the  dry   coal 

•om  the  analysis  of  the  coal  as  fired,  add  together  the 

ercentage    of    volatile    matter,    fixed    carbon    and    ash, 

ivide  each  in  turn  by  their  sum  and  multiply  by  100, 

lus : 

3.49  +  76.35  +  13.16  =  93 

hen,  the  jiercentage  of  volatile  matter  in  the  dry  coal  is 

3  49 

^_  X  100  =  3.75  2)er  cent. 


X  100  =  82.1  per  cent. 


X  100  =  14.15  per  rent. 


le  percentage  of  fixed  carbon  is 

76.35 
93 
iid  the  percentage  of  ash  is 

13.16 

The  same  proceedure  is  employed  in  calculating  the 
Qalysis  of  the  combustible  matter,  except  in  this  case 
le  percentage  of  ash  is  also  left  out.  This  analysis  is: 
olatile,  4.37,  and  fixed  carbon,  95.63  per  cent. 

Analysis  of  Ash  and  Refuse 
An  actual  analysis  of  the  ash  and  refuse  may  be  made 
1  the  same  way  and  with  the  same  apparatus  employed 
1  making  the  proximate  coal  analysis  or  the  analysis 
lay  be  estimated.  This  is  done  by  subtracting  the  es- 
mated  total  weight  of  real  ash  from  the  actual  total 
eight  of  ash  and  refuse,  dividing  the  difference  by  the 
itter  and  multiplying  by  100.  This  gives  the  percentage 
f  combustible  matter  in  the  ash  and  refuse  and  the  dif- 
Brence  between  this  figure  and  100  gives  the  percentage 


of    incoiiilnistib 
case  arc 


matter.      The    figures    in    the    present 


10,372  X  13.16 

loo 


i:!(;5  ///. 


stimatod  total  ash  and,  hence, 

1897  —  1365  =  532  Ih. 
unibustible  matter  in  the  ash  and  refuse,  making 

532 

%.  X  100  =  28  per  cent. 


and,  hence, 


1897 
cDiuliustibJe  matter  in  the  ash  and  rcfus 
100  —  28  =  72  /;('/•  rent.. 
incombustible  matter. 

The  average  weight  of  dry  coal  consumed  per  hour  is 
the  total  weight  consumed  divided  by  the  number  of 
hours,  or, 

9646  ^  10  =  964.6  Ih. 

!ii)d  the  pounds  consumed  per  square  foot   of  grate  per 

hour  is  the  total  weight  consumed  per  hour  divided  by 

the  area  of  the  grate  in  square  feet,  thus : 

964.6  H-  62  =  15.55  Ih. 

Heat  Value  of  Coal 
To  estimate  the  heat  value  of  the  dry  coal  the  chart 
given  in  the  June  10  lesson  will  be  required.  The  per- 
centage of  fixed  carbon  in  the  combustible  matter  has 
just  been  found  to  be  95.63.  Locating  this  point  on  the 
bottom  of  the  chart  printed  in  the  June  10  issue  and 
tracing  a  vertical  line  up  to  the  curve,  then  across  to 
the  left  margin  shows  that  the  heat  value  of  the  com- 
bustible should  be  about  14,900  B.t.u.  per  lb.  As  the 
combustible  matter  composes  but  85.85  per  cent,  of  the 
dry  coal,  the  heat  value  of  1  lb.  of  dry  coal  will  be  but 
85.85  per  cent,  of  that  of  1  lb.  of  combustible,  or, 

1^-900  X  ^^-^^  =  12,792  B.t.u. 
100 

and.  as  the  combustible  matter  in  1  lb.  of  coal  as  fired 

equals  only  79.84  per  cent.,  the  heat  value  of  1  lb.  of 

coal  as  fired  is  onlv 

14,900  X  79.84  ^  ^_^_^^_ 

100 

To  estimate  the  heat  value  of  the  combustible  from 
the  heat  value  of  the  dry  coal  as  shown  by  the  calorimeter 
test  it  is  simply  necessary  to  invert  the  latter  part  of  the 
above  process.  The  12,600  B.t.u.  shown  by  the  calorim- 
eter to  be  the  heat  value  of  1  lb.  of  dry  coal  is  really  the 
heat  value  of  the  0.8585  lb.  of  combustible  contained  in  a 
pound  of  coal.  Hence,  the  heat  value  of  one  whole  pound 
of  combustible  must  be 

12,600  -^  0.8585  =  14,677  B.i.u. 

The  heat  value  of  the  coal  as  fired  is  figured  from  the 
heat  value  of  the  dry  coal,  as  shown  by  the  calorimeter 
in  exactly  the  same  manner  as  in  the  case  of  the  esti- 
mated values  Just  illustrated.  Thus,  the  heat  value  of 
the  coal  as  fired  is 

12,600  X  93 


100 


=  11,718  B.t.t^.  per  Ih. 


i 


October  7,  1913 


P  0  W  E  E 


517 


MoisTUKE  IX  Steam 

The  quality  of  the  steam  may  be  estimated  by  the  for- 
iiiuhi  given  in  the  Sept.  16  issue  as  follows: 


«=-<-^- 


It)  +  0.46  {T  —  T^) 
L 


For  the  conditions  of  the  lest  H,  the  total  heat  of  dry- 
saturated  steam  at  atmospheric  pressure,  equals  1150.4 
l>.t.u.  per  lb. ;  h,  the  heat  of  the  liquid  corresponding 
with  the  pressure  carried  in  the  boiler,  equals  300.6  B.t.u. 
jier  lb.;  T,  the  temperature  on  the  discharge  side  of  the 
steam  calorimeter,  equals  (see  last  week's  lesson)  273 
deg.  F. ;  Ti,  temperature  of  saturated  steam  at  atmos- 
pheric pressure,  equals  S12  deg.,  and  L,  the  latent  heat 
of  steam  at  the  boiler  pressure,  equals  886.3  B.t.u.  per 
lb.  Substituting  these  values  in  the  formula  we  have 
(1150.4  —  300.6)  -f  0.46  (373  —  312) 


Q  = 


886.3 
849.8  -t-  27.6 
886. o 


=  u.yo 


or  99  per  cent.,  which  means  tliat  there  was 

100  —  99  =  1  per  cent. 
of  moisture  in  the  steam. 

The  water  fed  to  the  boiler  per  hour  is  the  total  water 
fed  divided  by  the  number  of  hours,  thus : 
83,125  -^  10  =  8312.5  Ih. 
The  water  actually  evaporated  per  hour  is  tlie  water 
fed  per  hour  multiplied  by  the  quality  of  the  steam  ex- 
pressed as  a  decimal  fraction,  or, 

8313.5  X  0.99  =  8229.4  lb. 
The  formula  of  calculating  the  factor  of  evaporation, 
as  given  in  the  Sept.  9  issue,  is 

(//  -  0  +  32 
970.4 
For  the  conditions  of  the  test    //,  the  total  lieat  alcove 
32  deg.   in  the  steam  at  boiler  pressure,  equals   1186.9 
B.t.u.  per  lb.,  and  i,  the  temperature  of  the  feed  water, 
is  199  deg.     Substituting  in  the  formula,  we  have 
_  (1186.9  -  199)  +  32  _ 
^   ~  970.4  "  ^-"^^ 

The  actual  equivalent  evaporation  per  hour  is  the 
actual  evaporation  per  hour  multiplied  by  the  factor  of 
evaporation,  thus: 

8229.4  X  1-051  =  8649  Ih. 
The  horsepower  developed  is  the  average  actual  equiva- 
lent evaporation  per  hour  divided  by  34.5;  hence,  the 
horsepower  developed  in  the  present  test  was 
8649  ~  34.5  =  250.7 
The  percentage  of  builders'  rating  developed  is  found 
by   dividing   the   hor.sepower   actually   developed    by   the 
builders'  rating  and  multiplying  by  100,  thus : 
2.50.'; 


220 


X  100  =  114  per  cent. 


The  water  apparently  evaporated  per  pound  of  coal  as 
fired  under  actual  conditions  equals  the  water  actually 
fed  per  hour  divided  by  the  weight  of  coal  per  hour  as 
fired,  or, 

8312.5  -^  1037.3  =  8.01  lb. 

The  actual  equivalent  evaporation  per  pound  of  coal 
as  fired  eqxials  the  above  figure  multiplied  by  the  quality 
of  the  steam  (expressed  as  a  fraction)  and  the  factor 
of  evaporation,  thus : 

8.01  X  0.99  X  1.051  =  8.33  Ih. 


The  actual  equivalent  evaporation  per  pound  of  dry 
coal  fired  equals  the  actual  equivalent  evaporation  per 
hour  divided  by  the  number  of  pounds  of  dry  coal  sup- 
plied per  hour,  or, 

8649  -^  964.6  =  8.97  Ih. 

In  estimating  the  analysis  of  the  ash  and  refuse  we 
found  that  a  total  of  532  lb.  or  53.2  lb.  of  combustible 
matter  fell  through  the  grate  to  the  ashpit. 

The  dry  coal  fired  per  hour  weighed  964.6  lb.  and  ol: 
this  85.85  per  cent.,  or  838.1  lb.,  was  combustible  mat- 
ter. Hence,  the  percentage  of  combustible  matter  falling 
to  the  ashpit  was 

|g  X  100  =  0.43  ,.r..«/. 

As  the  combustible  nuittcr  comprised  85.85  per  cent,  of 
the  dry  coal  and  as  all  the  heat  was  furnished  by  the 
combustible  matter,  it  is  evident  that  the  8.97  lb.  actual 
equivalent  evaporation  per  pound  of  dry  coal  fired  was 
really  8.97  lb.  actual  equivalent  evaporation  per  0.8585 
lb.  combustible  matter  fired.  Hence,  the  actual  equiva- 
lent evaporation  ])er  pound  of  comlnistible  fired  must  be 

'^:"'     =  lu.45  Ih. 
().8.d8.3 

But,  6.42  per  cent,  of  the  comlmstible  fired  fell  into  the 
ashpit,  was  unburned  and,  hence,  supplied  no  heat.  There- 
fore, the  10.46  lb.  actual  equivalent  evaporation  -pei 
pound  of  combu.stible  fired  is  10.45  lb.  per 

11)0  —  6.45 


100 


=  0.9355  lb. 


lb. 


X  100  =  73.58  2}er  cent. 


of  combustible  burned,  or, 

10.45-^  0.9355  =  11.17 
per  pound  of  combustible  burned. 

The  heat  absorbed  per  pound  of  combustible  burned 
equals  the  number  of  pounds  of  actual  equivalent  evap- 
oration per  pound  of  combustible  burned  multiplied  bj 
the  latent  heat  of  steam  at  atmospheric  pressure,  oi 
970.4.  Then,  in  the  present  case  the  heat  .ibsoroed 
equals 

11.17  X  9'^0.4  =  10,839  B.t.u. 
and,  as  the  heat  value  of  a  pound  of  combustible    vas 
found  to  be  14,677  B.t.u.,  the  efficiency  of  the  boiler  is 

10,839 

14,67' 

In  a  similar  way  the  efficiency  of  the  boiler  and  grate 
equals  the  actual  equivalent  evaporation  per  pound  oi 
coal  fired,  multiplied  by  970.4  and  divided  by  the  heal 
value  of  1  lb.  of  coal  and  all  multiplied  by  100,  thus: 

^•'^^  X  "^Q--^  X  100  =  69  ,;.,-  cent. 
12,600  ^ 

If  the  actual  e(|uivalent  evajioratiou  per  ]iound  of  coal 
as  fired  was  8.33  lb.,  the  number  of  pounds  of  coal  as 
fired  required  to  evaporate  1000  lb.  of  water  from  and  at 
312  deg.  was 

1000  -^  8.33  =   120 
and  as  this  quantity  is 
130 
2000 

of  one  ton,  the  cost  of  evaporating  1000  lb.  of  water  was 
2.90  X  6 


X  100  =  6  per  rent. 


100 


=  $0,174 
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OVER   THE   SPILLWAY    j 

JUST      JESTS,     JABS,     JOSHES      AXU     JUMBLES        j 

Several  German  students  refused  to  toast  their  emperor 
in  beer  on  his  recent  jubilee.  One  was  expelled,  one  sentenced 
to  confinement  in  the  university  dungeon.  Rather  than  oc- 
cupy a  dungeon  cell,  we'd  toast  Anthony  Comstocli  in  hunyadi 
water. 

Prof.  Munier  has  forsaken  his  pedagogical  career  to  go 
into  business  for  himself.  He's  selling  peanuts,  popcorn,  hot 
dogs  and  ice-cream  cones.  Here's  a  tip  to  our  professorial 
friends  now  teaching  the  young  idea  how  to  shoot,  and  whose 
emoluments  are  too  little.  This  is  a  business  age.  and  we 
need  the  dough.  Selling  peanuts  is  the  only  shell  game  where 
you    find    the   little   pea   under   the   shell   yini    bet   on. 

Oil  has  seeped  into  the  crematory  business.  One  of  its 
advantages  is  that  complete  incineration  takes  place  in  two 
hours — you're  just  ruined  if  they  get  you!  While  cremation 
may  never  become  so  popular  as  the  seventy-two-dollar 
funeral,  if  you  have  a  hunch  that  you'd  like  this  type  of  ash- 
handling  machine  in  yours,  the  oil-burner  may  appeal   to  you. 

"The  Boston  Elevated  does  not  pay  its  president  .$36,000 
and  other  officials  from  $4000  to  .$15,000  a  year  because  it 
wants  to,  but  because  it  has  to.  Ability  comes  high!"  Try 
this  argument  on  the  boss  if  you  thinlv  you  can  get  away 
with    it. 

It's  marvelous,  the  growth  of  the  refrigerating  industry  in 
these  United  States.  Its  machinery  is  capable  of  turning  out 
nearly  20,000,000  tons  of  ice  yearly  and  it  has  an  invested 
capital   of   $150,000,000.      "What,   no  ice?     Geddap! 

Multimillionaires'  incomes  are  largely  imaginary  and 
trifling,  says  a  contemporary,  wlien  compared  with  the  sav- 
ings of  us  small  fry.  We  don't  speak  to  over  a  dozen  of 
these  "multi"  chaps,  but  we're  sympathetic,  all  right.  Who's 
suffering   now? 

Prof.  Wirth  of  Germany  has  invented  a  method  of  con- 
trolling fast-moving  trains  by  electric  waves.  We  have  a 
new  haven  over  here  fou.  a  few  bunches  of  Jiny  old  kind  of 
waves  which  will  stop  trains  before  they  stop  themselves  by 
running  into  something. 


Our  human  nature  is  sure  funny.  When  Mayor  Gaynor 
was  alive  the  great  majority  of  the  press  and  the  people  sel- 
dom missed  a  chance  to  ridicule  or  sneer  at  him.  The  other 
day  the  editorial  and  news  columns  lauded  him  to  the  skies 
and  hundreds  of  thousands  of  that  dear  public  lined  the  side- 
walks as  the  funeral  procession  passed,  baring  their  heads 
to  do  him   reverence.      Say.   we  are  funny! 


There's  more  than  seven  hundred  billion  tons  of  coal  in 
the  world's  reserves.  Coal  is  about  the  only  thing  that  isn't 
almost  ruined  by  the  early  frost  every  spring,  thereby  send- 
ing the  price  up  into  the  heavens.     Let's  be  thankful  for  that. 

Nobody  knows!  After  forty  years'  service  as  an  engineer, 
unmarred  by  a  single  accident,  Irwin  De  Raney  was  killed  in 
the  yard  five  minutes  after  affectionately  patting  his  old  lo- 
comotive and  bidding  his  friends  goodby.  De  Raney  had 
just    retired    and    the    next   day   was    to   be    put   on    the    pension 


There's  a  movement  on  foot  to  have  an  electrical-resusci- 
tation hero  medal  for  men  who  save  the  lives  of  victims  of 
electric  shock.  It's  a  good  stunt  if  for  no  other  reason  than 
the  examination  before  the  award  compels  the  hero  to  give 
some    valuable    information    as    to    how    he    did    it. 


Electricity  has  taken  to  the  woods  and  has  driven  the 
picturesque  lumber-Jack,  some  of  him  at  least,  from  his  old- 
time  trade.  A  motor-driven  timber-hauling  and  loading  ap- 
paratus now  clears  a  radius  of  4000  ft.  without  having  to 
move  the  outfit.  Next  they  will  be  cutting  and  driving  by 
electricity — perhaps. 


Getting  to  Work  under  the  New 
Indiana  Inspection  Law 

Thirty  ))oiUr  insurance  company  officials,  attaches  of  tlii' 
state  boiler-inspection  department,  and  John  Gallavin,  boihi 
inspector,  under  the  state  bureau  of  inspection,  held  a  meel- 
ing  in  the  house  of  representatives  at  the  state  house  recent- 
ly, to  discuss  the  Indiana  boiler  inspection  law,  passed  by  the 
1!I13  legislature.  The  meeting  was  called  by  Mr.  Gallavin  l- 
study  the  question  of  the  application  of  the  new  law  through- 
jut  the  state.  A  desire  to  avoid  confusion  in  the  interpreta- 
tion of  the  statute  was  responsible  for  the  meeting,  Mr.  Galla- 
vin said.  Supervisors  of  boiler  insurance  companies  from 
several  states  appeared  at  the  meeting. — "Indianapolis  News." 

National  Tube  Co.  Awards  Prize 

.\t  the  Springfield  Convention  of  the  N.  A.  S.  E.  the  National 
'I'ube  Co.  exhibited  an  N.  T.  C.  regrinding  valve  which  had 
l:)een  used  for  several  years  on  a  machine  testing  KewaneQ 
unions.  Engineers  were  given  an  opportunity  to  guess  how 
many  times  it  had  been  opened  and  closed,  the  number  ot 
times  corresponding,  under  the  conditions  of  its  use,  to  the 
number    of   unions   tested. 

An  affidavit  was  on  file  signed  by  Mr.  Marshall,  of  the 
National  Tube  Co.,  Kewanee  "R'orks,  to  the  effect  that  it  had 
been  opened  2,650,000  times,  and  the  nearest  estimate  %vas  that 
submitted  by  William  H.  White,  61  Fulton  Ave.,  Rochester, 
N.  Y..  superintendent  of  the  Rochester  Railway  &  Light  Co., 
his  estimate  being  2,648,500  times.  Mr.  White  received  the 
walrus-skin  bag  which  was  offered  to  the  person  making  the 
neaiest  estimate. 

W.  A.   Blonck  Lectures  on  Boiler 
Practice 

On  Monday  evening,  Sept.  20,  W.  A.  Blnncli,  of  Chicago,  in- 
ventor of  the  Blonck  boiler  efficiency  meter,  gave  a  very  in- 
teresting talk  before  Newark,  N.  ,1.,  No.  3  Association  of  the 
N.  A.  S.  E.  About  120  engineers  heard  Mr.  Blonck.  The  lec- 
ture   was    by    direction    of   the    State    Educational    Committee. 

Mr.  Blonck  deplored  the  lack  of  thorough  standardization 
in  Ijoiler  furnace,  stoker  and  chimne.v  construction  and  de- 
sign, stating  that  he  did  not  expect  one  standard  to  answer 
for  the  East  and  West,  with  their  varying  fuel  conditions,  but 
there  was  no  reason  why  these  things  should  be  installed  on 
the  hit-or-miss  plan  now  so  common.  Tlie  speaker  claimed 
that  investigations  in  numerous  plants  led  him  to  believe 
that  where  stoliers  were  installed,  the  engineers  did  not  give 
the  stokers  the  attention  required  for  Ij^'St  results,  and  hence 
these  boiler  plants  were  not  operating  as  efficiently  as  or- 
dinary   hand-fired    plants. 

Charts  showing  curves  of  CO^  percentages  and  steam  in 
pounds  as  shown  Ijy  steam  flow  meters  in  the  Fisk  St.  station 
of  the  Chicago  Commonwealth  Edison  Co.,  where  120  lioilera 
are  installed  and  where  4000  tons  of  coal  is  burned  per  day, 
were  shown.  The  steam  quantity  line  as  plotted  from  records 
made  by  a  steam-flow  meter  showed  very  great  fluctuations 
whicli  did  not  check  with  the  lines  plotted  to  show  the  indi- 
cations of  tile  Blonck  boiler  efficiency  meter  attached  to  the 
boiler  being  tested.  Investigation  showed  that  these  fluc- 
tuations were  not  due  to  any  changes  in  the  furnace  or  in  the 
intensity  of  the  fire,  but  to  the  water  tender  opening  the 
feed  valve  admitting  much  feed  water  (at  212  deg.  F.),  thus 
momentarily  reducing  the  steam  production.  The  increase 
lines  ot  the  peaks,  indicating  a  sudden  increase  in  production, 
were  caused  by  sudden  demands  for  steam  which  reduced  the 
pressure  enough   to  cause  much  water   to   flash  into   steam. 

The  speaker  stated  that  investigations  by  himself  revealed 
that  drops  as  great  as  from  140  to  60  per  cent,  boiler  rating 
occurs,  due  to  the  causes  mentioned  above  and  not  to  any 
changes  in  furnace  temperature  or  volume  ot  gases  passed. 
For  this  reason  one  should  be  careful  not  to  lilarae  furnace 
conditions  for  all  steam  quantity  fluctuations  indicated  by  a 
steam   flow   meter. 

.\  practice  condemned  by  the  speaker  and  one  which  lie 
said  was  unbelievably  common  was  that  of  running  lioilers 
underloaded.  Mr.  Blonck  mentione  1  numerous  plants  recently 
visited  by  him,  where  there  were  three  or  more  boilers  to  3 
plant  and  each  boiler  was  operating  at  half  load  and  some- 
times less.  When  a  boiler  cannot  be  run  steadil.v  at  about 
125  per  cent,  rating  without  burning  the  arches  and  setting, 
the  spealser  said,  there  was  something  wrong  with  the  set- 
tings, yet  this  condition  is  by  no  means  uncommon.  He 
pointed  out  that  there  was  a  too  credulous  acceptance  of  the 
apparent  fact  that  maximum  draft  meant  maximum  steam 
production. 
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Third  International  Congress  of  Refrigeration 


The  Third  International  Congress  of  Refrigeration  is  now 
a  matter  of  history.  Delegates  to  the  number  of  147  from 
20  foreign  countries  were  present  and  600  from  our 
own  country  were  registered.  A  large  number  of  papers 
were  presented,  some  of  exceptional  interest,  and  an  excellent 
exposition  of  refrigerating  machines,  materials  and  processes 
added  greatly  to  the  interest  of  the  meeting,  as  America's 
latest  and  best  achievements  in  the  refrigerating  line  were 
there  and  thus  showed  in  the  best  possible  way  the  present 
state  of  the  art.  Other  associations  and  societies  related  to 
the  refrigerating  field  held  their  conventions  at  Chicago  dur- 
ing the  Congress,  so  that  upward  of  2500  men  interested  in 
refrigeration  or  cold  storage  were  present  to  take  some  part 
in  America's  first  Congress. 

During  the  week  of  Sept.  7  to  13.  many  of  the  foreign 
delegation  arrived  in  New  York  and  spent  the  time  sight 
seeing  in  and  about  the  city  until  Sunday.  Sept.  14.  when 
the  entire  party  left  for  Washington.  On  Monday.  Sept.  15. 
the  formal  organization  of  the  Third  International  Congress 
of  Refrigeration  was  effected  at  the  auditorium  of  the  National 
Museum  in  Washington.  Dr.  F.  W.  Gunsaulus.  of  Chicago, 
president  of  the  Congress,  presided.  In  the  absence  of  the 
President  of  the  United  States,  William  Jennings  Bryan  ex- 
tended a  semi-official  welcome.  Doctor  Gunsaulus  in  the 
opening  address  pointed  out  that  "waste  of  food  is  a  crime 
against  civilization."  and  that  the  remedy  was  to  be  found 
in  refrigeration.  A  few  remarks  on  the  organization  of  the 
Congress  were  made  by  W.  J.  Rushton.  of  Birmingham,  Ala. 
president  of  the  American  Association  of  Refrigeration.  Andre 
Lebon,  president  of  the  International  Association  of  Re- 
frigeration, ex-Minister  of  the  Colonies  and  ex-Minister  of 
Commerce,  Paris,  France,  was  then  presented  and  thanked 
the  American  Government  for  the  hearty  welcome  extended. 
Short  addresses  by  representatives  of  various  countries  fol- 
lowed and  the  rest  of  the  day  "was  spent  in  seeing  sttme  of 
the  attractions  of  Washington.  In  the  evening  an  official  re- 
ception was  given  at  the  Pan-American  Union  Building.  On 
Tuesday  morni-ig.  President  Wilson  returned  in  time  to  greet 
the  delegates,  who  immediately  left  for  Chicago,  the  center 
of  the  cold-storage   industry   in   this  country. 

Hotel  La  Salle  was  headquarters  for  the  Congress.  Wed- 
nesday morning.  Sept.  17,  was  given  over  to  registration  and 
an  official  welcome  to  Chicago  by  Corporation  Counsel  Sex- 
ton, acting  in  behalf  of  Mayor  Harrison  who  was  absent 
from  the  city.  In  the  afternoon  the  six  sections  of  the  Con- 
gress held  their  opening  organization  sessions,  which  were 
short  and  consisted  of  presidential  addresses,  announcement 
of  honorary  presidents,  reading  of  rules  and  regulations  and 
the  reports  of  commissions.  Thereafter  with  the  exception  of 
Friday,  when  everybody  went  to  Milwaukee,  one  session  was 
held  daily,  the  balance  of  the  time  being  devoted  to  enter- 
tainment,   sight-seeing   and    social   functions. 

Many  of  the  papers  presented  before  the  six  sections  are 
not  of  special  interest  to  "Power"  readers,  but  the  following 
complete  prograiti  of  the  papers  will  give  some  idea  of  the 
scope    and    nature    of    the    subjects    treated. 

SECTION  I.      LIQUIFIED   GASES   AND   UNITS 

President.  William  Kent;  vice-president,  D.  S.  Jacobus; 
secretr, I'y,   Calvin   W.   Rice. 

Papers:  "Lecture  on  Liquid  Air  and  Its  Uses."  by  Georges 
Claude;  "Notes  on  the  Work  of  the  .Section  for  Physics.  Chem- 
istry and  Thermometry  of  the  First  International  Commis- 
sion of  the  International  Association  of  Refrigeration."  l>y 
Prof.  H.  Kamerlingh  Onnes;  "Critical  Point  of  CO^ — a  Pos- 
sible New  State  of  Matter,"  by  Gardner  T.  Voorhees;  "Report 
on  the  Unification  of  the  Values.  LTnits.  Terms  and  Symljols 
Used  in  the  Refrigerating  Industry."  by  P.  Juppont;  "Essay 
on  the  Equations  of  Dimensions."  by  P.  Juppont;  "Observa- 
tions and  Propositions  Relative  to  the  Nomenclature  and  the 
Formation  of  Symbols  for  Refrigeration  Values."  by  P.  Jup- 
pont; "The  Latent  Heat  of  Fusion  of  Ice."  by  H.  C.  Dickin- 
son. D.  R.  Harper  and  N.  .S.  Osborne:  "Heat  from  the  Fusion 
of  Ice,"  by  A.  Leduc:  "Discussion  of  Earlier  Measurements  of 
the  Thermodynamical  Pi-operties  of  Ammonia  and  Methyl- 
chloride,"  by  G.  Hoist;  "Some  Physical  Properties  of  the  Liq- 
uid and  Gaseous  Phases  of  Ammonia."  by  Robert  B.  Brown- 
lee.  Henry  A.  Babcocli  and  Frederic  C.  Keyes;  "Optical  Mag- 
netic Phenomena  at  Very  Low  Temperatures.  Divers  Phenom- 
ena of  Phosphorescence  at  Very  Low  Temperatures.  Hall's 
Phenomena  at  Low  Temperatures,"  by  Jean  Becquerel;  "Pro- 
duction   of   Hydrogen."    by    Dr.    P.    Linde. 

SECTION    II.       REFRIGERATING    MACHINERY    AND    INSLT- 
L.VTING    M.ATERIALS 

President.  Dr.  Alexander  C.  Humphreys;  vice-president. 
N.   H.   Hiller:   secretary.  Van   Renselaer  H.   f!reen. 


Papers:  "What  Thickness  of  Insulation  Should  Be  Used  in 
Refrigerating  Plants,"  by  Ernst  Rossner:  "Insulation."  by 
R.  L.  Shipman;  "Compressed  Exhaust  Steam  for  Ice  Making 
and  Refrigeration — New  Method  and  Apparatus,"  by  Gardner 
T.  Voorhees;  "Some  Suggestions  as  to  Speed  Rating  for  Am- 
monia Compressors,"  by  Horace  C.  Gardner;  "Multiple  Effect 
Absorption  Machines  and  Their  Employment  for  Heating." 
by  Edmund  Altenkirch;  "The  Refrigerating  Machine  as  a 
Heating  Means — Reversible  He.ating,"  by  Bernard  Tenchkof; 
"Preliminary  Report  from  the  Thermal  Testing  Plant  of  the 
Pennsylvania  State  College."  by  J.  A.  Moyer;  "Comparative 
Installation  and  Operating  Cost  of  a  Combined  Ice  Manufac- 
turing and  Cold  Storage  Plant,"  by  R.  H.  Tait  and  L.  C.  Nord- 
meyer;  "On  a  Method  of  Calculating  the  Thickness  of  the  In- 
sulating Walls  of  Cold  Storage  Rooms."  by  M.  L.  Marchis: 
"Concrete  in  Cold-Storage  Warehouse  Construction,"  by  J.  H. 
Libberton;  "Telethermometers  and  Telehygrometers  for  Cold 
Stores."  by  F.  W.  Robinson;  "Multiple  Effect  Compressors  and 
Multiple  Effect  Receivers."  by  Gardner  T.  Voorhees;  "A  New 
Air  Refrigerating  Machine  Eliminating  the  Use  of  Water."  by 
C.   Monteil 

SECTION     III.        APPLICATION      OF      REFRIGERATION     TO 
FOOD 

President.  Dr.  Harvey  W.  Wiley;  vice-president.  C.  H. 
Parsons;    secretai-y.    Dr.    M.    E.    Pennington. 

Papers:  "Australia  and  New  Zealand  as  Sources  of  Meat 
Supply,"  by  A.  W.  Pearse;  "Factors  Influencing  Changes  in 
Storage  Butter,"  by  L.  A.  Rogers;  "The  Different  Methods  of  Re- 
frigeration Compared  from  the  Standpoint  of  the  Hygrometric 
Conditions  of  the  Air  in  the  Cold  Rooms,"  by  A.  Blanchet; 
"Source  and  Distribution  of  Fi'uits  and  Vegetables  Handled 
in  the  Minnesota  Primary  Markets."  by  C.  W.  Thompson;  "Lo- 
cal Cold  Storage  in  Canada."  by  J.  A.  Ruddick;  "Wisconsin 
as  a  Factor  in  the  Nation's  Supply  of  Butter,"  by  Prof.  C.  E. 
Lee;  "Bacterial  and  Enzymic  Changes  in  Milk  and  Cream 
Kept  at  0  deg.  C,"  by  Pennington,  Hepburn  and  St.  John; 
"Preservation  of  Eggs  by  Refrigeration  in  Sterile  Air."  by 
M.  F.  Lescarde;  "Application  of  Refrigeration  to  Fruit  Juices," 
by  H.  C.  Gore;  "Notes  on  Investigation  of  Better  Methods  for 
Preserving  Pish  by  Artificial  Cold."  by  S.  M.  Bottemanne: 
"The  Use  of  Refrigeration  in  the  Preparation  of  Dried  Cul- 
tures   of    Bacteria."    by    L.    A.     Rogers^ Rural    Cold-Stoiaigt^ 

Plants — A  Scientific  and  Economic  Necessity,"  by  P.  H.  Bryce; 
"Vital  Statistics  of  Refrigeration — Its  Present  Status  in  Dif- 
ferent Countries  of  the  World,"  by  A.  W.  Pearse;  "Speculation 
as  an  Element  in  the  Cold  Storage  of  Food.  "  by  Herbert  H. 
Pease;  "The  Effect  of  Prolonged  Cold  Storage  on  the  Chem- 
ical Composition  of  Fish."  by  W.  G.  Gies;  "Report  of  Worlv 
Done  by  Scientific  Members  of  the  Commission  for  the  In- 
vestigation of  Better  Methods  of  Preserving  Pish  by  Arti- 
ficial Cold,"  by  A.  B.  Droogleever-Fortuyn;  "The  Fish  Pro- 
duction of  the  Great  Lak-s  of  the  United  States  and  Canada 
and  the  Practical  Application  i.f  Refrigeration  on  Freezer 
Storage,"  by  C.  C.  Robbins;  "The  Pish  Production  of  the  Pa- 
cific Coast  of  the  United  States  and  Alaska  and  the  Practical 
Application  of  Refiigeration  on  Freezer  Storage."  by  J.  J. 
Maddock;  "Freeze:-  Storage  as  Applied  to  the  Pish  Produc- 
tion of  the  New  England  Section  and  the  Atlantic  Coast  of 
the  United  States."  by  M.  J.  Talson;  "Observation  on  the  I'so 
of  Refrigeration  and  Freezer  Storage  in  the  Pish  Industry  of 
the    United    States."    by    Kenneth    Fowler. 

SECTION    IV.       INDUSTRIAL    REFRIGERATION 
President.    M.    L.    Holman;    vice-president,    R.    H.    Tait;    sec- 
retary.  Prof.   E.   H.   Ohle. 

Papers:  "The  Relation  of  Refrigeration  to  Biological  Materia 
Medica."  by  A.  W.  Parker  Hitchens,  M.  D.;  "The  Condensation 
and  Conservation  of  Wine  and  New  Wine  by  Means  of  Cold," 
by  Dr.  Johannes  Caspar:  "Progress  Made  in  the  Use  of  Lovv 
Temperatures  in  the  Textile  Industry."  by  Dr.  P.  Erban: 
"Pipeline  Refrigeration."  by  G.  P.  Bein;  "A  New  Method  of 
Ventilation  for  Dry  Air  Cold  Storage  Plants  Using  Natural 
Ice,"  by  Anton  Genert;  "Air  Cooling  and  Dehumidifying,"  by 
J.  I.  Lyle;  "Artificial  Ice  Making  and  Refrigeration  from  the 
Standpoint  of  the  Central  Station."  by  C.  H.  Stevens;  "Re- 
frigerating Process  for  Purifying  Hydrochloric  Acid,"  by  A. 
Le  Roy;  "Application  of  Refrigeration  in  the  Chocolate  In- 
dustry," by  L.  Bordenave:  "The  Employment  of  Refrigetrati.ig 
Machines  in  the  Austrian  Paraffin  Industry,"  by  Phillip 
Porges;  "Cryotheraphy."  by  Prof.  Bordas;  "Outdoor  Artificial 
Ice  Rinks.  Their  Management  and  Hygienic  Importance,"  by 
Edward  Engelmnn;  "Refrigeration  in  the  Perfumei^y  In- 
dustry." by  C.  de  Chessin  Cherchevsky:  "Ice  Formation."  by 
R.  A.  Barnes;  "Cost  of  Manufacture  in  Dis-tUled  Water  Ice 
Plants."   by    Peter   Neft;    "Application    of   Refrigeration    in    the 
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i-ewery."  by  A.  Blanchet:  "Proper  Temperatures  to  Carry 
urs  (iiid  Fabrics."'  by  Albert  M.  Read;  "A  Study  of  Refriger- 
tion  in  the  Home  and  the  Efficiency  of  Household  Refrig- 
lation,"  by  John  R.  Williams;  "Refrigeration  and  Central 
tation   Service,"   by  Charles   J.   Carlsen. 

ECTION  V.    RAILWAY  AND  STEAMSHIP  REFRIGERATION 
President,  W.  C.  Brown;  vice-president,  C.  M.  Secrist;  sec- 
3tary,   E.   F.   McPike. 

Papers:  "Dimensions,  Proportions,  Capacity  and  Insula- 
on  of  Refrigerator  Cars,"  by  R.  H.  Parks;  "Organization  for 
ransportation  of  Perishable  Products  under  Refrigeration," 
y  J.  S.  Leeds;  "Theory  and  Practice  of  Using  Ice  in  Transit 
3  Pipvent  Freezing  of  Perishable  Goods,"  by  Peter  NefE; 
Practical  Means  of  Shifting  Refrigerating  Cars  on  Tracks 
f  Different  Gages,"  by  A.  Charron;  "Transportation  of  Per- 
shable  Freight  on  the  Russian  Railways,"  by  Prof.  D.  N. 
olovine:  "The  Need  of  Uniform  Regulations"  and  Supervision 
f  Refrigerated  Transportation  by  Rail,"  by  Richard  Bloch; 
Coordination  of  the  Efforts  of  the  Great  Steamship  Cora- 
anies  and  the  Railroad  Companies  in  Behalf  of  Refrigerated 
'ransportation,"  by  Richard  Bloch;  "Laws  and  Regulations 
Ic-i^ti  e  'T  the  Transportation  of  Perishable  Commodit!es." 
1.:hard  Bloch;  "Progress  in  France  in  Refrigeratei  Trans- 
crt£tion  by  Sea,"  by  Maurice  Roux;  "Transportation  of  Per- 
5hable  Goods  by  Barges,"  by  Walter  B.  Pollock;  "Relative 
!onsideration  of  the  Need  of  a  Comprehensive  Organization 
y  Transportation  Companies,"  by  A.  M.  Mortensen;  "Meth- 
<ls  of  Preeooling  Perishable  Goods,"  by  B.  'W.  Redfern; 
Handling  Manufactured  Ice  at  Icing  Stations."  by  H.  B. 
\'ood;  "Method  of  Protecting  Perishable  Freight  from  Loss 
nd  Damage  in  Freezing  Weather  and  the  Use  of  the  Record- 
ng  Thermometer,"  by  William  Maclaier;  "Methods  of  Pre- 
ooling  Perishable  Goods  at  Loading  Points,"  by  C.  M.  Sec- 
ist;  "Facilities  Maintained  by  Railroads  for  Replenishing  Ice 
or  Refrigeration  in  Transit,"  by  C.  M.  Secrist;  "Refrigeration 
n  Ocean  Steamships,"  by  C.  J.  Beck;  "Mechanical  Traction  of 
lerchandise  and  the  Use  of  Trucks  on  Tramway  Tracks  for 
vunning  Refrigerator  Cars  over  Traci;s  of  Different  Gage," 
.y  Emile  Druart;  "The  Refrigeration  of  Dressed  PvUltry  >n 
rVansit,"  by  M.  E.  Pennington  and  A.  D.  Greenlee;  "The  Ad- 
•antages  of  a  Combination  Heater  and  Refrigerat.i.-  Car,"  oy 
V.  E.  Sharp;  "Consideration  of  the  Necessity  of  Uniform  R^s- 
ilations  to  Facilitate  and  Control  the  Circulation  of  Refrig- 
rator  Cars  in  Interstate  Commerce,  Including  Their  Possiole 
rransfer  in  the  Loaded  State  to  Boats  Over  Ri^  ers  and  Other 
Sodies  of  Water,"  by  H.  M.  Wigney;  "Consideration  of  the 
.leans  at  Present  Employed  in  Railway  Cars  for  Eftectin.T 
lefrigerated  Transportation  of  Perishable  Goods  Therein,"  by 
;.  C.  Bohn;  "Frigorific  Transportation  by  Land  in  ihe  Ar- 
tentine  Republic:  Its  Evolution  Since  1910,"  by  'Dr.  Jose 
romas  Soho;  "Frigorific  Transportation  by  Water:  Its  His- 
ory  and  Development  from  1S67  to  1913,  Especially  from  the 
•oint  of  View  of  the  Transportation  of  Frozen  and  Refriifer- 
ited    Meats    from   the    Argentine    Republic,"    by   P6dro    Borges. 

SECTION   VI.      LEGISLATION   AND   ADMINISTP. ATKtN 
President,   Hon.   James   R.   Mann;   vice-president,   Frank   A. 
^orne;   secretary,  Barry  Mohun. 

Papers:  "Insurance  Against  Indirect  Damage,"  fty  Albert 
irueger;  "The  Legal  Status  of  Cold-Storage  Warehouse  Re- 
ceipts in  the  United  States  of  America."  by  Albert  M.  Read; 
'Laws  and  Regulations  Affecting  the  Storage  of  Perisliable 
j'ood  Products  Under  Refrigeration  in  Public  apd  Private 
iVarehouses,"  i»r  Dr.  H.  E.  Barnard.  "Liability  of  Warehouse- 
men for  Loss  or  Damage  Where  Goods  are  Stored  in  Rooms  to 
iVhich  the  Customer  Alone  Has  Access.'  by  Walter  C.  Reid; 
•Insurance  Against  Indirect  Damage."  by  Josepn  G.  Hubbc'.l; 
•Sprinkler  Leakage  as  Affecting  Warehousemen  and  Their 
Customers,"  by  Joseph  G.  Hubbell;  "Instruction  in  the  Science 
ind  Application  of  Refrigeration  in  the  United  States," 
3y  S.  S.  Van  Der  Vaart,  "Present  Status  of  the  Refrigerat- 
ng  Industries  in  America,"  by  S.  S.  Van  Der  Vaart;  "The 
Status  of  the  Refrigeration  Industry  in  Austria,"  by  Prof. 
\lois  Srbwarz;  "Collective  Report  on  the  Status  of  Instruc- 
:ion  on  Refrigeration,"  by  Prof.  Alois  Schwarz;  "Regulating 
if  Cold  Storage  as  a  Means  of  Reconciling  the  Interests  of 
Both  Public  Hygiene  and  Commerce."  by  M.  H.  Hartel;  "Laws 
»nd  Regulations  Affecting  the  Transportation  of  Perishable 
3oods  as  to  Shippers'  Duty  and  Carriers'  Liability,"  by  Charles 
ronradic;  "Instruction  in  Refrigeration  in  France,"  by  Prof. 
L.  Marchis;  "Effectiveness  of  Existing  Laws  Regulating  Cold 
Storage  Warehouses  and  Products. •'  by  Frank  A.  Home;  "In- 
struction in  Refrigerating  Industries  in  Russia."  by  N,  Boro- 
lin;  'The  Duty  of  the  Warehouseman  in  View  of  the  Re- 
juirements  of  the  Uniform  Warehouse  Receipts  Act  in  Re- 
gard to  Negotiable  'U'^arehouse  Receipts  and  of  Cold  Storage 
Laws  Prohibiting  the  Retention  of  Goods  in  Cold  Storage  for 
Longer    Than    Prescribed    Periods,"    by    Barry    Mohun;    "Laws 


and  Regulations  .\ffecting  the  Transportation  of  Perishable 
Goods,  as  to  Shippers'  Duties  and  Carriers'  Liability,"  by 
Henry  C.  Nicholson;  "The  Refrigerated  Meat  Industry  in  the 
Argentine  Republic:  Its  Evolution  Since  1908,"  by  Pedro 
Borges. 

PAPERS    OF    GENER.^L   INTEREST 

For  the  latent  heat  of  ice,  values  of  141  to  144  B.t.u.  per 
lb.  have  been  used.  A  correct  and  uniform  value  the  world 
over  is  of  the  greatesv  importance,  as  on  this  unit  all  re- 
frigerating capacities  are  based.  As  may  have  been  noticed 
two  papers  on  this  subject  were  presented  before  the  first 
section.  Values  of  79.63  and  79.6  calories  per  gram  at  59  deg. 
F.,  or  approximately  143.5  B.t.u.  per  lb.,  were  given  respec- 
tively in  each  paper.  The  value  first  given  was  determined 
at  the  Bureau  of  Standards,  Washington,  D.  C.  and  the  latter 
value  by  A.  Leduc,  professor  at  the  Faculty  of  Sciences. 
Paris.  Such  close  agreement  between  the  two  figures  would 
indicate  accuracy,  so  that  for  all  practical  purposes  the  above 
value  might  well  be  taken.  It  was  left  to  the  second  sec- 
tion, however,  to  recommend  to  the  commission  of  the  In- 
ternational Association  of  Refrigeration  the  general  adoption 
of  the  value  143.5  B.t.u.  as  the  true  latent  heat  of  fusion 
of  ice. 

Of  the  other  divisions  sections  II  and  IV  were  most  pro- 
ductive of  papers  interesting  to  the  power  field.  In  the  sec- 
ond section  there  were  three  papers  on  insulation,  giving 
methods  of  computing  the  thickness  required.  The  one  by 
R.  L.  Shipman  was  the  most  complete  of  the  three  and  dis- 
cussed particularly  the  temperature  line  method  of  testing 
and  rating  insulations,  which  seems  to  give  fair  promise  of 
simplicity  and  accuracy. 

In  one  of  his  papers  for  this  section,  Gardner  T.  Voor- 
hees  proposed  a  method  of  compressing  the  exhaust  steam 
from  an  engine  for  use  in  an  absorption  system.  According 
to  the  author  the  generator  r.sually  requires  too  high  a  pres- 
sure to  be  economical  in  the  exhaust  of  a  steam  engine.  To 
obtain  the  pressure  required  for  the  most  efficient  operation 
an  independent  compressor  is  installed  and  by  the  use  of  1 
lb.  of  live  steam  from  the  boiler,  3  to  4  lb.  of  exhaust  steam 
is  compressed  to  the  proper  pressure  and  delivered  to  the  ab- 
sorber. A  large  increase  in  economy  is  claimed  for  the  sys- 
tem. In  the  discussion  it  was  brought  out  that  practically  the 
same  method  was  in  use  in  Prance  and  Switzerland  over  25 
years  ago,  and  it  was  feared  that  the  difficulties  which  the 
proposed  arrangement  would  meet  in  actual  practice  might 
overbalance  the  increase  in  economy.  In  his  second  paper 
Mr.  Voorhees  considered  the  construction  and  economy  of  his 
multiple  effect  compressors  and  receivers. 

An  interesting  paper  on  multiple  effect  absorption  ma- 
chines was  presented  by  Edmund  Altenkirch.  of  Berlin,  and 
in  another  paper  Bernard  Tenchkof  proposed  to  use  the  waste 
heat  from  the  condenser  and  the  engine  of  a  compression 
system  for  hot-water  heating.  The  heat  generated  in  the 
condenser  and  absorber  of  an  absorption  system  may  also  be 
used  in  the  same  way.  Claims  of  a  possible  saving  of  SO  per 
cent,   in   the   cost   of  heating   were   made. 

A  paper  of  exceptional  interest  to  the  practical  man  was 
chat  by  R.  H.  Tait  and  L.  C.  Nordmeyer  on  "Comparative  In- 
stallation and  Operating  Costs  of  a  Combined  Ice  Manufactur- 
ing and  Cold-  Storage  Plant."  The  base  of  comparison  was 
a  plant  having  a  capacity  of  60  tons  of  ice  per  day  of  24  hr. 
and  a  cold-storan.t  capacity  of  100,000  cu.ft.  requiring  20  tons 
of  refrigeration  or  12  tons  ice-making  capacity.  The  cost 
was  figured  first  with  a  simple  steam  plant,  second  with  a 
compound  condensing  plant  and  third  with  the  Diesel  engine. 
In  the  same  order  the  com.F:irative  costs  per  ton  of  ice  were 
?2.10,  $1.97  and  $1.65.  giving  a  considerable  margin  in  favor 
of  the  Diesel  engin:- 

In  the  fourth  section  most  of  the  papers  naturally  dealt 
with  the  application  of  refrigeration  to  the  industries.  There 
were  a  few,  however,  more  closely  related  to  the  power  plant. 
In  his  paper  G.  F.  Bein  discussed  the  possibilities  and  de- 
scribed a  central  plant  distributing  ammonia  through  a  sys- 
tem of  underground  mains  to  its  customers,  with  expansion 
valves  at  each  service.  Peter  Neff  gave  some  excellent  data 
en  the  cost  of  manufacture  of  distilled  water  ice  in  plants  of 
10  to  100  tons  capacity  in  24  hr.  The  cost  per  ton  varied 
from    $1.42    to    $2.60   depending    on    the   size   of   the    plant. 

Service  from  the  central  station  for  refrigerating  plants 
was  discussed  in  papers  by  C.  H.  Stevens,  of  the  Edison  Elec- 
tric Illuminating  Co..  of  Brooklyn  and  Charles  Carlsen.  of 
»he  Commonwealth  Edison  Co.,  of  Chicago.  In  each  paper  an 
interesting  collection  of  data  was  presented  on  plants  requir- 
ing as  much  as  500  hp..  although  in  most  cases  the  connected 
horsepower  was  less  than  30.  The  development  of  the  raw- 
water  plant,  in  which  very  little  if  any  distilled  water  is 
required,  has  opened  up  opportunities  for  the  central  sta- 
tion which  did  not  exist  with  the  distilled-water  plant.     Some 
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•if  these    papers   will   be   abstracted   at   greater   length    in    suc- 
ceeding   issues. 

On  Tuesday  the  sections  held  their  last  sessions,  and  on 
Wednesday  morning.  Sept.  24,  the  International  Association 
met  as  a  body,  deciding  to  hold  the  Fourth  Congress  of  Re- 
frigeration in  Russia.  The  afternoon  saw  the  formal  closing: 
ceremonies   of  the  Congress. 

THE  BANQUET 
Of  the  varied  entertainment  during  the  Congress  the  ban- 
quet on  Tuesday  evening,  Sept.  23,  in  the  Hotel  Sherman 
Casino,  at  White  City,  was  easily  the  feature.  It  was  a 
brilliant  affair  dedicated  to  cold  storage,  the  articles  on  the 
■menu  dating  back  from  two  weeks  to  sixteen  months.  Fully 
1000  sat  at  table  and  listened  "with  interest  to  the  speakers 
of  the  evening:  Hon.  William  E.  Mason,  Senator  Lawrence 
Y.   Sherman   and   Hon.   Andre   L,ebon,   of  Paris. 

EXPOSITION 
From  Sept.  17  to  Oct.  1  th^  International  E.xposition  of 
Refrigeration  was  open  to  the  public.  It  was  held  in  the 
Dexter  Pavilion  at  the  stock  yaids  and  was  a  remarkably 
good  exhibit.  Its  primary  object  was  to  create  public  confi- 
dence in  cold  storage  and  show  that  such  foods  are  as  health- 
ful as  those  not  subjected  to  refrigeration.  Secondly,  oppor- 
tunity was  given  the  foreign  delegation  to  see  the  best  in 
ice  making  and  refrigerating  machinery  and  its  application 
as  practiced  in  this  country.  There  were  operating  and  still 
exhibits  of  refrigerating  machinery,  engine-room  equipment, 
appliances  and  specialties;  exhibits  of  supplies  and  materials, 
exhibits  by  commercial  interests,  exhibits  of  refrigerator 
cars  and  precooling  systems  and  displays  of  food  stuffs  held 
under  refrigeration. 

All  the  large  manufacturers  of  compression  and  absorp- 
tion systems  had  exhibits  and  there  was  a  fair  representa- 
tion of  raw-water  ice-making  systems.  The  Arctic  Ice  Ma- 
chine Co.  showed  its  compressors,  brine  cooler  and  con- 
denser and  a  block  of  raw-water  ice  made  by  the  Arctic- 
Pownall  system.  A  small  raw-water  ice-making  plant  com- 
plete was  exhibited  by  the  Baker  Ice  Machine  Co.  The  Car- 
bondale  Machine  Co.  had  a  small  demonstration  absorption 
system  in  actual  operation  taking  exhaust  steam  at  2-lb 
pressure  from  a  small  .generating  set.  A  Corliss  engine- 
driven  compressor,  counter-current  condensers  and  a  20-hp. 
crude-oil  engine  formed  the  exhibit  of  the  De  La  Vergne  Ma- 
chine Co.  The  Prick  Co.  had  a  large  exhibit  of  horizontal 
and  vertical  compressors  and  its  condenser,  and  similar  ex- 
hibits of  their  products  were  displayed  by  the  Triumph  Ice 
Machine  Co.,  and  the  York  Manufacturing  Co.  The  Vilter 
exhibit  consisted  of  a  125-ton  compressor  direct  connected 
to  a  tandem  Corliss  engine  kept  in  motion  by  a  motor  belted 
to  the  flywheel.  The  Huetteman  &  Cramer  Co.  had  a  com- 
plete raw-water  plant  in  operation.  Kroeschell  Bros.  Ice  Ma- 
chine Co.  displayed  a  50-ton  horizontal  carbonic  anhydride 
compressor  and  other  equipment  belonging  to  the  compression 
system,  and  the  Henry  Vogt  Machine  Co.  showed  a  20-ton  ex- 
haust-steam absorption  system.  The  United  Ice  Improve- 
ment Co.  demonstrated  the  Parsons  "Quick  Freeze"  system, 
with   a   tank   holding   eight   300-lb.   ice   cans. 

There  were  numerous  exhibits  of  packing,  insulation,  am- 
monia drums,  cooling  towers,  piping  and  fittings,  pumps, 
power-plant  specialties,  ice-handling  machinery,  evaporators, 
instruments,  reboilers  and  water  purifiers,  ice  cans,  etc.,  be- 
sides a  number  of  commercial  displays  of  refrigerated  prod- 
ucts. The  above,  however,  were  too  numerous  to  permit  of 
individual  mention. 

Some  of  the  features  which  attracted  popular  attention 
were  liquid  air  demonstrations  by  Georges  Claude,  of  Paris, 
a  sculpture  of  a  polar  bear  and  Eslcimo  in  refrigerated  butter 
by  the  Beatrice  Creamery  Co.,  of  Chicago,  a  mechanical  oil 
farm  showing  derricks,  tanks,  etc.,  by  the  .Standard  Oil  Co., 
the  ice  fountain  near  the  entrance  to  the  pavilion,  and  the 
Government's  huge  refrigerator  containing  displays  of  fruit, 
vegetables,  meat,  poultry,  fish,  eggs,  cheese  and  other  prod- 
ucts. 

The  ice  fountain  was  designed  by  Eugene  T.  Skinkle,  of 
Chicago,  and  was  made  up  in  the  foi  m  of  a  circular  tower 
with  pips  coils  furnished  by  the  Rempe  Co.,  of  Chicago. 
There  were  four  terraces,  the  lowest  one  being  8  ft.  in  diam- 
eter and  the  others  6,  4  and  2  ft.,  respectively,  with  a  ball  on 
top  1  ft.  in  diameter.  Brine  was  circulated  in  the  coils  and 
a  coating  of  ice  formed  over  the  exterior.  Within  the  foun- 
tain were  located  a  number  of  colored  lights  of  different 
tints,  which  as  they  were  switched  on  produced  color  effects 
that   were   most   pleasing   and   attractive. 

Immediately  behind  the  fotintain  was  the  Government'.s 
magnificient  exhibit  of  food  products.  The  huge  refrigerator 
was  150  ft.  long,  20  ft.  wide  and  IS  ft.  high,  with  display 
windows  all  the  way  around,  so  that  the  interior  containing 
the    various    products    previously    mentioned    was    exposed    to 


view.  Pipe  lofts  extended  above  the  rooms,  the  amount  o 
piping  being  proportioned  to  the  temperatures  to  be  main 
tained  in  each  compartment.  Brine  was  circulated  in  th 
coils  and  was  jnder  full  control  so  that  the  temperature 
might  be  varied  at  will. 

It  may  be  of  interest  to  state  that  the  exposition  was  con 
ceived  by  the  industry  itself.  No  private  capital  had  an: 
connection  with  it  and  the  profits  from  the  sale  of  space  ani 
the  gate  receipts  reverted  back  to  the  exhibitors.  There  wa; 
a  large  attendance  not  only  of  refrigerating  men,  but  als( 
of  home  people  who  were  interested  only  in  the  consumptioi 
of  refrigerated  products,  so  it  is  fair  to  assume  that  the  ex 
hihition  was  a  success  and  accomplished  the  ends  sought  b' 
the    industry. 


Welcome  to  N.  A.  S.  E.  Officers 

A  well  attendee!  and  very  enjoyable  welcome  was  tenderec 
to  the  national  officers  of  the  National  Association  of  Station 
ary  Engineers,  by  the  Modern  Science  Club,  125  South  Elliot 
Place,  Brooklyn,  Tuesday  evening,  Sept.  29.  Of  the  nationa 
officers  of  the  N.  A.  S.  E..  James  R.  Coe,  president,  John  J 
Reddy,  conductor,  past  national  presidents,  William  Reynold; 
and  Joseph  Carney  and  J.  D.  Taylor,  secretary  of  the  Lifi 
and  Accident  Insurance  Department  were  present.  Th( 
speeches  of  President  Coe  and  Conductor  Reddy  were  wel 
received. 

Entertainment  and  refreshments  adde^J  to  the  pleasure  o: 
the  occasion.  Those  who  took  part  in  the  entertainment  weri 
Herbert  Self,  Peerless  Rubber  Co.,  the  New  York  Quartette 
consisting  of  John  Lloyd  Wilson,  of  Swan  &  Finch  Co.,  Franl. 
J.  Corbett.  now  in  business  for  himself;  M.  J.  O'Connell,  N.  J 
Mechanical  Rubber  Co.  and  Bob  Jones,  Jack  Armour,  oi 
"Power,"  Billy  Murray,  Mabel  Burke.  Joe  McKenna  anc 
Monroe  Silver,   all   of  Jenkins    Bros. 


Dr.  Diesel  Disappears 

On  Sept.  30,  special  cable  dispatches  to  the  daily  press 
announced  the  disappearance  of  Dr.  Rudolph  Diesel,  the  in- 
ventor of  the  Diesel  oil  engine,  under  most  mysterious  cir- 
cumstances. The  New  York  "Times"  says  that  Dr.  Diesel  left 
Antwerp  on  Sept,  29  to  attend  in  London  the  annual  meeting 
of  the  Consolidated  Diesel  Engine  Manufacturers.  He  em- 
barked on  the  steamer  "Dresden,"  accompanied  by  a  fellow- 
director,  George  Carels,  and  Herr  Luckmann,  chief  engineer 
of  the  company. 

Dr.  Diesel  had  a  cabin  to  himself.  On  the  arrival  of  the 
vessel  at  Harwich  at  6  o'clock  a.m.,  he  was  missing.  His  bed 
had  not  been  slept  in,  though  his  night  attire  was  laid  out 
on  it. 

It  is  conjectured  by  his  friends  that  Dr.  Diesel  fell  over- 
board. He  complained  to  a  friend  some  time  ago  that  he  was 
occasionally  troubled  with  insomnia,  and  it  is  possible  that 
when  his  friends  retired  to  their  cabins  he  decided  to  con- 
tinue to  stroll  on  deck.  He  was  in  the  best  of  health,  in  very 
cheerful  spirits,  and  had  expressed  most  sanguine  expectations 
as  to  the  future  of  his  engine  and  the  development  of  the 
company. 


Manning,  Maxwell  &  Moore  Pur- 
chases Putnam  Machine  Co. 

The  entire  stock  of  the  Putnam  Machine  Co..  Fitchburg. 
Mass.,  has  just  been  purchased  by  Manning,  Maxwell  &  Moore. 
Inc.,  of  New  York. 

The  Putnam  Machine  Co.  is  the  pioneer  tool  manufacturer 
of  the  country  and  was  the  originator  and  builder  of  the 
Putnam  engine.  S.  W.  Putnam,  son  of  the  founder  and  him- 
self a  designer  of  wide  reputation,  and  his  son,  S.  W.  Putnam, 
will  retain  their  connection  with  the  company,  which  will 
keep  the  name  of  the  Putnam  Machine  Co.,  and  be  operated 
on  its  own  identity. 

About  the  first  of  October,  the  stock  of  the  Manning,  Max- 
well &  Moore  Co.,  which  has  heretofore  been  carried  at  S5 
Liberty  St.,  will  be  carried  at  the  Jersey  City  distributing 
station,  446  Communipaw  Ave.,  Jersey  City,  N.  J.,  from  which 
point  shipments  will  be  made.  The  concern  has  recently 
taken  new  offices  of  about  24,000  sq.ft.  (double  their  present 
office  quarters)  on  the  twentieth  and  twenty-first  floors  of 
119  West  Fortieth  St.,  New  York,  which  will  be  occupied 
shortly  after  Oct.   1. 


523 


P  0  AT  E  R 


\(,\.  ;i.s,  Xo.  15 


Receiver  Explosion  Fatal  to  Two 

Twenty  minutes  after  staiting:  the  525-kw.  Greene-Wheel  ■ 
c,  cross-compound  condensing  ensine  in  the  plant  of  the 
iclark  Wire  Co.,  Bay  Way,  N.  J.,  Monday  morning.  Sept. 
the  receiver  head  blew  out,  killing'  two  oilers  and  badly 
ining  Frank  B.  Smith,  the  chief  engineer. 
The  receiver  is  located  below  the  floor,  and  between  the 
rh-  and  low-pressure  cylinders.  It  is  provided  with  two 
'ety   valves,   3   and   2   in.    respectively,    on    the   exhaust   line 


Fig.    1.    Plan   of   Receiver  Piping 

)m  the  high-pressure  cylinder.  These  valves  are  con- 
cted  to  a  relief  line  leading  outside  the  engine  room  to  the 
inosphere  as  shown  in  Fig.  1.      The  engine  had  been  started 

7  a.m.  and  the  two  oilers  and  the  watch  engineer  were 
Hiding  between  the  tw-o  cylinders  observing  the  engine  un- 

the  vacuum  was  built  up  and  everything  running  well, 
tisfied  that  all  was  well,  the  assistant  so  informed  the  oil- 
5  and  started  away.  When  just  beyond  the  high-pressure 
linder    the    explosion    occurred,    lifting    the    floor    as    shown. 


Fig.  -2.    Fll 


i  i;c 


EivEi!  Pit  Blown  Away 


g.  2.  and  almost  instantly  scalding  the  oilers  to  death, 
le  chief  engineer  by  this  time  had   reached   the  throttle,  but 

he  started  to  close  it.  he  saw  through  the  dense  steam, 
e   form   of  one   of  the   oilers   whom   he   then    tried   to   rescue. 

was  this  act  of  heroism  that  caused  steam  to  scald  the 
ief.  as  the  oiler  lay  on  the  pieces  of  flooring  directly  over 
e  broken  receiver  head  from  which  steam,  at  boiler  pres- 
i\-    (145   lb.)    was  issuing. 


The  engine  was  carrying  2200  amp.,  which  is  about  one- 
half  rated  load,  at  the  time;  the  vacuum  gage  registered  25 
in.  The  receiver  drain  pipe  shown  leads  to  the  hotwell,  there 
being  no   trap   in   the   line. 

There  is  no  evidence  of  water  having  been  sucked  into  the 
receiver  from  the  hotwell  through  this  drain  pipe  because 
of  a  vacuum  in  the  receiver  due  to  an  extremely  early  cutoff 
in  the  high-pre'^sure  cylinder.  There  was  no  water  in  the 
receiver    pit   except    the    little   from    the   condensed    steam. 

Although  the  wreckage  could  not  be  disturbed  f^r  ex- 
amination, because  prohibited  by  the  coroner,  tho  visible 
edges  of  the  broken  receiver  head  shows  signs  of  having  had 
an  incipient  crack  between  the  points  A  and  B,  Fig.  1.  The 
metal  here  exhibits  deep  red  rust  in  places  and  is  of  a  dif- 
ferent color  from  the  other  parts  of  the  break  which  appear 
dark  gray  and  fresh.  .As  there  was  no  undue  amount  of  wa- 
ter present,  and  conditions  show  that  the  low-pressure  ad- 
mission valve  opei'ated.  and  as  the  cast-iron  head  of  the  re- 
ceiver indicates  "weakness,  one  reaches  the  conclusion  that 
one  of  the  admission  valves  was  held  open,  admitting  steam 
at  initial  pressure  to  the  receiver,  and  that  the  safety  valves 
failed  to  operate  until  simultaneously  or  nearly  so  with  the 
explosion  of  the  receiver  That  they  operated  is  evidenced  by 
the  presence  of  fine  rust  on  the  ground  at  the  mouth  of  the 
relief  pipe.  These  valves  were  set  to  blow  at  30  lb.  pres- 
sure. 


PERvSONALS 


E.  A.  Stierly  has  been  appointed  chief  engineer  of  power 
station  of  the  Newport  News  &  Old  Point  Comfort  Ry.  &  Elec- 
tric Co..   at  Hampton.  Va..   succeeding  H.   I.   HoUeman. 

William  J.  Neville  has  been  appointed  manager  of  the 
Southern  territory  of  the  Chapman  Valve  Manufacturing  Co. 
with  otnces  in  the  Candler  Building,  Atlanta,  Ga.  For  the 
past  two  years  the  company  had  its  offices  in  Birmingham, 
Ala. 


SOCIETY     NOTES 


At  the  last  annual  convention  of  the  Practical  Refrigerat- 
ing Engineers  Association,  at  Atlanta,  Ga.,  in  December,  1912, 
Hot  Springs.  Ark.,  was  named  as  the  place  for  the  1913  con- 
vention. Since  that  time,  circumstances  have  arisen  which 
caused  the  board  of  directors  and  officials  to  consider  some 
other  place  for  the  convention.  It  was  finally  decided  that 
Dallas.  Texas,  would  best  serve  the  interests  of  the  associa- 
tion under  the  circumstances.  Preparations  are  being  made 
to    make    this    convention    interesting    and    successful. 


SETH    C.    ADAMS 

Seth  Collins  Adams,  an  electrical  engineer,  connected  with 
the  Westing-house  Electric  &  Manufacturing  Co.,  at  New  York 
City,  died  at  his  home  in  Rochelle  Park.  New  Rochelle.  N.  Y. 
Mr.  Adams  was  born  in  1S66  and  was  a  graduate  of  Hamilton 
College. 

WILLI.\M    C.    SELDEN 

William  Cary  Selden.  a  consulting  mechanical  engineer, 
who  hail  much  to  do  with  the  early  development  of  steam 
navigation  in  the  United  States  Navy,  died  at  his  home.  313 
Washington  Ave..  Brooklyn.  He  was  eighty-one  years  old, 
but  had  been  active  in  his  profession  until  last  summer,  when 
his   health  began   to  fail. 

GEORGE    C.    KARME 

George  C.  Karme.  secretary  of  the  Hills-McCanna  Co.,  man- 
ufacturers of  steam  specialties,  153  West  Kinzie  St.,  died  sud- 
denly on  Sept.  21,  in  his  office,  supposedly  of  heart  disease. 
Mr.  Karme  appeared  at  9  o'clock  in  the  morning  and  an- 
nounced that  he  had  planned  a  hard  day's  work  and  did  not 
wish  to  be  disturbed.  A  half  hour  later  a  clerk  said  be  saw 
Jlr.  Karme  at  the  office  door  beckoning  to  him.  He  was  gasping 
for  breath.  The  clerk  obtained  brandy  at  a  drug  store  and 
called  a  physician,  but  Mr.  Karme  died  within  fifteen  minutes, 
before  medical  aid  could  reach  him. 
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Engineering  Progress 


THESE  TWO  ENGINEERS  HAD  THE  vSAME  OPPORTUNITY:  ONE   STOOD    vSTlEL,    THE   OTHER 
PROGREvSSED  FROM  THE  vSMALE  TO  THE  LARGE  POWER  PLANT. 
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Boiler  Plant  of  American  Sugar  Co. 


BV    1m!XES'1     F.    LEAitiNED 


CN^OPSIS — The  recentlv;  completed  boiler  plant  of 
e  American  Sugar  Refilling  Co.'s  refinery  at  South. 
tston,  Mass.,  was  designed  ivith  storage  facilities  for 
00  tons  of  coal,  and  an  ultimate  capacity  of  10.160 
>.  Some  of  the  features  are  the  design  of  the  struc- 
re  on  a  limited  site  providing  for  the  storage  of  the 
il  above  the  boiler  room;  unusual  natural  lighting; 
f!  protection  from  heat  of  the  columns  supporting  the 
il  bin  in  the  boiler  room,  and  the  use  of  cement-gun, 
ncrele  in  the  upper  part  of  the  building. 

The  plant,  consisting  of  a  boiler  room  and  a  coal 
cket,  adjoins  a  dock  bordering  the  entire  length  of 
e  company's  property  along  Fort  Point  Channel,  an 
m  of  Boston  Harbor,  and  is  inclosed  on  three  sides  by 
ildings.  The  structure  is  170  ft.  long,  about  98  ft. 
de,  and  lOli/^  ft.  high.  It  is  of  fireproof  construction, 
ilt  of  concrete,  steel  and  tile  blocking,  and  is  sup- 
irted  on  reinforced-concrete  foundations  carried  on 
les  cut  off  6  ft.  above  mean  low  water.  The  boiler 
om,  occupying  the  main  story  of  the  building,  is  32 
.  6  in.  in  height,  its  floor  being  11  ft.  above  the  level 
the  grounds. 

The  coal  pocket  is  located  on  a  longitudinal  axis  di- 
ctly  above  the  boiler  room,  and  is  48  ft.  wide,  26  ft. 
gh  on  the  sides  and  35  ft.  6I/2  iu.  at  the  ends.  The 
wer  chords  of  the  roof  trusses  are  carried  23  ft.   6  in. 


above  the  top  of  the  bin,  allowing  a  distance  of  7  ft. 
over  the  peak  of  the  coal  when  the  bin  is  tilled  to  its 
capacity.  The  full  width  of  the  building  extends  for  a 
distance  of  1031/2  ft.,  the  remaining  portion  at  the  dock 
end  of  the  structure  being  equal  in  width  to  the  coal 
pocket. 


Fig.  1.  View  of  the  Bdir.in;  Uoojr.  Showing 
TiiAVELiNu  Weigh  Hoppeu 


—  ig'-o^ »(< -n-io'- >i< n-io  — 

Fig.  3.  Elevation  of  the  Boilek  "Room 
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The  boiler  equipment,  Fig.  1,  consists  of  twelve  508- 
p.  Babcock  &  Wilcox  water-tube  boilers  based  on  5080 
[.ft.  of  heating  surface  with  a  ratio  of  10  to  1.  The 
jilers  are  built  in  batteries  of  two  units  each,  arranged 
I  two  rows  facing  a  single  firing  aisle  14  ft.  8I/2  i'l- 
ide,  the  total  capacity  being  6006  hp.  Additional  space 
ir  four  batteries  of  1016  hp.  each,  two  on  either  side, 
aking  an  ultimate  boiler  capacity  of  10,160  hp.,  can  be 
)tained  by  widening  the  boiler  room  at  its  narrow  eud 
I  its  full  width.  The  working  boiler  pressure  is  125 
id  80  lb.  About  75  per  cent,  of  the  steam  is  used  for 
mimercial  purposes,  the  remainder  being  utilized  for 
Dwer. 

The  foundations  are  about  8V2  ft-  deep  and  vary  in 
■ea  from  8  ft.  square  to  17x21  ft.,  the  latter  supporting 
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YiEW  OF  THE  Steel  Fkajiewouk  of  the 
Boiler  House 


■0  columns.  The  maximum  column  load  is  467  tons, 
id  is  carried  on  a  13x21-ft.  foundation.  There  are  two 
limneys,  each  serving  a  row  of  boilers,  located  midway 
itside  the  building  adjacent  to  the  side  walls.  The 
limneys  are  375  ft.  high,  12  ft.  in  diameter  at  the  top 
id  15  ft.  8  in.  at  the  base,  inside  measurements;  made 
Custodis  radial  brick ;  and  each  rests  on  a  reinforced- 
ncrete  foundation  41  ft.  square  and  10  ft.  deep,  carried 
1  400  piles. 
Tlie  transverse  column  spacing  divides  the  structure 


generally  into  bays  5  ft.  10  in.  and  13  ft.  4  in.  wide, 
the  smaller  being  between  the  boiler  batteries,  and  the 
larger  between  the  units  in  a  battery. 

There  are  se^'en  longitudinal  rows  of  columns  under 
the  main  portion  of  the  boiler  room,  two  rows  on  either 
side  of  the  center  line  support  the  girders  carrying  the 
coal  pocket.     The  columns  are  built  of  steel  encased  in 


Fig.  4.    Coxcrete  Covered  Coal  Pocket 

concrete,  except  those  in  the  boiler  room  near  the  boilers. 

The  sides  of  the  boiler  room  not  occupied  by  the  win- 
dows and  columns  are  inclosed  with  fireproof  tile  block- 
ing. The  floor  is  of  concrete,  arched  and  supported  by 
I-beams. 

In  order  to  provide  for  natural  lighting  the  coal  pocket 
was  built  8  ft.  above  the  boilers,  enabling  light  to  pass 
through  the  vcindows  on  the  sides  of  monitor  roofs  lo- 
cated on  either  side  of  the  structure  along  the  lower 
portion  of  the  coal  bin.  The  windows  are  131/2x5^  ft. 
in  size,  of  continuous  sash,  fitted  with  wired  glass.  The 
expansion  loops  from  the  boilers  supplying  the  main 
header  are  carried  up  into  the  monitor  roof.  Fig.  2,  and 
the  wheel  stop  valves  at  either  end  of  the  loops  can  be 
closed  from  one  position,  as  the  valves  attached  to  the 
boilers  are  provided  with  extension  shafts. 

A  typical  girder  is  51  ft.  83/^  in.  long,  5  ft.  deep,  built 
of  yg-in.  web  plate,  8  and  8  by  %-in.  angles  and  20x%- 
in.  flange  plates.  These  girders  act  as  cantilevers  on  ac- 
count of  the  supporting  columns  being  placed  8  ft.  from 
the  ends. 

Each  boiler  equipment  includes  three  reinforced  ash 
hoppers,  one  being  located  under  tlie  furnace  and  two 
under  the  boiler,  as  shown  in  Fig.  3. 

On  account  of  the  limited  space  it  was  necessary  to 
locate  the  columns  within  the  front  line  of  the  boilers 
in  the  rear  of  the  Murphy  furnaces  between  the  units  of 
a  battery,  and  in  order  to  sufficiently  protect  the  columns 
from  the  heat,  a  2-in.  air  space  was  provided  on  all 
sides. 

The  sides  and  ends  of  the  bin  consist  of  H-columns 
and  channels  placed  vertically  with  T-irons  laid  hori- 
zontally, covered  with  poultry  wire  and  embedded  in  a 
wall  of  concrete  2  in.  thick  on  each  side  of  the  steel. 

There  are  three  coal  hoppers  in  each  large  transverse 
bay  of  the  bin,  making  a  total  of  51  hoppers  serving  the 
coal  pocket.  The  coal  and  ash  hoppers  are  fitted  with 
undercut  gates.  One  row  of  hoppers  is  located  along  the 
center  line  of  the  building,  and  the  other  two  are  about 
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B  ft.  on  either  side  of  the  center.  The  steel  work  be- 
veen  the  girders  iu  the  narrower  bays  consists  of 
lirteen  10-in.  I-beams  spaced  generally  about  3  ft.  4 
1.  on  centers,  and  iu  the  larger  bays  the  steel  work  con- 
sts  of  groups  of  four  longitudinal  and  four  transverse 
-beams  spaced  symmetrically  about  the  hopper  loca- 
ons.  The  floor,  with  the  exception  of  the  hoppers,  is 
imposed  of  corrugated-iron  arches,  covered  with  7  in. 
E  reinforced  concrete.  Two  12-in.  channels  located 
3ove  each  girder  tie  the  sides  of  the  bin  at  the  top.    Fig. 

.shows  the  steel  framework  of  tlie  building. 

The  roof  trusses  are  carried  on  H-columns  about  28 
;.  above  the  top  of  the  bin,  and  tlie  sides  are  inclosed 
ith  a  2-in.  coating  of  cement-gun  concrete  or  "gunite" 
riven  against  a  reinforcement  of  No.  28  core  mesh  from 
le  nozzles  of  a  cement  gun.  The  mesh  was  attached  to 
le  columns  and  to  three  5-in.  I-beams  placed  longitudi- 


FiG.  5.  Gexeral  View  of  Plant,  Showing  Fuel- 
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dly  between  tlie  former.  The  cement  gun  working  under 
pressure  of  30  lb.  per  sq.in.  applied  the  "gunite"  com- 
)sed  of  cue  part  cement  and  three  parts  sand  to  botii 
des  of  the  mesh,  1-in.  coating  on  either  side.  Windows 
■e  provided  in  the  upper  part  of  the  structure  on  three 
des  near  the  roof.  Fig.  -1.     An  advantage  iu  the  use 

"gunite"  is  that  the  column  loads  are  lighter  than  if 
le  sides  were  inclosed  with  tile  blocking,  such  as  em- 
oyed  in  the  lower  portion  of  the  building.     At  the  end 

the  building  adjoining  tlie  dock  there  is  a  10x1 -1-ft. 
lening  in  the  upper  wall,  through  which  a  Eobins  30- 
.  coal  conveyor  passes  from  a  Procter  unloading  tower 
ected  on  the  dock.  The  roof  is  reinforced  concrete 
died  between  I-beanis  and  covered  with  tar  and  gravel. 
The  unloading  tower.  Fig.  o,  designed  for  a  capacity 

150  tons  per  hour,  is  equipped  witli  Meade-Morrison 
iplex  engines  and  a  11-ton  clamshell  bucket.  The 
zes  of  the  cylinders  of  the  hoisting  and  trolley  engines 
•e  11x24  in.  and  10x12  in.  respectively.  The  boom  is 
!4  ft.  above  the  dock  and  is  one  of  the  highest  in  New 
ngland. 
The  boilers  supply  steam  to  the  engines  through  a  5- 


in.  line.  Tlie  coal  is  discharged  from  the  bucket  into  a 
hopper  equipped  with  a  No.  7  Hunt  coal  crusher  reduc- 
ing its  size  to  2  in.  A  Morrick  weightometer  is  installed 
in  the  rear  of  the  hopper  on  a  30-in.  conveyor  extending 
the  entire  length  of  the  coal  pocket.  The  conveyor, 
suspended  from  the  lower  chord  of  the  roof  trusses  and 
furnished  with  a  hand  tripper,  is  belt  driven  at  the  rate 
of  400  ft.  per  min.  by  a  15-hp.,  220-volt,  three-pha.se,  60- 
cycle  motor.  The  ca.pacity  of  the  conveyor  is  150  tons 
per  hour. 

Coal  is  supplied  to  the  furnaces  from  the  bins  by  means 
of  a  5-ton  traveling  weigh-liopper  running  on  a  track 
supported  by  the  columns  carrying  the  main  girders  of 
the  upper  part  of  the  .structure,  as  shown  in  Fig.  1.  The 
weigh-bopper  is  equipped  with  a  7.5-hp.,  220-volt,  al- 
ternating-current motor  for  the  longitudinal  travel,  and 
with  a  2.5-hp.  motor  for  the  transverse  travel ;  the  re- 
spective speeds  being  175  and  35  ft.  per  min.  The  ar- 
rangement of  the  hoppers  and  the  weigli-hopper  permits 
coal  to  be  taken  from  any  part  of  the  bin  and  fed  to  any 
furnace,  thus  enabling  the  removal  of  the  coal  regularly 
from  all  parts  of  the  bin,  and  preventing  continued  stor- 
age over  an  idle  boiler  and  the  possibility  of  an  excessive 
rise  iu  ten:perature  causing  spontaneous  combustion.  The 
bin  can  be  emptied  with  the  exception  of  300  tons 
without  trimming  by  hand  .^hoveling. 

Each  row  of  boilers  is  proxided  with  a  flue  and  econo- 
mizet.  The  flues  are  of  brick  7x13  ft.  in  section  sup- 
jiorted  on  steelwork,  extending  along  the  rear  of  the 
boilers;  and  at  one  end  swing  outward  and  run  parallel 
to  the  sides  of  the  building  to  the  .stacks.  The  econo- 
mizers are  located  within  the  flues  near  the  stacks  and 
consist  of  two  sets  of  36  .sections,  10  tubes  in  width. 
Provision  is  made  for  bypassing  the  flue  gases  around 
the  economizers.  The  plant  was  designed  and  built  by 
the  American  Sugar  Refining  Co.,  under  the  direction 
of  F.  M.  Gibson,  chief  ensrineer. 


Novel  Ash-Handling  System 

Most  coal-  and  ash-handling  machinery  is  inter- 
mittent in  its  operation,  because  the  storage  for  coal  is 
generally  provided  on  the  boiler-house  floor  or  in  bins; 
ashes  are  allowed  to  accumulate  in  ashpits  until  a  con-     A 
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Fig. 


Ash  Elevatok  Discharging  to  Concrete  Ash 
Bin 


veuient  time  comes  to  remove  them.  There  are  eases, 
however,  where  it  may  be  necessary  to  run  the  machinery 
continuously,  and  to  provide  against  serious  wear  and 
rapid  deterioration,  sjieeial  designs  are  necessary. 


At  the  main  boiler  house  of  Joseph  Bancroft  &  Sons 
Co.,  Wilmington,  Del.,  the  ashes  which  dropped  continu- 
ously from  the  stoker  grates  were  allowed  to  accumulate 
in  a  tunnel  under  the  boilers,  the  tunnel  being  11x13  ft. 
in  section,  large  enough  for  a  horse  and  cart  to  go 
through.  In  19 LI  the  boiler  house  was  made  longer,  and 
it  was  decided  to  install  an  ash  conveyor  to  remove  the 
ashes  from  the  tunnel  as  fa.st  as  they  were  dropped,  and 
store  them  in  a  bin  at  one  end  of  the  boiler  house.  This 
would  dispense  with  the  labor  of  two  men  and  a  horse 
and  cart. 

In  designing  the  ash-handling  machinery,  the  con- 
tractors, the  Link-Belt  Co.,  decided  to  use  extremely  slow 
speeds  of  ti-avel,  and  to  make  the  parts  simple  and 
rugged,  so  as  to  show  durability  while  running  24  hours 
a  day. 

The  ash  conveyor.  Fig.  1,  which  runs  the  length  of 
the  ash  tunnel,  190  ft.,  is  extremely  simple.  It  con- 
sists of  a  single  strand  of  wide  link-belt  traveling  in  a 
cast-iron  trough  at  5  ft.  ]ier  miii.  The  a.shes  fall  from 
the  grates  into  the  lower  run,  and  an  empty  run  slides 
back  overhead.  At  the  end  of  the  run  the  ashes  drop  in- 
to the  boot  of  an  elevator,  8-4  ft.  high.  Fig.  2.  This  ele- 
vator travels  but  20  ft.  per  min.,  and  has  two  strands  of 
Ley  Steel-Bushed  Chain  with  heavy  malleable-iron  buck- 
ets. In  order  to  make  the  buckets  discharge  at  such  a 
slow  speed,  there  are  deflector  wheels  at  the  head  which 
invert  the  buckets  directly  over  the  head  chute.  This 
chute  leads  to  a  4500-cu.ft.  reiuforced-concrete  bin.  The 
steel  casing  of  the  elevator  carries  the  weight  of  all  the 
machinery. 

In  spite  of  the  difficulties  of  the  service,  the  ash  ma- 
chinery has  shown  very  little  wear,  and  repairs  have 
been  slight.  Similar  plants  have  since  been  erected  at 
other  points. 


Standard  for  Flanges  and  Flanged  Fittings 


The  use  of  flanges  and  flanged  fittings  has  been  increas- 
ing quite  rapidly  of  late  years,  in  fact,  a  flange  joint 
is  the  standard  form  of  connection  in  many  classes  of 
piping.  For  most  purposes  the  ordinary  screw  connec- 
tion should  not  be  used  above  6-in.  pipe  size  on  account 
of  the  difficulty  of  making  and  breaking  joints. 

As  the  flange-fitting  business  grew,  each  manufacturer 
made  wp  jDat terns  for  whatever  sizes  were  called  for,  to 
his  own  personal  ideas  or  knowledge  at  that  time. 

These  dimensions  were  later  published  in  catalogs  and 
a  wide  variation  in  dimensions  was  found. 

The  variation  in  the  diameter  and  thickness  of  flanges 
as  well  as  the  bolt  circle,  size  and  number  of  bolts  on 
standard-weight  material  caused  the  users  and  manufac- 
turers considerable  confusion  and  expense. 

This  brought  about  tlie  movement  by  -the  American 
Society  of  Mechanical  Engineers  and  the  Master  Steam 
and  Hot  Water  Fitters  Assoc-iation,  assisted  by  the  manu- 
facturers of  these  lines,  the  result  of  which  was  the  adop- 
tion of  what  is  known  as  the  A.  S.  M.  E.  Standard  of 
1894.     This  covered  flange  dimensions  and  bolting  only. 

A  few  years  later  the  manufacturers  began  to  realize 
that  the  extra-heavy  250-lb.  flanges  and  bolting  were  in 
the  same  state  of  confusion.  This  resulted  in  the  adop- 
tion of  what  has  been  known  a.s  the  Manufacturers  Stand- 
ard of  1901. 


It  became  evident  in  tlie  past  few  years  that  the  center- 
to-face  and  face-to-face  dimensions  of  all  flange  fittings, 
including  low  ])ressure,  standard  pressure  and  extra- 
heavy  pressure,  should  be  established.  After  consider- 
able work  on  the  part  of  the  M.  S.  and  H.  W.  F.  A. 
and  the  A.  S.  M.  E.  a  standard  known  as  the  1912  U.  S. 
Standard  was  adopted. 

The  adoption  of  this  standard  opened  a  discussion 
among  those  interested  in  the  subject.  It  was  found 
that  the  dimensions  presented  in  the  1912  U.  S.  Stand- 
ard differed  from  the  dimensions  which  had  been  quite 
universally  used  by  manufacturers  and  which  covered  a 
large  majority  of  the  fittings  made. 

At  a  meeting  of  manufacturers  held  in  New  York  City, 
July,  1912,  a  standard  known  as  the  Manufacturer's 
Standard  was  adopted  by  them. 

This  left  the  flange-fitting  subject  ir.  the  unfortunate 
position  of  there  being  two  standards.  When  this  condi- 
tion came  before  the  committee  of  the  A.  S.  M.  E.,  an 
effort  was  made  by  this  committee  with  that  of  the  manu- 
facturer's committee  to  harmonize,  if  possible,  the  differ- 
ences then  exisiing  between  these  two  standards. 

After  considering  the  various  phases  of  the  subject 
covering  uniformity  of  design,  stren.gth  of  fitting,  strength 
of  bolting  as  well  as  the  commercial  features,  a  com- 
promise was  made. 
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53 

55  i 

57  J 

59  J 

61 J 

64 

66  J 

68; 

71 

73 

75J 

78 

80 

821 

845 

865 

885 

90i 

93 

95i 

975 

99J 

102 

104  J 

1065 

108  i 

111 

113} 

115! 

117J 

hlckness  of  Flanges  ___ 

21 

2; 

2i; 

2; 

2i 

2; 

3 

3 

3i 

3i 

3i 

31 

31 

3J 

35 

35 

31 

3; 

3; 

3; 

3! 

3J 

4 

4 

4!. 

4! 

45 

4}     4i 

41 

Ilnlmum  Metal  Thickness  of 
Body 

li; 

1! 

i;i 

2 

2,'. 

2; 

2  A 

2; 

2,'« 

2,-, 

25 

lA. 

2i  1 

2;. 

2i 

2|; 

21 

25; 

3 

1A_ 

JL 

3A 

IL 

li'i 

3.' 

35 

3i     3;;     3; 

1 

V 

1. 

: 

SV 

3 

3> 

4 

•1', 

3 

6 

1 

R 

9 

10 

12 

14 

15 

16 

18 

20 

22 

24 

26 

, 

8 

30 

32 

34 

36 

38 

40 
26 

•Size  of  Outlet  and  SmaUer... 

AU  reducing  fittings  1 "  to  9"  inclusive  have  the  same 
center  to  face  dimensions  as  straight  size  fittings. 

6 

8 

9 

9      10 

12 

14 

15 

16 

18 

18 

20 

20 

22 

24 

24 

18 

20 

22 

23 

24 

26 

PR 

28 

30 

32 

32 

36 

36 

38 

40 

40 

A-Center  to  Face,  Run..... 

9 

10 

11 

11! 

12 

13 

14 

14 

15 

16 

16 

18 

18 

19 

20 

20 

22 

B-Center  to  Face,  Outlet 

95 

11 

13 

135     14 

155 

17 

18 

19 

20 

21 

23 

24 

25 

26 

28 

29 

42 

44 

46 

48 

50 

52 

54 

56     58     60     62 

64 

66 

68 

70 

72 

74 

76     78 

80 

82 

84 

86 

88 

90 

92 

94 

96 

98 
64 

100 
66 

Size  of  Outlet  and  Smaller 

28 

28 

30 

32 

32 

34 

36 

36     38     40     40 

42 

44 

44 

46 

48 

48 

50     52 

52 

54 

56 

56 

58 

60 

60 

62 

64 

46 

46 

48 

52 

52 

54 

58 

58     62     66     66 

68 

70 

70 

74 

80 

80 

84 

86 

86 

88 

94 

94 

96 

ICO 

100 

104 

106 

106 

110 

A-Center  to  Face,  Run... 

23 

23 

24 

26 

26 

27 

29 

29 

31 

33 

33 

34 

35 

35 

37 

40 

40 

42 

43 

43 

44 

47 

47 

48 

50 

50 

52 

63 

63 

65 

B-Center  to  Face.  Outlet 

.'0 

31 

33 

34 

35 

36 

37 

39 

40 

41 

42 

44 

45 

46 

47 

48 

49 

50 

52 

53 

54 

56 

57 

58 

61 

62 

63 

64 

65 

6- 

Size 

T 

u 

15 

2 

25 

3   1  35  1    4 

45  1    5 

6 

7 

8       9  1  10 

12 

14 

15 

•Size  of  Outlet  and  Smaller 

AU  reducing  f 
center  to  face 

ttin 
dlr 

gs  1'  to  9'ir 
aensions  as 

elusive 
straight 

have 
siz 

the 
Bfit 

same 
1ngs. 

6 

8 

9 

i 

AA-Face  to  Face,  Run ..;.. 

18 

21 

23 

23 

A-Center  to  Face,  RutL.. 

9 
11 

10} 
12} 

115 
14 

11} 
15 

B-Center  to  Face.  Outlet 

Size 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

•Size  of  Outlet  and  SmaUer 

10 

12 

14 

13 

16 

18 

18 

20 

20 

22 

24 

24 

26 

28 

28 

30 

32 

25 

28 

31 

33 

34 

38 

38 

41 

41 

44 

47 

47 

50 

53 

53 

55 

58  1 

12} 

14 

155 

165 

17 

19 

19 

205 

205 

22 

235 

235 

25 

265 

20} 

27} 

29  1 

B-Center  to  Face.  Outlet                                                                   .   _ 

155 

17 

m_ 

20 

215 

23 

24 

_25i 

26* 

28 

295 

30! 

31! 

_33i 

34} 

35} 

375 1 
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anges  and  Flanged  Fittings 


-^ 


t 

.^    i 

1 

t 

"^^ 

t 

Ij^-L 

1 

rvA-^-A-T-i, 


EXTRA    HEAVY 


Size _ 

1 

i; 

n 

2 

2} 

3 

35 

4 

4! 

5 

6 

7 

a 

9      10 

12 

14 

. 

AA-Face  to  Face,  Tees  and  Crosses... 

8 

8! 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

21 

23 

26 

30 

31 

4 

41 

4S 

5 

6} 

6 

6} 

7 

75 

8 

85 

9 

10 

105 

11! 

13 

15 

15} 

5 

54 

6 

6! 

7 

'•< 

85 

9 

95 

105 

11  i 

12' 

14 

155 

16! 

19 

21! 

22} 

2 

2S 

2i 

3 

35 

35 

4 

45 

■IS 

5 

5! 

6 

6 

6! 

7 

8 

8! 
371 

8S 

as 

U 

11! 

13 

14 

155 

165 

18 

18} 

215 

235 

255 

27! 

39! 

335 

39! 

6i 

7i 

85 

9 

105 

U 

125 

135 

145 

15 

175 

19 

205 

225 

24 

27! 

31 

2 

2S 

2S 

25 

21 

3 

3 

3 

3! 

35 

4 

45 

5 

U 

5 

5! 

6 

65 

61 

G-Face  to  Face,  Eeduceis 

6 

65 

7 

75 

8 

9 

10 

11! 

12 

14 

16 

17 

a 

5 

6 

65 

75 

8! 

9 

10 

105 

11 

12! 

14 

15 

165 

17! 

20! 

23 

Thickness  of  Flanges -.__ _ 

iS 

;- 

i; 

1 

1 

n 

lA 

1} 

lA 

1; 

lA 

15 

IS 

U 

IJ 

2 

2J 

2tV 

Minimum  Metal  Thickness  of  Body 

! 

i 

5 

i 

A 

-,'< 

iV 

5 

; 

IJ 

; 

J  J 

n 

' 

18 

1 

li 

lA 

Size 

IC 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

33 

36 

39 

41 

45 

48 

52 

55 

58 

61 

65 

68 

71 

74 

78 

81 

84 

A-Center  to  Face,  Ells,  Tees  and  Crosses 

165 

18 

J95 

205 

225 

24 

26 

27! 

29 

305 

32! 

34 

355 

37 

39 

40! 

42 

24 

265 

29 

315 

34 

365 

39 

415 

44 

465 

49 

51! 

54 

565 

59 

61  i 

64 

9! 

10 

105 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

D-Face  to  Face,  Laterals 

42 

45V 

49 

53 

575 

34; 

375 

405 

435 

475 

F-Center  to  Face,  Laterals 

n 

8 

85 

9! 

10 

18 

19 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

25! 

28 

305 

33 

36 

381 

40; 

43 

455 

475 

50 

52  J 

545 

57 

59i 

61! 

65 

Thickness  of  Flanges - 

21 

21 

25 

2S 

2.' 

212 

211 

3 

35 

3! 

3j 

3i't 

3,'ff 

3iS 

3* 

3J 

4 

Minimum  Metal  Thickness  of  Body._ .: 

u 

n 

1) 

ii. 

11 

11! 

IJ 

2 

2S 

2!, 

2i 

2,V 

2A 

2H 

2H 

2J 

3 

STANDARD 


Size 

1    1  U  1  IV  1    2   1  2!  1    3  1  3J 

4    |4! 

5       6 

7 

8       9 

10 

13     14 

15 

16 

18 

20 

23 

34 

26 

28 

30 

All  reducing  fittings  1-35" 
inclusive  have  same  cen- 
ter to  face  dimensions  as 
straight  size  fittings. 

25 
13 

t! 

3       3 

35 

4      45 

5 

6 

7 

7 

8 

9 

10 

10 

13 

12 

14 

15 

C-Face  to  Face,  Eun 

13 

14 

15 

16 

16 

17 

18 

20 

22 

23 

24 

26 

28 

29 

32 

35 

37 

39 

D-Center  to  Face,  Run 

11 

11 

12 

13! 

14! 

14  5 

15! 

17 

19 

21 

33 

33 

35 

27 

385 

315 

35 

37 

39 

E-Center  to  Face,  Run 

2 

2 

2 

li 

IS 

1! 

1! 

1 

1 

1 

1 

1 

1 

1 

i 

i 

0 

0 

0 

F-Center  to  Face.  Branch 

11 

11 

12 

13! 

15 

J2L 

165 

IS  I205 

23 

24 

355 

275 

29! 

315 

345 

38 

40 

43 

EXTRA    HEAVY 


1   1  U  1  1!  1  2   1  2!  1  3  1  3 

4 

4! 

5 

6 

7 

8 

9 

10 

12 

14 

15 

10 

18 

20 

22 

24 

All  reducing  fittings  1-3! " 
inclusive  have  same  cent- 
er to  face  dimensions  as 
straight  size  fittings. 

2! 

35 

3 

3 

3! 

4 

4! 

5 

6 

7 

7 

8 

9 

10 

10 

14 

lo 

16 

17 

18 

30 

21 

23 

26 

29 

30 

32 

34 

37 

40 

12 

125 

13! 

14! 

15J 

175 

185 

20! 

235 

265 

071 

29 

31 

34 

37 

41 

' 

2 

2! 

2! 

2! 

35 

2! 

25 

2! 

2! 

2! 

25 

3 

3 

3 

3 

3 

F-Center  to  Face,  Branch  

13 

iiL 

145 

15! 

16!    185 

195 

315 

24!    37! 

28! 

30!  i  3?{ 

36 

39     43 

The  Dimensions  Given  Above  Aee  Those  Adopted  as  a  Compromise  by  the  Committees  Responsible  fOK 
THE  "U.  S.  1913  Standard"  and  the  Competing  "Manufacturers  Standard." 
For  Explanation  See  Pages  527  and  530 
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111  this  comproiiii.so  the  bolting  was  increased  where  it 
was  thought  necessary.  Additional  size  flanges  were 
idded  and  the  centor-to-face  and  face-to-face  dimensions 
(vere  altered  to  conform  to  these  requirements. 

ExPLANATOIiY    NOTES 

(1)  Standard  and  extra-heavy  reducing  elbows  carry 
same  dimensions  center  to  face  as  regular  elliows  of  larg- 
est straight  size. 

(2)  Standard  and  extra-heavy  tees,  crosses  and  lat- 
erals, reducing  on  run  only,  carry  same  dimensions  face 
to  face  as  largest  straight  size. 

(3)  If  flanged  fittings  for  lower  working  pressure 
than  125  lb.  are  made,  they  shall  conform  in  all  dimen- 
sions except  thickness  of  shell,  to  this  standard  and  shall 
have  the  guaranteed  working  pressure  cast  on  each  fit- 
ting. Flanges  for  these  fittings  must  be  standard  di- 
mensions. 

(i)  Where  long-radius  fittings  are  specified,  it  has 
reference  only  to  elbows  which  are  made  in  two  center- 
to-face  dimensicms  and  to  be  known  as  elbows  and  long- 
radius  elbows,  the  latter  being  used  only  when  so  speci- 
fied. 

(5)  All  standard-weight  fittings  must  be  guaranteed 
for  125  lb.  working  pressure  and  extra-heavy  fittings  for 
250  lb.  working  pressure,  and  each  fitting  must  have 
some  mark  cast  on  it  indicating  the  maker  and  guaranteed 
working  steam  pressure. 

(6)  All  extra-heavy  fittings  and  flanges  to  have  a 
raised  surface  of  -jV  in.  high  inside  of  bolt  holes  for  gas- 
kets.    Standard-weight  fittings  and  flanges  to  be  plain 


cari'v  same  iliniensions  center  to  fate  and  face  to  face  as 
regular  tees  having  same  reductions. 

(11)  Bullhead  tees  or  tees  increasing  on  outlet,  will 
have  same  center-to-face  and  face-to-face  dimensions  as 
a  straight  fitting  of  the  size  of  the  outlet. 

(12)  Tees  and  crosses  9  in.  and  down,  reducing  on 
the  outlet,  use  the  same  dimensions  as  straight  sizes  of 
the  larger  port.  Size  10  in.  and  up,  reducing  on  the 
(jutlet,  are  made  in  two  lengths,  depending  on  the  size 
of  the  outlet  as  given  in  the  table  of  dimensions.  Laterals 
3y2  in.  and  down,  reducing  on  the  branch,  use  the  same 
dimensions  as  straight  sizes  of  the  larger  port. 

(13)  Sizes  4  in.  and  up,  reducing  on  the  branch,  arc 
made  in  two  lengths,  depending  on  the  size  of  the  branch 
as  given  in  the  talile  of  dimensions.  The  dimensions  of 
reducing  flanged  fittings  are  always  regulated  by  the  re- 
ductions of  the  outlet  or  branch.  Fittings  reducing  on 
the  run  on!}',  the  long-body  pattern  will  always  be  used. 
Y's  are  special  and  are  made  to  suit  conditions.  Doulile 
sweep  tees  are  not  made  reducing  on  the  run. 

^14)  Steel  flanges,  fittings  and  valves  arc  recom- 
mended for  superheated  steam. 


Ten-Foot  Flywheel   Explodes 

The  accompanying  illustrations  show  the  result  of  a 
recent  flywheel  explosion  at  the  power  house  of  the 
Lawrence  Paper  Manufacturing  Co.,  Lawrence,  Kan. 
The  engine  was  a  14x36-in.  horizontal  rolling-mill  type, 
simple  noncondensiug  and  ran  normally  at   120   r.p.m. 


Tin:  IiKMAixs  of  the  10-Ft.   FLYWJii:r:L 


faced.     Bolt  holes  to  be  i/g  in.  larger  in  diameter  than 
bolts.     Bolt  holes  to  straddle  center  line. 

(7)  Size  of  all  fittings  scheduled  indicates  inside  di- 
ameter of  ports,  except  for  extra-heavy  fittings  14  in. 
and  larger  when  the  port  diamclcr  is  ^'4  in.  smaller  than 
nominal  size. 

(8)  The  face-to-face  dimension  of  reducers,  either 
straight  or  eccentric,  for  all  pressures,  shall  be  the  same 
face  to  face  as  given  in  table  of  dimensions. 

(9)  Square-head  bolts  with  hexagonal  nuts  are  recom- 
mended. For  bolts,  1%  in.  diameter  and  larger,  studs 
with  a  nut  on  each  end  are  satisfactory.  Hexagonal  nut? 
for  pipe  sizes  1  to  46  in.  on  125-lb.  standard,  and  1  to 
16  in.  on  250-lb.  standard  can  be  conveniently  pulled  up 
with  open  wrenches  of  minimum  design  of  heads.  Hexag- 
(inal  nuts  for  pipe  sizes  48  to  100  in.  on  125-lb.,  and 
18  to  48  in.  on  250-lb.  standards,  can  be  conveniently 
])ulled  up  with  box  wrenches. 

(10)  Twin  elbows,  whether  straight  or  reducing, 
carry  same  dimensions  center  to  face  and  face  to  face 
as  regular  straight  size  ells  and  tees.  Side  outlet  elbows 
and  side  outlet  tees,  whether  straight  or  reducing  sizes. 


It  is  right  hand,  is  belted  forward  and  runs  under.  TIh' 
10-ft.  flywheel  was  built  in  two  sections,  with  a  21-in. 
face  and  weighed  9300  lb. 

The  governor  is  of  the  center-weight  type  and  has 
an  automatic  stop. 

The  accident  occurred  at  10:15  p.m.  One  piece  of  tlie 
rim,  weighing  822  lb.,  was  thrown  through  the  roni' 
and  landed  225  ft.  distant.  Another  piece,  weight  5."iit 
lb.,  was  thrown  forward  through  the  engine-room  brick 
wall,  up  through  the  roof  of  the  dryer  room,  across  the 
railway  track,  coming  down  in  the  corrugation  depart- 
ment, a  distance  of  200  ft.  This  piece  fell  through  a 
licnch  where  several  girls  work  during  the  day.  Other 
])ieccs  were  found  around  the  engine  room.  The  total 
weight  of  all  the  pieces  recovered  was  8140  lb. 

Some  idea  of  tlie  speed  of  the  engine  may  be  hadfroni 
the  fact  that  both  arms  holding  the  governor  weights 
were  bent  out  at  an  angle  of  45  deg.  from  the  original 
direction. 

It  is  presumed  that  the  governor  was  coupled  short 
and  could  not  shorten  the  cutoff  when  the  load  decreased. 
Fortunately,  no  one  was  injured. 
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Condenser-Tube   Corrosion 


SYNOPSIS — The  lasling  qnalHtj  of  condenser  tubes  is 
found  to  depend  more  upon  their  microstructure  than 
upon  their  dvunical  composition.  Slow  annealing  at  a 
temperature  of  not  over  JtOO  C.  after  hard  drawing  pro- 
duces a  close  metal  of  uniform  grain  which  will  greatly 
oullnM  untreated  tubes  of  the  same  material. 

The  committee  on  steam  turbines  of  the  Association  o£ 
Edison  Illuminating  Companies,  of  which  committee 
J..  P.  Sparrow,  chief  engineer  of  the  New  York  Edison 
Co.,  is  chairman,  submitted  a  report  to  the  annual  con- 
vention recently  held  at  Cooperstown,  N.  Y.,  which  con- 
tains the  most  satisfactory  and  promising  treatment  of 
the  causes  of  corrosion  in  condenser  tubes  which  has 
come  to  our  knowledge. 

The  committee  classifies  tube  troubles  into  three 
groups : 

First — Split  or  cracked  tubes. 

Second — Pitted  tubes. 

Third — More  or  less  complete  dezincification  resulting 
in  brittle  tubes. 

The  committee  assumes  that  the  formerly  prevalent 
idea  that  corrosion  was  due  to  electrolytic  action  of  stray 
outside  currents  is  no  longer  given  weight,  but  that  local 
galvanic  action  set  np  in  the  constituents  of  the  alloy  by 
the  presence  of  an  electrolyte  is  the  only  reasonable  ex- 
planation of  condenser-tube  deterioration. 

Split  tubes  are  caused  by  improper  mill  treatment, 
either  of  drawing  or  annealing.  A  hard-drawn  tube  has 
internal  strains,  which  in  many  cases  results  in  a  split 
before  the  tube  is  placed  in  service.  Cracks  at  right 
angles  to  the  axis  of  the  tube  may  occur  when  the  tube 
is  subject  to  constant  deflection,  due  to  improper  sup- 
port, by  vibration,  due  to  steam  impact,  and  consequent 
hammering  on  supporting  plates,  or  by  constant  deflec- 
tion and  rotation,  due  to  friction  of  steam  on  the  tube 
surface. 

It  is  practically  the  unanimous  opinion  of  manufac- 
turers that  split  tubes  may  be  avoided  if  the  user  will  ac- 
cept tubes  of  the  proper  temper. 

The  results  of  observations  made  upon  tubes  in  ser- 
vice, and  of  accelerated  corrosion  tests,  have  recently  led 
to  the  belief  that  the  micro-structure  of  the  alloy  had  a 
greater  bearing  on  the  corrosion  and  life  of  the  tube, 
than  the  actual  composition  of  the  alloy  itself.  A  batch 
of  tubes  from  one  mill,  and  produced  as  one  lot,  would 
have  various  lengths  of  life  according  to  their  grain 
size  and  hardness. 

This  fact  led  to  an  investigation  of  the  composition, 
structure  and  mill  treatment  of  the  tubes  in  question, 
and  it  was  quite  evident  that  a  coarse-grained  structure 
gave  short  life,  that  a  fine  grain,  if  obtained  by  hard 
drawing,  gave  short  life,  but  that  the  fine  grain  of  hard 
drawing,  relieved  of  strain  by  light  annealing,  gave  evi- 
dence of  the  longest  life  that  could  be  expected  from  a 
piiiticular  alloy. 

This  belief  is  strengthened  by  the  fact  that,  with  the 
exception  of  tube  failures  from  mechanical  defects,  all 
failures  of  coarse-grained  tubes  come  within  the  second 
tube-trouble  classification  of  "pitted  tubes,"  while  all 
fine-grained  soft-tube  failures  are,  with  the  same  excep- 
tion as  noted,  from  complete  dezincification,  tube  life  in 


this  case  being  the  longest  that  can  be  expected  under 
existing  conditions  of  operation. 

Investigation  showed  conclusively  that  the  method  of 
tube  production  then  practiced  resulted  in  very  great 
lack  of  uniformity,  which  in  all  probability  accounts  for 
the  erratic  results  noted  in  service.  This  is  forcibly 
shown  by  a  plate  accompanying  the  original  paper  con- 
taining ten  microphotographs  of  tube  sections  taken  at 
random  from  mill  shipments.  Five  of  these  were  with 
the  ordinary  mill  treatment,  and  five  where  the  mill 
treatment  had  been  such  as  to  secure  a  uniform  product. 
Our  Pigs.  1  to  4  are  selections  from  this  group  of  tests, 
1  and  2  showing  the  coarse-grained  structure  of  the  or- 
dinary mill  process,  and  3  and  4  the  same  material  after 
its  structure  had  been  reduced  by  hard  drawing  and  an- 
nealing. The  chemical  composition  of  all  four  tubes  is 
precisely  the  same  (70  Cu  29  Zn  1  Sn),  and  the  life  of 
those  which  have  been  treated  so  that  their  structure  is 
like  that  shown  in  Figs.  3  and  4  is  considerably  greater 
than  that  of  the  tubes  with  the  coarser  structure.  The 
reproductions  herewith  shoAv  a  magnification  of  about 
50  diameters. 

For  salt-water  conditions  such  as  prevail  about  New- 
York,  the  maximum  life  of  the  above  mixture  (so  called 
Admiralty)  is  approximately  six  years.  No  other  cop- 
per-zinc alloy  has  as  yet  given  promise  of  longer  life, 
although  sample  tubes  of  70-30,  80-20,  90-10  are  in  ser- 
vice and  under  observation  on  the  theory  that  zinc,  act- 
ing simply  as  a  deoxidizing  agent,  might  best  be  re- 
duced to  minimum  quantity  on  account  of  its  electro- 
chemical activities. 

If  this  theory  is  correct,  it  will  at  once  be  asked,  Why 
any  zinc  at  all;  why  not  pure  copper?  The  answer  is 
that  commercially  copper  is  not  pure,  but  an  alloy  or 
solid  solution  of  copper  oxide  in  copper,  the  oxide  being 
electro-negative. 

Other  alloys  than  70-20-1  have  been  used  with  varying 
results ;  60-40  or  Muntz  metal  is  a  standard  mixture  and 
has  no  advantage  over  the  richest  copper  alloy  other  than 
price ;  70-30  brass  gives  similar  service  to  Admiralty  and, 
like  this  mixture,  depends  on  structure  and  hardness  for 
long  life. 

Alloys  other  than  copper-zinc,  as  Monel  metal,  69  Ni 
28  Cu  3  misc. ;  cupro  nickel,  28  Ni  72  Cu ;  aluminum 
bronze  in  8,  5  and  3  per  cent,  of  aluminum  have  been 
tried  with  varying  results. 

Monel  metal  is  not  proof  against  corrosion  in  salt 
water,  as  is  shown  by  Fig.  5,  where  the  first  or  left-hand 
sample  shows  the  result  of  simple  immersion  of  a  Monel 
metal  tube  in  sea  water  for  a  period  of  11  months.  The 
central  sample  shows  what  happened  to  the  same  tube 
in  condenser  service  for  one  year  and  eight  months. 

The  copper-aluminum  alloys  give  promise  for  salt- 
water service  of  being  the  most  durable  tube  yet  pro- 
duced. Unfortunately  they  are  difficult  to  manufacture 
with  the  higher  Al  contents.  It  may  be  possible  that  Al 
acting  as  a  deoxidizer  may  be  fully  as  effective  in  the 
3  to  5  per  cent,  mixtures.     These  are  now  being  tried. 

A  sample  lot  of  these  tubes  with  an  8  Al,  92  Cu  alloy 
has  been  in  service  for  4%  years  and  shows  no  signs  of 
deterioration.  The  right-hand  sample  in  Fig.  5  shows 
the  appearance  of  one  of  these  tubes  after  this  term  of 
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service.  A  second  lot  of  the  same  mixture  failed  in  four 
mouths  under  the  same  service  conditions,  and  a  third 
lot  now  in  service  gives  promise  of  duplicating  the  per- 
formance of  the  first. 

The  reason  for  the  diilereuce  in  performance  evidently 
lies  in  the  difference  in  structure  as  affected  by  mill  treat- 
ment. The  first  lot  shows  the  characteristic  structure  of 
the  Al  bronzes  when  given  a  moderate  annealing;  see 
Fig.  6.  The  second  lot  shows  the  grain  size  resulting 
from  heavy  annealing.  Fig.  7.  The  third  lot  shows  the 
effect  of  light  annealing  after  hard  drawing,  Fig.  8. 

The  resulting  hardness  of  the  tubes  and  their  ability 
to  resist  crushing  is  practically  the  same  in  the  first  and 
third  lots.  Figs.  6  and  8.  The  second  lot,  Fig.  7,  is 
softer,  with  rough  longitudinal  scratches  caused  by  the 
scoring  of  the  dies  by  the  oxide  of  alumina  formed  by 
the  high  temperature  of  the  annealing  process. 

Figs.  9  and  10  show  the  structures  of  5  and  3  per  cent, 
aluminum-bronze  tubes  lightly  annealed.  Structures  of 
rO-30,  80-30  and  90-10  Cu  Zn  alloys  are  shown  by  Figs. 
11,  12  and  13  for  comparison. 

While  it  is  still  impossible  to  draw  definite  conclusions 
from  the  results  of  the  many  experiments  and  investiga- 
tions  \uider  way,   it  seems   reasonable   to   conclude  that 


Fig.  .5.  Moxel  Mictal  and  Aluminum  Alloys 

the  user  may  protect  himself  to  the  full  extent  of  present 
knowledge  by  recjuiring  a  manufacturer  to  furnish : 

First — Mechanically  perfect  tubes,  free  from  slivers 
and  blisters. 

Second — Tubes  of  uniform  hardness,  as  shown  from 
random  selection.  Test  to  be  deflection  I)etween  1-iu. 
square  blocks,  weighted  to  secure  deflection  of  0.00.5  in. 


For  the  70-29-1  mixture  this  weighting  should  be  from 
400  to  500  lb.  for  a  1-in.  O.D.  tube  18  gage. 

Third — Uniform  grain  size  in  cross-section.  This  grain 
size  should  be  fine  and  secured  by  final  light  annealing 
at  low  temperature  (400  deg.  C.)  and  extended  time. 

Highly  finished  tubes  are  not  necessary  and  indicate 


Fig.  14.  Dezixcifikd  TriiK  "lo  Cu  29  Zn  1  Sn 

final  hard   drawing,  producing  an  ununiform  structure. 
Fig.  14  is  a  magnified  cross-section  of  a  tube  having 
the   composition   70   Cu    29   Zn    1    Sn.     Dezincification 
is  almost  complete;  the  black  areas  are  spongy  copper. 

Peculiar  Boiler  Design 

By  Geodgi-:  ]?.  L().\(!s-i-I!LI':t 

While  looking  over  some  second-hand  boilers  recently, 
I  came  across  the  one  shown  in  the  illustration. 

It  is  a  vertical,  fire-tube  boiler,  8  ft.  1  in.  long  by  36 


Boiler  of  Peculiar  Design 

in.  in  diameter.  The  shell  and  firebox  sheet  are  %  in. 
thick  and  the  tube  sheet  ^^  in.  thick.  The  stay-bolts  are 
%  in.  in  diameter  and  sustain  42  sq.in.  of  surface.  There 
are  65  two-inch  tubes,  6  ft.  long. 

The  most  uncommon  features  are  the  double-riveted 
girth  seams  and  the  tube-sheet  bracing,  thirteen  Yg-iT^- 
stay-rods  parallel  with  the  tubes,  and  headed  over. 
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The  Induction  Motor — I 

By  F.  a.  Axxett 

Tlie  almost  universal  use  of  electric  drive  has  created 
a  demand  for  motors  to  satisfy  innumerable  conditions. 
However,  to  build  a  motor  possessing  all  the  desirable 
characteristics  of  the  ideal  motor  is  something  that  the 
electrical  manufacturers  recognize  as  physically  impos- 
sible, and  since  the  limitations  of  design  make  it  im- 
possible to  construct  a  universal  motor,  they  are  giving 
more  and  more  attention  to  the  specific  requirements  of 
each  class  of  service. 

For  driving  certain  kinds  of  machinery  the  direct-cur- 
rent motor  has  no  equal,  the  introduction  of  the  inter- 
pole  having  made  it  possible  to  meet  still  more  exacting 
conditions,  where  variation  in  speed  and  constant  torque 
are  required.  For  this  reason  almost  all  direct-driven  ma- 
chine tools  and  many  other  devices  are  driven  by  direct- 
current  motors  either  of  the  shunt  or  compound  types. 

There  are  many  localities,  however,  where  only  alter- 
nating current  is  available,  and  unless  converted  into 
direct  current,  which  requires  more  or  less  complicated 
and  expensive  machinerj^  the  use  of  alternating-current 
motors  is  necessary ;  these  are  usually  of  the  polyphase 
or  single-phase  induction  type,  polyphase  induction  mo- 
tors being  used  almost  exclusively  for  the  larger  sizes 
where  polyphase  current  is  available. 

For  a  great  many  working  conditions  polyphase  induc- 
tion motors,  both  of  the  squirrel-cage  and  wound-rotor 
types,  possess  advantages  over  direct-current  motors;  for 
example,  in  cement  mills,  grain  elevators,  flour  mills, 
saw  mills,  or  any  place  where  it  is  very  dirty  and  dusty 
and  where  a  fairly  constant  speed  and  good  starting 
torque  is  required.  Also  their  extreme  simplicity,  low 
maintenance  charges,  solidity  of  construction  and  ability 
to  stand  hard  usage  are  some  of  the  characteristics  that 
make  them  an  ideal  type  for  use  on  alternating-current 
circuits.  There  are  eases  of  squirrel-cage  polyphase  in- 
duction motors  driving  pumps  in  excavations  that  have 
been  entirely  submerged  and  kept  on  running  until 
pumped  dry  without  any  apparent  injury  to  the  motor. 
Some  polyphase  squirrel-cage  rotor-type  induction  mo- 
tors are  built  impregnated  with  a  special  oil  and  water- 
proof insulation  which  results  in  a  winding  that  can 
be  immersed  in  water  and  operated  there  without  dam- 
age. 

There  are,  however,  localities  where  it  becomes  neces- 
sary for  the  central  station  to  supply  single-phase  cur- 
rent to  its  patrons.  Under  such  conditions,  the  single- 
phase  induction  motor  must  be  used,  also  in  the  smaller 
sizes  it  has  advantages  over  the  jDolyphase  types;  it  re- 
quires but  two  wires  and  one  transformer,  thus  reducing 
the  expense  of  wiring  and  transformers  about  25  to  30 
per  cent. 

The  ever-increasing  extension  of  alternating-current 
systems  has  created  a  demand  for  motors  that  will  meet 
the  requirements  of  the  many  industrial  conditions,  to 
meet  which  the  electrical  manufacturers  have  made  manv 


improvements  in  alternating-current  motors  and  are 
now  able  to  supply  them  for  almost  any  drive,  the  operat- 
ing characterist'cs  comparing  favorably  with  the  direct- 
current  motor.  The  changeable-pole  polyphase  induction 
motor  and  the  single-phase  commutator-type  variable- 
speed  motor  both  operate  through  wide  ranges  of  speed 
depending  upon  the  design,  and  the  compensated  single- 
phase  motor  operates  at  approximately  unity  power  fac- 
tor from  half  to  full  load. 

If  the  direction  of  the  current  is  reversed  through  a 
direct-current  motor  the  direction  of  rotation  reniain.-i 
unchanged;  hence,  theoretically  any  direct-current  motor 
should  operate  on  an  alternating-current  circuit.  Under 
this  condition  not  only  the  armature  core,  but  also  the 
field  frame  must  be  laminated  to  keep  the  eddy  currents 
down  to  a  minimum.  For  the  motor  to  operate  satis- 
factorily, however,  the  current  must  reverse  in  the  arma- 
ture and  in  the  field  at  the  same  time;  that  is,  the  field 
current  must  be  in  phase  with  the  armature  current. 
The  simplest  way  to  fulfill  this  condition  is  to  connect 
the  armature  and  field  circuit  in  series.  The  speed, 
torque  and  load  characteristics  of  this  series  commutator 
type  alternating-current  motor  are  distinctly  analogous 
to  that  of  its  direct-current  prototype  operating  through 
wide  ranges  of  speed  and  torque.  On  account  of  having 
no  inherent  speed  regulation  its  use  is  confined  eithei 
to  fixed  loads  such  as  fans  or  blowers,  or  to  varying  loads 
where  the  motor's  controller  is  constantly  under  the 
guidance  of  an  operator.  For  cranes  and  railway  work 
this  type  is  admirably  adapted.  The  construction  and 
operation  of  this  type  of  motor  were  treated  in  an  article 
in  the  Oct.  1,   1913,  issue  of  PowEii. 

A  shunt  motor  will  not  operate  satisfactorily  on  an 
alternating-current  circuit  because  the  field  current  lags 
nearly  90  per  cent,  behind  the  armature  current.  This 
causes  the  motor  to  take  a  very  heavy  current  from  the 
line,  develop  a  very  small  torque  and  spark  badly  at 
the  brushes.  To  overcome  this  ditficulty  a  condenser  of 
such  capacity  as  will  bring  the  field  current  in  step  with 
the  armature  current  may  be  connected  in  the  field  cir- 
cuit (this  has  the  disadvantage  of  requiring  an  almost 
constant  frequency),  or  the  field  may  be  connected  to 
one  phase  of  a  two-phase  circuit,  and  the  armature  to 
the  other  i)hase.  This  brings  the  armature  current  almost 
in  step  with  the  magnetic  flux  of  the  field,  but  this 
loads  the  two  phases  unequally.  To  overcome  this  twci 
motors  may  be  used  combined  in  the  one  structure.,  the 
first  motor  receiving  its  armature  current  from  the  first 
phase  and  its  field  current  from  the  second  phase,  the 
second  motor  receiving  its  armature  current  from  the  sec- 
ond phase  and  its  field  current  from  the  first.  Such 
motors  have  been  built  and  used,  but  have  never  met  with 
favor,  due  to  excessive  cost  in  construction,  low  efficiency, 
sparking  at  the  brushes,  and  requiring  two-phase  circuits. 
Where  polyphase  alternating  current  is  available  it  is  in 
most  cases  advantageous  to  use  polyphase  induction  mo- 
tors. 
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Polyphase  induction  motors  are  usually  made  to  oper- 
ate on  two-phase  or  three-phase  circuits,  although  they 
are  sometimes  operated  on  single-phase  circuits;  the 
last  mentioned  type  will  be  considered  later. 

The  polyphase  motor  always  consists  of  two  parts,  the 
primary  member  and  the  secondary  member.  The  pri- 
inary   member   is  usually  stationary,   and   consists   of   a 


tator,  heavy  currents  will  be  set  up  in  them.  These  cur- 
rents wil'  react  upon  the  field  flux  and  the  armature 
will  revolve  with  the  field  frame.  This  is  how  the  rotor 
of  a  polyphase  induction  motor  is  made  to  revolve,  only 
the  revolving  magnetic  field  is  produced  electrically  and 
not  mechanically  as  described  alaove ;  this  will  be  made 
evident  in  the   following   explanation : 


Fig.  1. 


Typical  Stator  Fig.  2.    Typical  Eotor 

The  Tvvo  1  kincipal  Parts  of  a  Polyphase  Induction  Motor 


laminated  iron  ring  slotted  on  its  inner  surface,  in 
which  are  placed  the  primary  coils,  or  as  it  is  usually 
called,  the  stator  winding.  Fig.  1  shows  the  stationary 
member  of  such  a  motor. 

The  secondary  member,  or  rotor,  consists  of  a  lami- 
nated iron  core  slotted  on  the  surface.  These  slots  are 
usually  partly  closed  at  the  top  and  carry  heavy  insulated 
copper  bars,  each  end  connected  to  a  heavy  copper  ring. 
Fig.  2  shows  the  rotor  used  in  the  stator  shown  in  Fig.  1. 
The  copper  bars  are  represented  at  .4  and  the  short- 
circuiting  ring  at  B. 

If  the  field  frame  of  a  direct-current  machine  should 
be   arranged   so   that    it   could   be   revolved  in   a   set   of 


When  an  electric  current  passes  through  a  conductor 
it  sets  up  a  magnetic  field  which  surrounds  the  wire. 
The  direction  of  the  lines  of  force  bears  a  definite  rela- 
tion to  the  direction  of  the  current,  that  is,  when  look- 
ing along  the  conductor  in  the  direction  the  current  is 


l>oim  Fhw/nq 

Currenf 

Fig.  3a 


l/p  F/oY^/r?^  Current 

Fig.  3b 


Fig.  4 


bearings,  the  field  coils  excited,  and  the  commutator  on 
the  armature  short-circuited  with  a  copper  ring,  revolv- 
ing the  field  frame  would  revolve  the  magnetic  field 
about  the  armature  conductors  and  would  have  the  same 
effect  as  revolving  the  armature  conductors  across  the 
magnetic  field  of  the  pole  pieces;  that  is,  the  armature 
conductors  will  have  an  electromotive  force  induced  in 
them,  and  since  they  are  short-circuited  on  the  commu- 


FlG.     5.      liEPRESENTS     C'UIiRENT    WavES    IN    TwO-PhASE 

Circuit 

fiowing  the  direction  of  the  lines  of  force  will  be  clock- 
wise. Fig.  3a  shows  the  direction  of  the  lines  of  force 
about  a  conductor  when  the  current'  is  flowing  away 
from  the  reader  and  Fig.  3  b  the  direction  when  the  cur- 
rent is  toward  the  reader. 

The  action  of  the  magnetic  flux  about  a  group  of  coils 
in  the  stator  of  an  induction  motor  is  shown  in  Fig.  4. 
The  small  circles  represent  the  conductors  in  section. 
The  conductors  marked  with  a  cross  represent  current 
flowing  away  from  the  reader  and  those  marked  with  a 
dot,  the  current  flowing  toward  the  reader.  The  action 
of  the  current  in  each  group  of  conductors  is  to  produce 
a  magnetic  field  along  the  dotted  lines  as  shown  by  the 
arrow-heads.    From  this  it  is  seen  that  the  lines  of  fores 
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iurronufliiig  each  conductor  coalesce  into  one  field  sur- 
■oiinding  the  entire  group  and  produce  north  and  south 
Jdlcs.  ns  shown. 

In  Fig.  5,  the  curves  .-1  and  B  represent  the  two  current 
\aves  in  a  two-phase  circuit.  That  part  above  the  line 
•epresents  current  in  one  direction  and  that  below  the 
ine  current  in  the  opposite  direction.  When  curve  A 
s  at  a  maximum,  curve  B  is  at  zero,  and  vice-versa; 
hat  is,  the  two  currents  are  90  degrees  apart,  and  if  two 
;ets  of  windings  are  properly  spaced  in  the  stator  of  an 
nduction  motor  and  connected  to  a  two-phase  circuit 
1  revolving  field  can  be  produced  as  the  following  dis- 
!Ussion  will  show. 

Fig.  6  shows  the  distribution  of  a  six-pole  two-phase 
tator   winding,   the   outside   groups    of   coils   belong    to 


place  at  .L  and  /I3,  respectively.  Referring  to  the  cui- 
rcnt  curves.  Fig.  5,  and  considering  the  instantaneous 
values  at  a  it  will  be  seen  that  the  current  in  phase  A 
is  at  a  maximum,  and  the  current  in  piiase  B  is  at  zero. 
This  will  give  a  condition  as  is  shown  in  Fig.  7a;  the 
current  in  conductors  A  will  be  at  a  maximum  and  that 
in  conductors  B  will  be  at  zero.  Assuming  that  the  cur- 
rent is  flowing  down  through  the  plane  of  the  paper  at 
A  and  up  at  A^,  down  at  .4,,  and  up  at  A^,  the  con- 
ductors with  current  flowing  down  are  marked  with 
a  cross,  and  those  with  current  flowing  up  are  marki.l 
with  a  dot.  Conductors  B,  B^,  B„  and  B^  are  left  blank 
because  there  is  no  current  flowing  in  them  at  this  in- 
stant. By  referring  to  Fig.  4,  and  noting  the  directi(iii 
of  the  lines  of  force  set  up  about  the  conductors  it  will 


Fifi.  (3. 


Fig.  7a 


Fig.  7b 


Fig.  7-c 


Fig.  7-d 
Gkaphic  Representatiox  of  Rotating  Field 


Fig.  7-e 


ne  phase  and  the  inside  groups  belong  to  the  other 
hase;  there  are  six  groups  in  each  phase,  or  one  group 
or  each  pole.  This  winding  is  similar  to  the  winding 
hown  in  Fig.  1,  only  the  coils  are  placed  differently  in 
be  slots. 

Fig.  7a  reprjsents  a  simple  two-phase  four-pole  wlnd- 
iig  laid  against  the  inner  surface  of  a  ring,  A  and  B 
eing  the  groups  of  conductors  of  each  phase,  respectively. 
I  and  A^  represent  the  two  sides  of  one  group,  Ar,  and  Ar^ 
epresent  the  two  sides  of  the  other  group  in  phase  A. 
?  and  S,  represent  the  two  sides  of  one  group  and  B.^ 
nd  B^  the  two  sides  of  the  other  group  in  phase  B. 

If  a  current  is  flowing  down  through  the  conductors 
,t  A  it  will  be  flowing  up  at  A.^,  similar  action  taking 


be  seen  that  conductors  A.  A^,  A.,  and  /I3  will  have  lines 
of  force  set  up  about  them  in  the  direction  shown  by 
the  dotted  lines  forming  four  equally  spaced  poles,  north 
poles  at  B  and  B.,,  and  south  poles  at  B.^  and  B^,  as  indi- 
cated. 

At  the  instant  h  on  the  curves  A  and  B,  Fig.  5,  the 
currents  in  the  two  phases  have  the  same  value  and 
direction.  In  Fig.  7b,  assuming  the  current  to  be  flow- 
ing down  through  the  plane  of  the  paper  in  B  and  -B,, 
and  up  at  B^  and  B^,  then  the  currents  in  B,  B^,  B„  and 
Br,  will  be  in  the  same  direction  as  the  currents  in  A, 
A^,  A^  and  A^,  respectively,  and  the  lines  of  force  will 
encircle  the  groups  A  and  B,  4,  and  B^,  A„  and  B„,  and 
4 3  and  -B3,  respectively,  in  the  direction  indicated.     This 
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will  cause  the  poles  to  shift  one-sixteenth  of  a  revolution 
in  a  clockwise  direction  as  indicated  by  the  arrows. 

The  current  in  phase  A  at  the  instant  c.  Fig.  5,  is  at 
zero,  and  the  current  in  phase  B  is  at  a  maximum  value. 
This  will  produce  a  condition  as  shown  in  Fig.  7c,  and 
the  four  poles  will  have  shifted  around  one-sixteenth  of 
a  revolution  in  the  same  direction  as  before. 

At  the  instant  d.  Fig.  5,  the  currents  in  phases  A  and  B 
are  again  equal,  but  that  in  phase  A  is  opposite  iu  direc- 
tion. This  is  just  as  it  should  be,  as  will  be  seeu  in 
Fig.  7d.  The  current  in  phase  A  will  flow  down  through 
the  plane  of  the  paper  at  A^  and  ..4.3,  and  up  through  the 
plane  of  the  paper  at  .-I  and  A^.  Lines  of  force  will  be 
set  up  around  the  groups  of  condixctors  B  A^^,  Bj  .I2, 
Bo  A-i,  B-,  Ai,  respectively,  and  the  four  poles  will  have 
shifted  around  one-sixteenth  of  a  revokitiou  in  the  same 
direction  as  before.  The  position  of  the  poles  is  as 
indicated. 

The  current  in  phase  A  at  the  instant  e.  Fig.  5,  is 
again  at  a  maximum  and  that  in  phase  B  is  at  zero. 
The  corresponding  positions  of  the  poles  are  represented 
in  Fig.  7e. 

During  the  period  from  a  to  e  the  current  in  each 
phase  has  passed  through  one  alternation,  or  one-half 
cycle,  and  the  poles  have  shifted  90  degrees,  or  one- 
fourth  of  a  revolution,  that  is,  one  pole  space.  In  a 
six-pole  machine  the  poles  would  have  shifted  one-sixth 
of  a  revolution;  in  an  eight -pole  machine  one-eighth  of 
a  revolution,  etc.  From  this  it  will  be  seen  that  as  the 
currents  in  the  two  phases  continue  to  change,  the  mag- 
netism sweeps  aroimd  (although  the  core  and  coils  re- 
main stationary)  at  a  speed  per  minute  which  is  equal 
to  the  alternations  per  miiiute  divided  by  the  number 
of  poles  per  phase. 

Since  one  cycle  equals  two  alternations,  and  the  fre- 
quency is  expressed  in  cycles  per  second,  the  formula 
for  the  revolutions  per  minute  may  be  expressed  thus : 
120  / 
P 


S  = 


(1) 


Where 

S  =  revolutions  per  minute, 

/  =  cycles  per  second, 

p  =  number  of  poles  per  phase. 

As  the  magnetic  field  revolves  about  the  rotor,  the  lines 
of  force  are  cut  by  the  rotor  conductors  just  as  the 
conductor  in  the  armature  of  the  direct-current  machine 
would  cut  the  lines  of  force  if  the  field  magnets  were 
revolved  mechanically,  and  in  the  same  way  the  rotor 
conductors  will  have  an  electromotive  force  induced  in 
them,  which  will  set  up  currents  that  react  upon  the 
magnetic  field  of  the  stator,  and  will  be  carried  around 
with  it. 

Referring  again  to  the  direct-current  machine,  if  the 
armature  had  been  revolved  at  the  same  rate  as  the  field 
magnets  the  conductors  on  the  armature  would  not  have 
cut  any  of  the  lines  of  force  from  the  field  magnets  and 
would  not  have  an  electromotive  force  induced  in  them. 
From  this  it  will  be  seen  that  the  armature  must  revolve 
slower  than  the  field  magnets,  so  that  currents  may  be 
set  up  in  the  armature  conductors  to  develop  the  neces- 
sary torque  to  carry  the  load.  This  is  also  true  of  the 
polyphase  induction  motor.  The  speed  S  referred  to  in 
formula  (1)  is  the  speed  at  which  the  magnetic  field 
revolves,   or  synchronous  speed,   as  it  is  usually  called/ 


The  difference  between  the  synchronous  speed  and  the 
indicated  speed  of  the  rotor  is  called  the  slip.  In  a  given 
motor  the  slip  depends  upon  the  load.  At  no  load  the 
motor  runs  at  very  nearly  synchronous  speed,  while  at 
full  load  in  well  designed  motors  the  slip  should  not 
amount  to  more  than  2.-5  per  cent,  on  large  motors  and 
7.5  per  cent,  on  small  motors. 

If  fS"  represents  the  indicated  speed  of  the  rotor  and 
-S^  the  synchronous  speed  as  expressed  in  formula  (1), 
then  the  slip  equals  S  —  S' .  Expressing  this  as  a  percent- 
age: 

^  (>V  —  S')  100 


Per  cent,  slip 


(3) 


For   example : 

A  six-jjole  motor  is  connected  to  a  60-cycle  circuit, 
the  indicated  speed  is  1150  revolutions  per  minute.  Find 
the  percentage  of  slij). 

„       120  /      120  X  00       , ,  _  _ 

S  = ^  = ^ =  120(.)  r.p.m. 

,      ,.         OS' —  ;S^')  100       (1200  —  1150)  X  100 
Per  cent,  slip  = —  -^ 


=  4.17  2>e>'  cent. 
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Two  Cases  of  Hunting 

The  letters  by  A.  X.  Kerr  and  V.  K.  Stanley  on  the 
above  subject  which  appeared  in  Power  for  Sept.  2,  are 
noted.  Theirs  are  evidently  cases  of  the  engine  governors 
being  oversensitive.  In  such  cases  the  engines  when  on 
load  alone  will  run  steadily  and  keep  a  constant  voltage, 
but  when  run  in  parallel  the  trouble  starts,  which  usually 
ends  up  by  one  set  falling  out  of  step. 

The  writer  has  had  several  cases  of  this  kind  and  in 
every  instance  has  been  able  to  overcome  it  by  fitting  a 
fairly  powerful  oil  dashpot  to  the  governors  with  adjust- 
ing screws  to  regulate  the  flow  of  oil  from  top  to  bottom 
of  the  piston.  Such  an  arrangement  is  easily  fitted,  even 
iu  the  case  of  the  flywheel  type  of  automatic  governor, 
in  which  case  it  would  be  carried  ofl'  a  knuckle  joint  at 
its  bottom  end  and  fitted  witii  a  gland  where  the  connect- 
ing-rod leaves  the  cover.  An  arrangement  similar  to  this 
was  fitted  to  some  large  sets  made  by  the  Westinghouse 
Machine  Co.  about  twelve  years  ago  and  put  into  a  Lon- 
don station  where  they  did  well. 

E.  E.  Peakce. 

Rochdale,  England. 


A  Giant  Merger  of  Power  Sy.Hteins,  four  in  all,  which  will 
furnish  power  for  the  operation  of  industries  in  western 
Nevada,  the  eastern  part  of  California  and  a  large  area  of 
southern  California,  has  just  been  announced  by  Delos  Chap- 
pell,  president  of  the  Southern  Sierras  Power  Co.  The  terri- 
tory to  be  covered  by  this  system  extends  from  a  point  as 
far  north  and  east  as  Round  Mountain  in  Nevada,  to  River- 
side and   surrounding  towns. 

The  various  systems  will  be  connected  through  a  line  be- 
tween Bishop  and  Lundy  Lake  and  the  full  connection  will  be 
effected  by  the  construction  of  a  line  from  Bishop  to  Long 
Valley  by  the  Silver  Lake  Power  &  Irrigation  Co.,  and  by  an 
extension  of  the  Pacific  Power  Co.'s  lines  from  Long  Valley  to 
Lundy  Lake. 

The  Silver  Lake  Power  Co.  has  projects  on  the  Owens 
River,  while  the  Pacific  Co.,  has  its  plant  on  Lundy  Lake. 
The  parent  company  is  the  Nevada-California  Power  Co.,  that 
gets  its  power  from  a  chain  of  five  hydro-electric  power 
plants  on  Bishop  Creek,  which  is  also  the  source  of  the  supply 
of  the  Southern  Sierras  Power  Co.  The  latter  company  also 
has  extensive  steam  plants  at  San  Bernardino,  Calif. 
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The  Farnham  Bituminous  Producer 

Of  more  than  passing  interest  in  the  field  of  siiction- 
as  producers  is  that  developed  under  the  Farnham  pat- 
nts  in  England  and  installed  in  an  electric-lighting 
lant  at  Skelmorlie,  a  residential  district  on  the  Clyde  in 
Icotland.  Although  having  now  been  in  operation  for 
ver  two  years  its  construction  is  perhaps  unfamiliar  to 
lost  American  readers. 

The  producer,  as  shown  in  Fig.  1,  is  of  the  up-draft 
ype  and  the  working  principle  eliminates  the  chance  of 
arry  matter  reaching  the  engines.  It  consists  of  a  bot- 
om  furnace  A,  above  which,  within  the  same  casting,  is 

brick-lined  generator  B.  At  the  top  of  the  generator 
he  gas  is  taken  out  and  is  conducted  downward  on  its 
I'ay  to  the  engine  through  a  pipe  surrounded  by  a  water 
acket  consisting  of  annular  rings,  whereby  steam  is  pro- 
ided  to  mix  with  the  air  necessary  for  gas  production, 
he  air  inlet  being  at  the  top.  The  annular  jacket  D 
urrounds  the  furnace  part  of  the  producer  and  thus 
irovides  a  means  of  rapid  steam  raising. 

A  novel  feature  is  the  rising  and  falling  grate  over 
?hieh  the  bituminous  fuel  is  charged  and  a  horizontal 
tiding  plate  E  actuated  by  gearing,  which  can  be  in- 
erted  at  the  bottom  of  the  body  of  incandescent  fuel  for 
upporting  it  while  the  furnace  is  being  recharged.  Rais- 


Fig.  1.  Section  through  Faekham  Producer 

ng  and  lowering  of  the  grate  is  effected  by  the  racks  F 
md  pinions  inclosed  in  such  a  way  as  to  be  out  of  con- 
act  with  the  ashes  or  clinker  in  every  position  of  the 
;rate.  Fig.  2  shows  the  grate  in  plan  and  the  position 
if  the  four  elevating-rack  rods.  The  racks  and  the  worms 
)y  which  the  plate  is  made  to  travel  are  either  actuated 
)y  hand  or  by  an  electric  motor  and  speed-reducing  gear, 
he  essential  parts  of  which  run  in  an  inclosed  oil  bath. 


To  charge  tiie  producer,  the  furnace  grate  with  its 
weight  of  incandescent  fuel  is  raised  about  10  in.  The 
gear-driven  sliding-plate  is  then  introduced  between 
the  top  of  the  grate  and  the  bottom  of  the  fuel  bed. 
The  whole  body  of  fuel  is  thus  supported  while  the  grate 
is  lowered  to  its  normal  position  and  the  fresh  charge  is 


Fig.  2.  Grate  of  Farnham  Producer 

inserted.  The  supporting  plate  is  then  withdrawn  and 
the  incandescent  fuel  rests  on  the  fresh  supply.  The 
charge,  which  generally  amounts  to  about  300  lb.  in  a 
producer  of  100  b.hp.,  is  fed  only  at  intervals  of  from 
three  to  four  hoiirs,  according  to  demands  upon  the  pro- 
ducer and  the  process  of  charging  takes  from  three  to 
four  minutes. 

As  soon  as  the  incandescent  fuel  falls  on  the  fresh 
charge  the  volatile  matter  is  liberated  and  passing  up 
through  the  whole  depth  of  superimposed  fuel,  is  decom- 
posed into  fixed  gases,  thus  eliminating  tar.  Moreover, 
opening  the  door  for  charging  does  not  in  any  way  affect 
the  working  of  the  producer  or  the  quality  of  the  gas. 

Poking  the  fuel  bed  is  said  to  be  unnecessary,  as  the 
action  of  raising  and  lowering  the  grate  compresses  the 
fuel  column  in  such  a  way  that  cavities  or  rifts  in  the 
fuel  are  eliminated.  In  the  opinion  of  Dugald  Clerk, 
the  plant  is  capable  of  producing  quite  clean  gas  from 
any  bituminous  fuel  whether  of  the  caking  or  noncaking 
variety,  as  the  fuel  which  he  tested  was  highly  bitumin- 
ous and  caking.  The  consumption  of  water  for  all  pur- 
poses under  ordinary  conditions  of  working  is  compara- 
tively small.  For  cooling  the  gas  it  amounts  to  1.1  T 
gal.  per  hp.-hr.,  while  for  the  vaporizer  only  0.3  gal.  per 
hp.-hr.  is  required. 

The  external  boiler  comes  into  operation  as  soon  as 
the  gases  leaving  the  producer  are  hot  enough  to  vaporize 
the  water  trickling  over  and  through  the  perforated  ledges 
surrounding  the  gas  main,  the  necessary  temperature 
being  reached  about  IV^  hr.  after  starting.  For  immedi- 
ate steam  raising  after  starting,  the  annular  jacket,  fit- 
ted at  the  bottom  of  the  producer  in  contact  with  the 
hottest  part,  comes  into  operation. 
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Performance  of  Motor  Ship  "Monte 
Penedo" 

After  covering  over  30,000  miles  in  regular  service 
between  Hamburg,  South  American  ports,  and  New 
York,  the  motor  ship  "Moute  Penedo"  was  recently  in- 
spected at  her  pier  in  Brooklyn  and  the  Diesel  engines 
were  found  to  be  in  excellent  condition. 

This  vessel,  it  will  be  remembered,  is  a  cargo  boat  of 
4000  tons  gross  register  and  was  placed  in  commission 
about  a  year  ago.  She  is  equipped  with  two  four-cylin- 
der, two-stroke-cycle  Sulzer-Diesel  engines  each  of  850 
hp.  at  160  r.p.m.  and  has  a  speed  of  about  11  miles  per 
hour.     Quoting  from  the  inspector's  report : 

"In  order  to  inspect  a  cylinder  head  and  a  piston,  one 
cylinder  head  was  taken  off  and  the  piston  taken  out. 
The  wearing  surfaces  on  the  piston,  piston  rings,  and 
especially  the  cylinder  were  in  perfect  condition  and 
the  latter  was  as  smooth  as  a  mirror.  The  parts  of  the 
cylinder  cover  and  piston  forming  the  combustion  space 
appeared  black,  as  if  covered  with  a  thin  coat  of  paint, 
but  no  large  carbon  deposits  were  found.  Neither  was 
there  any  apiireciable  amount  in  the  exhaust  ports. 

"No  troubles  were  experienced  on  any  of  the  main 
bearings,  pins  or  crosshead  guides.  The  parts  requiring 
the  most  attention  were  the  valves  for  the  cooling  water, 
bilge  pumps  and  air  compressor.  The  fuel-pump  pack- 
ing seems  to  be  tight  and  no  leakage  has  been  apparent." 

Pure  mineral  oil  is  used  for  lubricating  the  cylinders, 
the  consumption  averaging  about  6i/:j  gal.  per  24  hr. 
The  lubrication  of  other  parts  (including  all  the  auxiliary 
engines)  amounted  to  about  46  gal.  per  34  hr.  Sea  water 
is  used  for  the  cylinder  Jackets,  piston  and  oil  cooling. 
The  fuel  used  is  a  gas  oil  having  a  specific  gravity  of 
0.86  to  0.89  and  the  consumption  averaged  15,604  lb.,  or 
approximately  3170  gal.  per  24  hr. 

Horsepower  of  Small  Gas  Engines 

The  method  of  computing  the  indicated  horsepower  of 
a  gas  engine  running  at  slow  or  moderate  speed  follows 
so  closely  the  procedure  for  steam-engine  practice  that 
seldom  any  misunderstanding  arises.  The  principal  point 

to  bear  in  mind  is  that  in  the — ^^rj^nn — formula  N  must 

represent  the  number  of  explosions  which  in  a  hit-or-miss 
governed  engine  may  not  bear  any  definite  relation  to  the 
revolutions  per  minute.  Moreover,  in  a  gas  engine  a 
stiffer  spring  must  be  used,  owing  to  the  high  explosion 
pressures. 

With  small  high-speed  engines  running  at  800  to  1000 
r.p.m.  the  problem  is  quite  different.  Here  the  speed  is 
too  high  to  obtain  accurate  results  with  an  ordinary  in- 
dicator :  hence,  it  is  usual  to  estimate  the  mean  effective 
pressure.  The  latter,  however,  will  vary  with  the  load 
and  is  dependent  upon  several  factors,  including  the  mix- 
ture, the  compression  pressure,  and  the  time  of  ignition. 
Therefore,  when  running  underloaded  it  is  practically 
impossible  to  arrive  at  the  horsepower,  without  actually 
measuring  the  brake  horsepower.  The  full-load  horse- 
power may  be  estimated,  with  fairly  close  approxima- 
tion, however,  if  the  cylinder  dimensions  and  speed  are 
known,  by  assuming  a  mean  effective  pressure  for  full- 
load  conditions.     With  tight  valves  and  pistons  a  mean 


effective  pressure  of  80  lb.  may  be  taken  for  gasoline,  75 
lb.  for  natural  or  illuminating  gas  and  65  lb.  for  producer 
gas;  then  substitute  this  value  for  P  in  the  formula. 

IT  /  ;■    ,    N*  PLAN 

Horsepower  (per  ciihnder)*  =  -— — — -- 

^  "^J         J  I  33,U0U  X  12 

Where 

P  :=  Mean  effective  pressure ; 

L  =  Length  of  stroke  in  inches ; 

A  =  Area  of  piston  in  square  inches; 

N  =  Explosions  per  minute. 
This  may  be  written  : 

^  ,.    ,  PZ 0.7854 Z)2iV 

HorsejKwer  per  cylinder  =      33^000  ^  ^2 

where  D  =  diameter  of  cylinder 
Substituting  for  gasoline: 

■  '^^'  ~       33,000  X  12       ~    6300 
Assuming  a  mechanical  efficiency  of  85  per  cent. 

B.hp.  =    ^.,-,^,_,     X  0.85  =  -„,-- 
^  6300  7400 

This  formula  may  be  expressed  in  other  terms  to  suit 
special  conditions.  For  instance,  in  a  four-stroke-cycle 
engine  with  jump-spark  ignition  where  an  explosion  oc- 
curs at  every  second  revolution,  N  may  be  taken  as  the 
revolutions  per  minute  and  the  formula  will  become 

B.hp.  {per  cylinder)  =  j^-g^^ 

This  is  the  more  familiar  form,  but  it  has  been  further 
simplified  by  the  American  Licensed  Automobile  Manu- 
facturers Association  in  assuming  a  piston  speed  of  1000 
ft.  per  min.,  which  is  equivalent  to  a  6-in.  stroke  and 
1000  r.p.m.  or,  5-in.  stroke  and  1300  r.p.m.  Using  the 
round  number  15,000  for  the  denominator  this  reduces 
to: 

„  ;       ,             7-    7    s       ^■-  X  6  X  1000       Z)2 
B.hp.  (per  cyhnder)  = ^^^^ =  ^ 

This  is  the  formula  by  which  automobile  engines  are 
rated. 

Alcohol  as  a  Decarbonizer 

In  a  paper  read  at  the  recent  Gas  Engine  Show,  at 
Kansas  City,  J.  A.  Anglada  cited  some  interesting  ex- 
periments which  he  had  made  with  denatured  alcohol  as 
a  carbon-remover  in  gasoline  engines.  He  found  that  the 
best  results  were  obtained  when  the  combustion  space 
of  a  hot  engine  is  entirely  filled  with  denatured  alcohol 
and  allowed  to  stand  for  six  or  eight  hours.  Although 
heat  is  not  absolutely  necessary,  it  hastens  the  loosening 
of  the  carbon  deposit  which  will  pass  out  through  the 
exhaust  when  the  engine  is  started. 

In  cases  where  some  of  the  alcohol  leaked  past  the 
piston  into  the  crank  case  it  rendered  the  lubricating  oil 
unfit  for  u.se,  although  when  run  in  this  way  for  a  very 
short  period  the  presence  of  alcohol  in  the  oil  appeared 
to  cleanse  the  bearing  surfaces. 

After  the  carbon  has  been  removed  in  this  way  a  small 
amount  of  denatui-ed  alcohol  (from  2  to  4  oz.)  introduced 
into  the  combustion  space  every  three  or  four  days,  when 
the  engine  is  in  constant  use,  will  keep  the  cylinders  free. 

♦strictly  speakinsr.  this  should  be  "per  cylinder  per  end," 
but  as  the  present  discussion  deals  only  with  small  engines, 
which  are  always  built  singrle-acting-.  the  formula  may  be 
understood   to    give   the    horsepower    per   cylinder. 
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Indicating  the  Compressor 

By  rETEK  Xeff 

Frequently  the  question  is  aslved,  "Do  you  advocate  the 
idicating  of  ammonia  compressors?  The  reply  is,  Cer- 
linly,  if  it  is  done  right  and  for  some  specific  purpose, 
'hen,  however,  an  engineer  mails  in  a  card  and  asks  to 
ave  some  information  regarding  his  compressor  deduced 
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many  ways  to  an  engineer.  And  so  through  the  list  of 
most  of  the  troubles  to  which  compressor.s  are  liable. 

An  engineer  should  have  an  indicator  for  his  com- 
pressor and  should  know  how  to  use  it.  It  can  do  much 
to  help  him.  The  point  I  want  to  make  here  is,  thai 
many  of  the  things  which  writers  on  compressor  diagrams 
show  as  being  determined  by  the  indicator,  are  as  plain  as 
can  be  to  a  good  engineer  without  its  use. 

Some  may  say  that  I  do  not  think  much  of  the  indi- 
cator; far  from  it,  years  of  study  of  indicator  diagrams 
from  compressors  has  made  me  realize,  however,  that  we 
have  in  it  an  instrument  with  frailties  of  its  own,  and 
much  affected  by  those  of  man. 

In  a  certain  case  an  engineer  spent  considerable  time 
in  indicating  a  double-acting  compressor,  and  after  much 
figuring  from  diagrams  taken,  made  a  lengthy  report 
which  was  in  substance  that  there  was  too  much  clear- 
ance. It  took  about  one  hour  to  take  the  head  oft'  and 
determine  that  there  was  about  %-in.  clearance.  He  was 
right,  although  he  did  not  know  the  amount,  but  what  a 
labor  to  find  it  out  in  that  way. 

For  many  years  there  have  been  published  from  time 
to  time  interesting  articles  on  indicator  diagrams,  and 


'ic.   1.  Indicator  Cock  Coxxected  to  SrcTiox  and 
Discharge  LiNi5f5 

rom  it,  my  belief  is  that  any  deductions  made  will  be 
ar  from  being  of  any  value,  unless  one  is  perfectly 
amiliar  with  the  engineer  who  took  the  diagram,  his  in- 
trument  and  methods. 

The  indicator  in  the  hands  of  one  who  has  made  it  a 
tudy,  and  who  is  proficient  in  its  manipulation  is  a  most 
iseful  instrument,  but  when  not  so  used  it  may  be  an 
Troneous  guide,  or,  to  say  the  least,  a  slow  one. 

Usually  it  is  better  to  trust  to  an  examination  of  the 
■ompressor  by  a  good  man,  than  to  what  is  ordinarily 
ixpected  to  be  shown  by  the  indicator.  The  rythmic 
loises  in  an  engine  room  are  to  the  true  engineer  what 
in  orchestra  is  to  the  musician,  and  he  is  just  as  quick 
0  detect  when  a  piece  is  out  of  harmony. 

The  outsider  who  comes  in  to  inspect  a  compressor 
?an  make  more  headway  by  a  careful  examination  than  he 
•an  by  indicating.  One  must  bear  in  mind  that  the  uses 
)f  the  indicator  for  steam  engines  are  not  in  most  cases 
inalogous  to  those  for  compressors. 

Our  best  engineers  when  overhauling  their  compressor 
jecome  perfectly  familiar  with  its  construction,  and  the 
'unctions  which  each  part  performs,  and  can  tell  how 
hese  should  be  to  obtain  maximum  results.  The  piston 
Oiould  be  so  marked  after  being  adjusted  that  any  move- 
nent  will  be  readily  noted.  No  indicator  is  required  for 
this.     A  broken  valve  or  spring  will  manifest  itself  in 


Fig.  2.  The  Usual  Diagram 

where  these  have  gone  into  some  great  problem  connected 
with  compressors,  they  have  been  of  interest  and  value. 
But  most  of  them  have  merely  .shown  diagrams  illustrat- 
ing various  difficulties  which  could  have  been  known  from 
an  examination  or  other  ways  more  readily. 

There  have  been  some  published  works  on  the  indicator 
which  are  splendid  and  engineers  should  have  them  in 
their  possession.  The  tables  and  labor-saving  devices 
which  they  show  are  helpful,  especially  in  plotting  those 
two  useful  curves,  the  adiabatic  and  the  isothermal,  whicii 
truly  are  essential  to  the  interpretation  of  a  card. 

In  compressors,  if  there  is  any  one  thing  that  we  an- 
particularly  interested  in,  it  is  that  all  the  vapor  pos- 
sible be  handled  at  each  stroke.  One  of  the  things  con- 
tributing to  this  is  the  filling  of  the  compressor  cylinder 
as  nearly  as  possible  to  the  pressure  existing  in  the  suc- 
tion line.  The  more  nearly  this  is  accomplished  the  les- 
will  lae  the  horsepower  and  the  greater  the  production  of 
refrigeration.      When    a   100-lb.   spring   is   employed   to 
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draw  the  iliagrani,  sliould  the  suction  pressure  be  as  low 
as  10  lb.,  there  will  be  but  yV  iu.  on  the  diagram  in  which 
to  study  the  suction  condition.  Now  to  attempt  to  scale 
this,  especially  if  a  pencil  has  been  used  to  trace  the  lines, 
leaving  a  comparatively  wide  mark,  is  f  rought  with  many 
difficulties  even  with  the  use  of  a  magnifying  glass. 

Very  early  it  was  learned  to  take  diagrams  for  studying 
suction  conditions  by  the  use  of  a  low-tension  spring,  a 
IG-lb.  spring  being  a  good  one  for  this  purpose.  Many 
of  the  modern  indicators  are  so  constructed  that  these 
low-tension  springs  can  be  used  without  damage  to  the 
instrument.  When  not  so  constructed  it  is  usually  not  a 
difficult  matter  to  arrange  to  block  the  piston  so  as  to 
prevent  any  damage  arising.  With  a  16-lb.  spring  the 
10-lb.  suction  pressure  will  be  quite  an  appreciable  dis- 
tance on  the  diagram. 

While  engine-room  gages  are  all  right  for  general  in- 
dications, they  are  by  no  means  accurate.  Where  there 
is  a  mercury-column  gage  and  it  has  been  corrected  by 
the  use  of  a  barometer,  the  pressure  can  be  accurately 
determined.  Unfortunately  for  most  engineers,  the  en- 
gine-room equipment  does  not  contain  a  mercurial  gage, 
so  that  usually  the  readings  are  taken  by  ordinary  gages. 
The  diagram  is  scaled  to  see  how  it  coincides,  and  in 
spite  of  stiff  suction-valve  springs  and  small  ports  it 
usually  comes  out  that  the  compressor  is  tilling  to  suction 
pressure.  Very  little  attention  has  been  paid  to  this 
point,  yet  there  is  opportunity  for  considerable  loss,  and 
the  indicator  can  be  used  to  advantage. 

In  1907-8,  having  occasion  to  make  a  study  of  the  suc- 
tion condition  in  compressors,  the  author  devised  a  metli- 


FiG.  3.  Pressure  in  Cylinder  Apparently  Higher 
Than  in  Suction  Line 

od  for  overcoming  this  difficult}'.  If  the  indicator  could 
in  some  way  be  made  to  record  the  pressure  existing  in 
the  suction  at  the  time  the  diagram  is  taken,  it  would 
manifestly  be  a  guide  to  go  by,  which  would  make  un- 
necessary the  scaling  of  the  diagram  and  the  consequent 
liability  to  error,  as  well  as  doing  away  with  the  uncer- 
tainty of  the  engine-room  gage  reading.  In  short,  the 
diagram  would  show  to  the  eye  the  relative  condition  of 
tilling  pressure  to  suction  pressure. 

This  condition  was  accomplished  by  making  a  connec- 
tion from  the  suction  line  near  the  compressor  to  the 
indicator,  so  that  when  the  indicator  was  shut  off  from 
the  atmosphere  and  the  compressor,  it  could  be  opened  to 
the  suction-pressure  line.  The  controlling  valve  for  this 
should  he  close  to  the  indicator,  as  shown  in  Fig.  1. 

It  may  be  urged  that  as  the  diagram  and  the  suction- 
pressure  line  are  not  drawn  at  one  and  the  same  instant 
they  are  therefore  not  comparable.     A  little  experience 


by  drawing  the  suction-pressure  line  both  before  and 
alter  taking  the  diagram  will  show  that  conditions  do  not 
change  so  rapidly  as  to  materially  affect  the  value  of  this 
process.  While  this  method  did  what  was  expected  of  it, 
it  brought  out  some  other  interesting  facts. 

The  ordinary  diagram  obtained  would  be  similar  to 
Pig.  2,  in  which  .4  is  the  atmospheric  line,  <S'  the  suction- 
pressure  line,  and  F  the  filling  line  of  the  diagram.  Now 
the  portion  of  the  diagram  lying  between  F  and  S  repre- 
sents a  measurable  loss  in  compressor  efficiency,  and  may 
he  caused  liy  too  stiff  springs  on  the  suction  valves  or 
too  small  ports  for  admission  of  the  gas.  If  the  ports  are 
too  small  the  speeding  up  of  the  compressor  will  increase 
the  swing  of  the  line  F  below  S.  If  the  ports  are  large 
enough  but  trouble  is  with  the  valve  weight  or  spring, 
the  speeding  will  not  affect  it  materially. 

While  indicating  compressors  where  there  was  prac- 
tically no  drop  in  pressure  for  the  opening  of  the  valve, 
I  was  surprised  at  times  to  get  a  card  similar  to  Fig.  3. 
Here  it  will  be  noticed  that  the  line  F  is  above  the  line  S, 
in  other  words,  the  indicator  says  that  the  pressure  to 
which  the  compressor  filled  was  higher  than  that  existing 
in  the  suction  line.  This  may  be  accounted  for  as  fol- 
lows : 

The  tracing  of  the  diagram  is  in  the  direction  of  the 
arrows.  Fig.  4.  Now  suppose  that  there  is  some  lost  mo- 
tion in  the  indicator-jiencd  connections.  The  atmos- 
pheric line  is  drawn  when  the  lost  motion  is  all  taken  up 
by  gravity.  As  the  compression  curve  is  traced  the  spring 
is  pushing  the  pencil  upward.  When  the  discharge  takes 
place  and  the  pressure  begins  to  decline  in  the  compressor, 
owing  to  the  friction  of  the  pencil,  it  is  held  up  while 
the  spring  takes  up  the  lost  motion,  so  that  the  pencil  is 
higher  than  it  should  be  by  the  amount  of  the  lost  mo- 
tion. When  the  suction-pressure  line  is  drawn,  the  pen- 
cil, in  the  meantime  being  removed  from  the  paper,  falls 
through  the  lost  motion,  and  when  the  suction  pressure 
is  applied  it  is  raised  by  the  spring.  Both  the  lines  A  and 
S  are  taken  with  the  lost  motion  out  while  F  has  it. 

This  led  to  an  examination  of  indicators  and  it  was 
found  that  very  few  indicators  were  accurate,  and  that 
great  care  was  required  in  keeping  an  indicator  in  fit 
condition.  A  slight  binding  of  the  indicator  plunger  will 
produce  the  same  trouble. 

If  an  indicator  had  this  defect,  and  a  high-tension 
s]iring  was  used  for  tracing  the  <liagram,  and  the  suction 


4.  Accounting  fou  Trouble  in  Fig. 


condition  determined  by  scaling  the  card,  manifestly  the 

compressor  would  be  filling  to  a  less  amount  than  shown. 

Where  there  is  a  considerable  drop  in  the  pressure  in 

the  compressor  before  the  suction  valve  will  open,  this  er- 
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lor  will  manifest  itself  in  not  making  the  drop  as  great 
as  it  should  be,  but  from  that  point  on  the  lino  F  will  be 
comparable  to  A  and  S. 

The  fact  that  this  trouble  tends  to  show  that  the  com- 
pressor is  filling  better  tlian  it  is  and  further  fact  that 
suction  pressures  are  apt  to  be  taken  from  ordinary  gages, 
has  no  doubt  been  a  fruitful  source  of  making  com- 
pressors appear  better  than  they  really  are. 

When  studying  discharge  conditions  the  effect  of  lost 
motion  is  to  considerably  distort  the  graphic  record  of  the 
discharge.  AVhen  one  adds  to  the  trouble  noted,  the  care- 
less way  in  which  indicators  are  often  connected,  it  is 
not  to  be  wondered  at  that  one  views  with  suspicion  dia- 
grams submitted  for  examination.  Frequently  the  cord 
transmitting  the  motion  from  the  erosshead  does  not 
move  parallel  with  the  piston  of  the  compressor,  and 
there  is  always  the  uncertain  amount  of  friction  of  the 
pencil. 

There  is  one  difficulty  in  drawing  the  suction-pressure 
line  that  must  be  guarded  against.  Sometimes  liquid  will 
drain  into  the  pipe  leading  from  the  suction  line  to  the 
indicator.  When  this  is  the  case  and  it  strikes  the  hot 
cylinder  of  the  indicator,  there  will  be  trouble. 

Fig.  5  illustrates  another  interesting  feature  brought 
out  in  this  method  of  indicating.  This  diagram  has  been 
somewhat  distorted  to  make  more  plain  the  point  to  be 
illustrated.     The  suction-pressure  line  has  a  loop  at  botli 


Fiii.  5.  Loop  at  Both  Ends  of  SucTiox-PRESsriiE  Line 

ends.  It  must  be  borne  in  mind  that  when  tracing  either 
the  suction  or  the  discharge-pressure  line  the  conditions 
existing  at  both  ends  of  the  stroke  are  shown.  In  Fig.  5 
that  i)ortion  of  the  suction  pressure  corresponding  with 
the  diagram  is  shown  as  a  solid  line,  while  that  for  the 
other  end  for  which  no  diagram  is  shown  is  dotted.  When 
the  piston  is  practically  at  rest  at  the  end  of  the  stroke, 
the  suction  pressure  indicated  by  a  represents  the  true 
suction  pressure  existing  in  the  suction  line.  Xow  as  the 
piston  moves  forward  the  line  a  falls  until  it  reaches  h. 
At  the  end  of  the  stroke  it  rises  to  a'.  This  clearly  in- 
dicates that  .the  pipe  supplying  the  compressor  is  not 
large  enough  to  permit  the  proper  flow  of  gas.  This 
method  has  proved  interesting  in  making  a  study  of  port 
velocities,  by  having  an  arrangement  whereby  the  area  of 
the  port  could  be  changed,  and  combining  this  with  dif- 
ferent speeds. 

Fig.  6  is  the  reproduction  of  a  diagram  where  not  only 
the  suction-pressure  line  is  shown  but  the  discharge  pres- 
sure as  well.  Note  the  banking  up  of  the  pressiire  in 
the  discharge  line,  and  its  relation  to  the  discharge  of  the 
gas  from  the  compressor  as  shown  by  the  diagram.    This 


diagram  also  indicates  how  difficult  it  is  to  study  the  suc- 
tion condition  when  a  higli-tension  spring  is  used. 

A  diagram  such 'as  this  is  difficult  to  obtain,  for  the 
use  of  the  indicator  with  cold  suction  gas  and  hot  dis- 
charge gas  is  apt  to  disarrange  the  working  parts  to  some 
extent.  It  is  not  recommended  to  try  to  show  all  on 
one  diagram.  Take  up  one  thing  at  a  time  and  study 
that  by  a  series  of  diagrams. 

Should  it  be  desired  to  reproduce  the  cards,  which  is 
sometimes  desirable,  an  ea.sy  method  is  to  put  a  piece  of 
carbon  paper  next  the  indicator  drum  and  use  a  trans- 


().    DiAGiiAM  Showing  Both  Slctiox-  and 
Dischakge-Pressure  Lines 

lucent  paper.  In  this  way  a  dark  line  may  be  made  on 
both  sides  of  the  paper,  enabling  a  blueprint  to  be  made 
from  it.  Care  must  be  exercised  as  the  paper  is  usually 
rather  thin  and  a  slight  excessive  pressure  on  the  pencil 
will  cause  remarkable  distortion  sometimes. 

My  suggestions  are  to  any  engineer,  to  have  a  good 
indicator,  keep  it  carefully  and  do  not  loan  it.  Have  a 
good  permanent  connection  for  it,  including  suction  and 
discharge-pressure  lines.  If  possible  have  a  reducing  mo- 
tion permanently  connected.  If  this  is  not  possible,  ar- 
range it  so  that  the  reducing-motion  connections  are  al- 
ways the  same.  Practice  the  taking  of  diagrams,  for  it 
requires  practice  to  become  in  any  way  skilled. 

Take  up  some  point  for  investigation  and  work  it  out 
by  a  series  of  diagrams,  and  these  should  be  plainly 
marked  and  dated  for  future  reference.  For  example, 
different  tension  springs  can  be  tried  on  the  suction 
valves.  Or  the  suction  pressure  can  be  taken  from  dif- 
ferent points  and  the  question  of  the  size  of  the  ports 
and  the  limit  of  speed  applicable  for  efficient  work  de- 
termined. Go  after  the  discharge  condition.  Try  to  get 
the  compressor  to  handle  a  maximum  amount  of  gas  with 
a  minimum  expenditure  of  energy. 

In  doing  any  of  this  work  many  interesting  collateral 
conditions  are  likely  to  arise,  which  can  be  studied  for 
the  benefit  of  other  engineers  as  well. 

In  its  simplest  form  refrigeration  can  be  found  on 
practically  every  vessel  afloat,  and,  according  to  C.  J. 
Beck,  in  a  paper  before  the  Third  International  Congress, 
there  are  not  less  than  843  vessels  fitted  with  insulated 
chambers  and  refrigerating  machinery.  The  majority  of 
these  vessels  are  thus  equipped  only  for  the  purpose  of 
carrying  fresh  food  supplies  for  their  passengers  and 
crews,  but  the  cooling  equipment  is  usually  quite  exten- 
sive. A  vast  fleet  of  steamships  is  continually  employed 
in  carrying  the  surplus  meats  of  this  country,  Canada, 
Argentina  and  Australia  to  the  densely  populated  mar- 
kets of  Europe.  The  value  of  the  refrigerated  ocean 
transportation  to  the  fruit  trade,  the  fish  and  dairy  in- 
dustry and  many  others,  is  obvious. 


October  14,  1913  POWER  543 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiH^  iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiii iiiiiiiinniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiu^ 


EDITORIALS 


iUlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll^ 


Saving  Our  Coal 

In  these  clays  of  coal  burning  when  the  enormous  de- 
nands  from  laud  and  sea  are  depleting  the  supply,  it  is 
ime  that  some  consideration  be  given  to  the  fuel  of  the 
uture.  In  engineering  circles  of  late  years  there  has 
)een  some  discussion  on  this  subject  and  some  practical 
ittempts  have  been  made  to  conserve  the  coal  supply. 
Jot  a  number  of  years  Germany  has  been  utilizing  its 
;ulm  and  waste  banks  in  gas  producers  and  has  been  re- 
lovering  some  of  the  numerous  constituents  in  coal. 

Even  this  country  with  its  wonderful  resources  has 
)een  awaking  to  the  outlook  as  evidenced  by  the  develop- 
nents  now  under  way  by  the  Lehigh  Navigation  Co.,  at 
'Tauto,  Penn.,  and  those  of  the  Peabody  interests  iu 
Christian  County,  111.  In  both  it  is  the  intention  to 
generate  current  at  the  mouth  of  the  mine  and  within  a 
•easonable  radius  supply  the  demands  for  power  and 
ight.  With  the  lower  grades  of  coal  the  transportation 
•harge  is  a  large  item.  AVhen  the  plant  is  located  at  the 
nine  this  cost  is  eliminated  and  is  supplanted  by  that 
)f  transmission  which  is  considerably  lower,  although 
he  two  will  finally  balance  when  the  distance  from  the 
:entral  plant  becomes  excessive. 

These  developments,  however,  are  only  a  beginning. 
Do  obtain  the  last  item  of  value,  coal  must  no  longer  be 
reated  as  a  fuel  and  the  raw  product  burned  on  the 
;rates  for  its  heat  value  only.  It  contains  a  number  of 
)yproducts  which  in  themselves  are  valuable,  and  with 
jroper  methods  of  distillation  may  be  recovered.  Its 
;reatment  should  be  concentrated  at  the  mines  so  that 
he  transportation  of  raw  coal  may  be  minimized  and 
:he  energy  transmitted  in  the  form  of  gas  or  electricity 
;o  the  markets.  To  serve  all  parts  of  a  large  country 
ike  our  own  in  this  way,  where  the  distances  from  mine 
:o  service  are  necessarily  great,  would  be  impractical  at 
)resent,  Iwt  the  possibilities  for  the  territories  adjacent 
;o  the  mines,  are  worth  considering. 

Along  the  line  proposed  above  some  interesting  papers 
vere  recently  presented  in  England  before  the  British 
\,ssoruat'ou  for  the  Advancement  of  Science  nnd  are 
to  be  briefly  abstracted  in  the  Oct.  21  issue.     Profesiior 

Burstall  proposes  the  artificial  production  of  oil  fuel. 
Heretofore  coal  has  been  gasified  with  the  object  of  pro- 
ducing the  richest  and  largest  quantity  of  gas.  It  is  quite 
practical,  however,  to  change  the  conditions  of  carbon- 
ization so  as  to  obtain  a  large  yield  of  fuel  oils  and  other 
;ompounds  of  value  and  at  the  same  time  produce  a 
standard  illuminating  gas,  although  this  would  be  a  sec- 
ondary consideration. 

As  will  be  seen  in  the  abstract  the  same  author  out- 
lined a  plan  of  treatment  at  the  pit's  mouth.  After  sep- 
aration the  tar  is  subjected  to  fractional  distillation  to 
abtain  from  it  the  various  oils,  and  the  gas  unpurified 
from  sulphur  is  supplied  directly  to  a  gas  engine  for  the 
generation  of  electricity.  The  exhaust  gases  from  the 
3ngine  are  treated  in  conjunction  with  liquor  from  the 


ammonia  plant  and  the  nitrogen  and  sulphur  of  the  raw 
fuel  recovered  in  the  form  of  ammonium  sulphate. 

Professor  Armstrong  went  so  far  as  to  suggest  that  the 
use  of  raw  coal  for  heating  purposes  be  rendered  illegal. 
All  coal  would  then  be  subjected  to  destructive  distilla- 
tion and  the  ma-ximum  quantity  of  byproducts  would 
be  recovered.  The  methods  of  burning  the  gas  would 
also  need  reform  and  Professor  Bone's  flameless  combus- 
tion might  be  expected  to  receive  extended  application. 

While  today  these  refinements  seem  visionary,  all  of 
them  might  be  practically  applied.  Utilizing  our  present 
resources  so  as  to  obtain  the  maximum  value  from  them 
is  true  conservation.  It  would  be  in  the  interest  of  econ- 
omy to  investigate  the  plans  proposed,  for  the  more  fuel 
we  are  able  to  save  the  more  there  will  be  for  future 
generations. 

Condenser  Tubes 

Corrosion  and  pitting  of  condenser  tubes  has  long  been 
a  perplexing  problem  in  power-plant  operation.  Many 
theories  have  been  advanced  to  account  for  this  phe- 
nomena only  to  be  shattered  through  inconsistent  be- 
havior of  the  tubes  under  like  conditions.  Notable  among 
these  theories  was  that  of  stray  currents  from  outside 
sources  and  one  company  even  went  so  far  as  to  attempt 
to  neutralize  these  by  a  counter-current  generated  within 
the  power  house.  The  experiment  failed  to  prove  any- 
thing, however,  and  was  discontinued. 

Another  theory  to  account  for  certain  tubes  deteriorat- 
ing more  rapidly  than  others  in  the  same  condenser  and 
subject  to  the  same  conditions,  is  sagging.  It  was 
pointed  out  that  when  the  condenser  is  out  of  service 
water  is  allowed  to  remain  in  the  sagging  tubes  and 
hastens  galvanic  action.  Undoubtedly  this  is  a  contribut- 
ing factor,  but  to  what  extent  is  unknown. 

The  latest  investigations  while  pointing  to  local  gal- 
vanic action  in  the  presence  of  an  electrolyte,  such  as 
river  water  containing  sulphuric  acid,  as  the  primary 
cause,  show,  nevertheless,  that  the  extent  and  rapidity 
of  the  action  depend  upon  the  tube  itself.  It  is  not  so 
much  the  composition  as  the  structure  of  the  tube  which 
is  the  governing  factor,  annealed  tubes  giving  the  long- 
est life.  Moreover,  coarse-grained  tubes  appear  more  sus- 
ceptible to  pitting  and  fine-grain  tubes  to  dezincification. 

The  beneficial  effects  of  annealing  as  found  by  the  in- 
vestigations of  the  committee  appointed  by  .the  Associa- 
tion of  Edison  Companies,  reported  on  page  531,  re- 
calls the  case  of  a  large  power  company  which  came  to 
our  attention  some  time  ago.  After  experiencing  much 
trouble  with  condenser  tubes  and  trying  various  compo- 
sitions, a  large  shipment  was  ordered  from  England  and 
gave  complete  satisfaction.  Upon  investigation  it  was 
found  that  these  tubes  had  been  made  in  this  country 
and  were  shipped  to  an  English  firm  which  put  them 
through  a  special  annealing  process.  Furthermore,  they 
did  not  cost  any  more  than  tubes  bought  in  this  country. 


POWER 


Vol.  38,  No.  K 


What  a  License  Stands  For 

One  uul'ortiuiate  effect  of  au  engineers'  license  is  its 
tendency  to  swell  the  head  of  its  iJossessor.  While  an 
engineer  may  justly  take  pride  in  the  acquiring  of  a 
license,  particularly  in  a  state  where  the  examinations 
are  severe,  he  should  not  lose  sight  of  the  purpose  of  a 
license.  License  laws  are  passed  and  licenses  distributed, 
not  for  the  sake  of  honoring  the  recipients,  but  to  pro- 
tect the  public. 

If  au  engineer  is  inclined  to  be  unduly  exalted  liy  his 
license  let  him  remember  that  barkeepers  and  peddlers 
have  licenses  too,  arid  after  all  any  license  is  a  permit  as 
much  as  an  indorsement — it  means  that  the  holder  is  al- 
lowed a  privilege,  although  he  has  attained  a  right;  he  is 
stamped  "good  enough"  and  is  not  necessarily  wonder- 
fully better  than  his  fellows.  License  examinations  have 
to  be  easy  enough  to  pass  the  average  as  well  as  hard 
enough  to  bar  out  the  incompetent. 

Of  itself  the  certificate  of  a  state's  approval  of  an  en- 
gineer's fitness  to  perform  the  duties  of  his  profession, 
has  no  virtue.  There  is  no  magic  about  it  that  can  con- 
fer ability  where  none  existed  before.  It  does  not  render 
him  immune  from  the  possibility  of  making  a  mistake. 

To  the  really  ambitious,  conscientious  engineer  the 
license  is  only  a  milestone  indicating  that  he  has  reached 
a  certain  point  in  his  acquirement  of  proficiency.  He 
realizes'that  thus  far  he  has  only  met  the  entrance  re- 
quirements of  the  race  and  if  he  wins  a  place  finally  he 
must  not  only  not  relax  in  his  efforts  to  add  to  his  knowl- 
edge, but  must  double  Ihem.  The  van  in  the  field  is 
easily  left,  but  competition  m  the  forefront  is  keen. 

On  the  Job 

This  oft-repeated  phrase  may  mean  much  or  little, 
depending  upon  the  sense  with  which  it  is  used  and  un- 
derstood. An  engineer  can  be  on  the  job  and  not  accom- 
plish much  more  than  a  dog  scratching  fleas;  plenty  of 
action  but  not  getting  anywhere. 

Day  after  day  and  week  after  week  some  engineers  are 
on  the  job.  The  engines  are  started  each  morning  on 
time  and  are  as  promptly  shut  down  at  night.  No  acci- 
dent of  a  serious  nature  occurs  from  year  to  year  and 
these  men  are  called  good  engineers. 

Look  into  their  plants  and  the  floor  and  surroundings 
will  be  found  neat  and  clean,  the  engine  wiped  and  the 
bright  parts  polished ;  the  engineer  is  a  conscientious  man 
and  keeps  the  plant  in  the  best  condition  he  knows  how, 
but  is  he  on  the  job  ? 

Does  he  get  a.s  much  of  the  heat  in  the  coal  into  the 
water  in  the  boiler  as  is  possible?  Is  the  heater  raising 
the  feed  water  to  the  highest  possible  temperature,  or  are 
tlie  heater  tubes  covered  with  grease  or  partly  filled  with 
scale,  either  of  which  will  prevent  efficient  work? 

The  engineer  who  is  on  the  job,  not  only  sees  that  con- 
ditions are  right  externally,  but  internally  as  well,  to 
])roduce  the  most  economical  results.  It  is  not  the  man 
who  is  always  in  dirty  work  clothes  who  is  on  the  job. 
The  man  who  works  with  his  head  accomplishes  more 
than  he  who  always  has  some  tool  in  his  hand. 

The  brains  of  the  successfully  operated  plant  are  in 
the  engineer's  office,  where  the  schemes  for  better  plant 
operations  are  worked  out.  As  a  practice,  nobody  looks 
to  the  firemen  or  oilers  for  ideas  for  plant  betterment. 


although  both  are  on  Ihe  job  to  the  extent  of  their  capac- 
ity. 

More  than  one  chief  engineer  has  failed  to  make  good 
because  he  did  not  have  the  ability  to  handle  the  men  in 
his  department.  Many  owe  their  success  largely  to  their 
ability  to  get  their  assistants  to  cooperate  with  them  in 
the  performance  of  power-plant  duties. 

If  an  engineer  is  on  the  job,  he  will  not  only  l)e  able 
to  keep  the  plant  running  and  maintain  harmony  among 
the  men,  but  he  will  be  ever  on  the  hunt  for  losses  and 
for  methods  of  improving  the  operating  conditions. 

In  one  steam  plant,  operated  by  a  large  manufacturing 
concern,  the  feed  water  is  pumped  from  the  river  through 
tubes  running  along  the  inside  of  the  boiler-furnace  set- 
ting, these  tubes  acting  as  feed-water  preheaters.  Al- 
though the  plant  has  been  operated  fifteen  years,  a  heater 
has  never  been  installed  because  the  engines  are  run  con- 
densing and  someone  decided  a  heater  would  be  useless. 

During  these  years,  however,  steam  was  used  in  an  ad- 
joining building,  and  a  large  amount  of  it  has  been  allowed 
to  escape  to  the  atmosphere.  As  a  result,  coal  is  burned 
to  heat  feed  water  that  could  have  been  heated  by  the 
escaping  steam  from  the  factory  building. 

Had  the  engineer  been  on  the  job,  he  would  have  shown 
the  officials  of  the  company  that  this  loss  would  be  pre- 
vented by  installing  a  proper  feed-water  heater. 

There  are  more  ways  of  being  on  the  job  than  always 
starting  up  and  shutting  down  promptly  and  keeping 
things  going  meanwhile. 

The  blowing  of  an  exposed  50-amp.  fuse  on  a  motor 
in  a  factory  room  recently  created  a  panic  among  the 
fifty  or  more  girl  employees,  several  of  whom  were  in- 
jured. This  would  have  been  avoided  if  nonarcing  fuses 
had  been  used. 

Continuously  running  boilers  below  rating  when  fewer 
would  carry  the  load  at  or  above  rating  reminds  us  of 
the  boy  who  baled  water  from  a  sinking  boat  with  a 
leaky  tomato  can  while  a  ten-quart  pail  floated  at  his 
feet." 

It  is  only  too  true  that  the  chief  reason  the  plant  owner 
hesitates  to  buy  needed  equipment  is  because  he  has  been' 
fooled  so  often  that  he  is  afraid  to  trust  or  believe  any- 
body. 

Some  day  engineers  will  learn  that  the  only  language 
the  owner  understands  is  so  many  pounds  of  steam  or 
kilowatt-hours  per  dollar  and  not  per  pound  or  ton  of 
coal.     Has  that  day  come  for  you? 

We  have  been  informed  of  a  new  charge  against  the 
isolated  plant  by  central-station  promoters.  It  has  been 
christened  "brain  fag."  No,  it  has  nothing  to  do  with 
the  engineer,  but  concerns  only  the  plant  owner  or  man- 
ager. The  reason  given  for  the  charge  is  that  the  worry, 
the  mental  anguish,  the  "brain  fag"  which  the  isolated 
plant  imposes  on  the  manager,  is  worth  so  much  per  year 
and  should,  of  course,  be  charged  against  it.  Just  how 
much  this  charge  amounts  to  per  kilowatt-hour  or  horse- 
power developed,  or  whether  it  has  yet  been  reduced  to  a 
unit  basis,  we  are  not  informed. 
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Best  Results  with  Producer-Gas 
Engines 

In  looking  over  the  Sept.  16  issue,  under  the  heading 
)f  "Inquiries  of  General  Interest,"  there  is  the  follow- 
ng  paragraph,  being  an  inquiry  of  W.  G.  M. : 

"What  is  the  best  average  result  with  a  pi'oducer-gas 
;ngine  in  pounds  of  coal  per  brake  horsepower-hour?" 

The  answer  below  is  given : 

"About  11/2  lb-,  but  most  plants  use  nearer  two 
rounds." 

This  information  is  very  misleading  as  the  average 
;as-cngine  plant  uses  not  to  exceed  1^/4  lb-  of  coal  per 
)rake  horsepower-hour.  My  record  of  a  plant  using  ap- 
sroximately  300  hp.,  for  55  hr.  per  week,  shows  for  a 
line  months'  run  a  consumption  of  "-3.13  lb.  of  coal  per 
cilowatt-liour,  this  amount  including  all  standby  lo.sses 
luring  that  tinu\ 

John  H.  Nohris. 

Brooklyn,  N.  Y. 

Boiler-Tube  Failures 

The  editorial  in  the  Sept.  2  issue  on  the  above  sub- 
ject is  instrlictive  in  pointing  out  the  necessity  for  care- 
:ul  inspection  at  frequent  intervals,  particularly  with 
■egard  to  one  of  the  steam  user's  worst  enemies — oil  in 
;he  feed  water. 

It  would  be  idle  to  attempt  to  enumerate  the  frequent 
Hid  well  authenticated  failures  of  boiler  tubes  and  sheets 
resulting  from  oil  being  fed  into  boilers,  even  in  small 
uid  apparently  insignificant  amounts.  So  long  as  care- 
.ess  engineers  imagine  that  any  return  that  has  had  the 
?oarse  or  floating  grease  removed  is  good  enough  to  use 
IS  boiler  feed  without  further  treatment,  just  so  long 
shall  we  continue  to  read  of  cases  of  negligence  similar 
to  the  one  mentioned  and,  until  it  is  indelibly  impressed 
upon  the  minds  of  easy-going  engineers  that  a  cloudy  or 
3ven  slightly  turbid-looking  return  water  contains  dan- 
rerous  quantities  of  oil,  just  so  long  will  the  lives  of  fire- 
men and  others  be  in  danger,  and  the  projicrty  of  manu- 
facturers liable  to  destruction. 

The  editorial  clearly  indicated  the  cause  of  the  tube 
failure  in  the  instance  mentioned :  First,  the  oil  sep- 
arators in  the  steam  line  had  not  been  operating  ef- 
fectively. Second,  apparently  no  filter  was  used  at  all. 
to  say  nothing  of  a  good  filter  as  the  editorial  suggested. 

This  latter  point  is  really  the  more  important,  as  a 
sood  filter  compensates  for  the  deficiencies  of  the  sep- 
arators which  are  unreliable  in  separating  the  finely 
divided  and  vaporized  oil. 

A  large  majority  of  separators  give  satisfactory  re- 
sults only  for  a  short  time  after  being  installed  because 
they  soon  coat  with  a  film  of  oil  which  is  readily  picked 
up  again  by  the  current  of  steam  and  carried  to  the  feed- 
water  heater  as  emulsified  oil.  Hence,  the  necessity  of  a 
filter — and  a  good  filter. 


Inasmuch  as  in  most  installations  the  water  gets  no 
further  treatment  to  remove  the  oil,  the  filter  should  be 
of  sucli  character  that  it  will  absolutely  remove  all  oil, 
l)oth  coarse  and  emulsified.  If  the  water  after  passing 
through  such  filter  looks  hazy,  cloudy  or  even  only  slight- 
ly milky,  the  filter  should  not  be  accepted  or  installed. 
Condensation  from  returns  should  look  perfectly  clear 
to  be  safely  satisfactory.  The  use  of  alum  or  other  chem- 
icals is  undesirable  as  constant  attention  is  required  to 
prevent  any  possibility  of  acids  or  other  corroding  sub- 
stances getting  into  the  boilers  or  eating  out  the  valves 
and  connections. 

The  importance  of  completely  removing  grease  or  oil 
from  the  feed  water  may  be  more  fully  appreciated  when 
it  is  remembered  that  grease  offers  ten  times  more  re- 
sistance to  the  passage  of  heat  than  ordinary  boiler  scale, 
and  that  the  merest  trace  of  grease,  less  than  Vmoo  of  an 
inch,  can  cause  far  more  serious  injury  than  scale. 

The  dangei's  due  to  the  presence  of  grease,  etc.,  should 
not  discourage  the  use  of  grease-impregnated  water,  pro- 
vided an  efficient  separation  of  the  oil  is  effected.  This 
can  now  readily  be  done  by  several  means,  one  of  which 
is  a  system  of  absorbtion  filtration,  the  filtration  medium 
being  a  silicate  fiber  with  strong  physical  attraction  or 
affinity  for  oil  and  grease. 

A.   E.   Kr.vuse. 

Jersey  City,  N.  J. 

Orsat  or  CO2  Recorder  Best? 

Mr.  Pohlnuiu's  argument,  expressed  in  his  letter  un- 
der the  above  title  in  the  July  2d  issue,  that  CO,  re- 
corders are  easily  broken  by  inexperienced  hands  does; 
not  seem  to  apply  to  some  of  the  more  simple  moderri 
types. 

As  regards  the  relative  value  of  the  continuous  re- 
corder and  the  Orsat  type,  occasion  may  require  thai; 
both  should  be  used,  for  purposes  of  comparison. 

Assume,  for  argument,  that  a  given  fuel  burned  with 
a  minimum  air  should  show  20  per  cent.  CO,  and  thai; 
the  actual  reading  shown  was  19  per  cent.  It  is  prob- 
able that  the  other  1  per  cent,  was  manifested  in  the 
form  of  CO,  showing  imperfect  combustion.  No  engi-- 
neer  would  try  to  better  such  results.  But  if  only  6  per 
cent,  of  COo  were  shown,  nobody  would  be  likely  to 
think  the  balance  made  up  of  carbon  monoxide  for. 
clearly,  great  excess  air  is  indicated.  And  so,  in  prac- 
tice, if  the  CO,  is  recorded  above  12  per  cent,  the  ten- 
dency is  to  leave  well  enough  alone.  There  may  or  may 
not  be  a  small  amount  of  CO  present,  and  if  more  air 
were  added  to  correct  this  the  overall  efficiency  would 
undoubtedly  suffer.  Again,  if  the  CO,  is  in  the  neigh- 
borhood of,  say,  9  per  cent,  and  CO  in  appreciable  quan- 
tity is  present,  effort  should  be  made  to  improve  the 
result.  But  the  improvement  would  not  be  accomplished 
l)y  admitting  more  air  but  rather  by  altering  the  fur- 
]iace    arrangements.      Carbon    monoxide    is    not   largely 
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produced  in  boiler  furnaces.  When  the  air  supplied  is 
greatly  in  excess  of  the  chemical  requirements  it  is  un- 
likely to  be  formed  in  a  properly  arranged  furnace.  When 
the  CO,  is  high  the  monoxide  even  if  present  cannot  be 
reduced.     This  fact  favors  the  continuous  recorder. 

An  occasional  check  test  should  be  made  with  the 
Orsat  apparatus.  Personally,  the  Orsat  does  not  appeal 
to  me  as  of  much  use  unless  worked  on  the  long-sample 
method,  a  sample  taken  over  a  long  period  of  time. 
This  system  shows  only  average  conditions  while  the  re- 
corder gives  a  diagram  which  not  only  can  be  measured 
up  for  averages  but  shows  at  very  numerous  intervals 
Ihe  varying  conditions  that  make  up  the  averages.  And 
so  far,  the  recorder  is  of  greater  value  for  we  do  not 
merely  require  averages ;  we  waJit  to  know  why  the  av- 
erage does  not  approach  more  nearly  to  the  best. 

The  Orsat  apparatus  should  be  used  along  with  the 
recorder,  quick  samples  being  taken  at  maximum  and 
minimum  points  of  the  recorder  diagram  so  that  the 
percentage  of  CO  and  of  free  oxygen  can  be  found. 
Wherever  these  two  gases  are  present  together  the  in- 
ference must  be  that  the  mixture  has  been  incomplete 
up  to  the  time  when  the  gases  became  too  cold  to  com- 
bine. Carbon  monoxide  is  fairly  greedy  for  oxygen  and 
could  not  remain  hot  in  contact  with  it  without  conver- 
sion. Carbon  monoxide  is  thus  indicative  of  faulty  mix- 
ture. It  rarely  happens  that  in  boiler  furnaces  there  is 
not  more  than  enough  oxygen  for  all  purposes  if  only 
it  is  well  distributed. 

W.  H.  Booth. 

London,   Eng. 

Water  in  the  Engine  Cylinder 

The  article  in  the  Aug.  26  issue  describing  the  tests 
made  by  II.  Bollinckx  as  to  water  being  trapped  in  the 
cylinder  and  doing  damage  is  of  more  than  passing  in- 
terest inasmuch  as  it  disproves  the  theory  that  a  large 
percentage  of  the  engine  cylinders  that  are  bursted  are 
caused  by  entrapped  water. 

H.  R.  Low's  article  in  the  June  25,  1912,  issue  shows 
how  the  water  may  get  into  the  low-pressure  cylinder, 
but  Mr.  Low  does  not  say  anything  about  its  getting  out, 
and  if  it  came  from  the  boilers  it  would  have  practical- 
ly the  same  chance  to  do  damage  in  the  high-pressure 
as  in  the  low-pressure  cylinder. 

The  tests  made  by  Mr.  Bollinckx  were  of  such  nature 
that  if  water  in  the  cylinder  could  have  ruptured  it,  it 
would  have  done  so  in  some  of  the  tests  that  he  made. 
This  would  apply  only  to  cylinders  in  which  the  ex- 
haust valve  is  placed  in  the  bottom  of  the  cylinder,  as 
the  greater  portion  of  the  water  would  lie  on  the  bot- 
tom of  the  cylinder,  and  it  could  not  escape  as  readily 
from  a  cylinder  on  which  the  valve  was  placed  on  the 
side  or  top  of  the  cylinder.  In  the  latter  case  a  small 
amount  of  water  would  very  likely  cause  a  damaged  cyl- 
inder. 

Every  engine  ought  to  be  equipped  with  automatic  re- 
lief cocks  which  would  allow  water  to  escape  that  should 
be  trap|>ed  in  the  clearance  space  no  matter  from  what 
source  it  came.  Furthermore,  every  precaution  should 
be  taken  to  keep  the  water  from  going  into  the  cylinder 
as  it  will  make  lubrication  more  difficult,  even  though 
it  does  no  damage.  An  efficient  steam  separator  should 
be  placed  in  the  steam  line  as  near  the  cylinder  as  pos- 


sible, and  connected  to  a  good  reliable  trap  or  steam 
loop,  and  also  a  large  drip  pocket  should  be  placed  in 
the  exhaust  line  with  a  trap  or  pump  connected  to  it  to 
remove  the  condensation. 

I  have  in  mind  a  30x48-in.  long-range  cutoff  Corliss 
engine  running  at  90  r.p.m.  with  a  variable  load  that 
pulled  much  water  into  the  cylinder,  due  to  a  long  steam 
line.  There  was  a  separator  near  the  engine  with  an 
open  drip,  but  at  times  the  2i/^-in.  relief  cocks  would 
blow  a  solid  stream  of  water  at  each  stroke  for  two  oi 
three  minutes  at  a  time.  In  this  case  the  water  did  not 
seem  to  get  out  of  the  cylinder  fast  enough,  but  a  part  oi 
it  was  trapped  in  the  compression  space  after  the  exhaust 
valve  closed,  and  was  compressed  high  enough  to  open 
the  relief  valves  which  were  set  at  80  lb.  above  the  high- 
est steam  pressure  to  prevent  excessive  strain  on  the  cyl- 
inder. The  exhaust  pipe  led  direct  to  the  atmosphen 
with  a  11^-in.  drip  pipe  tapped  into  the  lowest  point 
which  was  left  wide  open  all  the  time. 

Engineers  would  do  well  to  re-read  these  two  article^ 
as  they  deal  directly  with  everyday  troubles,  and  inci- 
dentally we  will  have  to  find  .some  other  excuse  for  th(| 
not  infrequently  bursted  cylinder  heads,  pistons  and  ben' 
piston  rods  that  in  the  past  have  been  charged  up  t( 
water  in  the  cylinder  as  has  been  done  in  the  past  fc. 
want  of  a  better  reason. 

J.  C.  Hawkins. 

Hyattsville,  Md. 

Feeder  for  Soda  Ash 

Readers  may  be  interested  in  knowing  of  my  experijl 
ence  with  a  compound-feeding  device,  similar  to  that  dei 
scribed  by  Mr.  Anderson,  in  the  Aug.  12  issue.  Havini 
found  that  plain  soda  ash,  which  may  be  purchased  foi 
li^c.   per    lb.,    was   especially   adapted  for  treating  tbj 


Reducinq 


PumpSucfion 
Piping  for  Soda-Ash  Feeder 

boiler  water  used  in  our  plant,  I  decided  that  the  beS' 
results  could  be  obtained  when  this  chemical  was  fei 
continuously  instead  of  spasmodically.  I,  therefore,  rigge^ 
up  a  tank  for  gravity  feed,  somewhat  like  the  tank  show 
by  Mr.  Anderson,  although  this  tank  did  not  contai 
heating  pipes.  As  the  headroom  was  very  small,  I  foun 
that  it  was  difficult  to  inject  the  solution  into  the  feed 
pump  suction  pipe,  so  a  pressure  system  was  installet 
as  shown  in  the  illustration. 

Sufficient  chemical  solution  for  the  run  is  mixed  in  th 
open  mixing  tank,  and  then  transferred  to  the  closed  c 
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essure  tank  by  means  of  a  steam  ejector.  The  pres- 
re  tank  is  then  closed  and  compressed  air  is  admitted 
maintain  a  constant  pressure  of  5  lb.  through  a  reduc- 
g  valve.  This  gives  a  constant  head  on  the  entire  sys- 
Ti  and  enables  a  close  adjustment  of  the  rate  at  which 
e  solution  is  fed  through  the  small  needle  valve  into  the 
jd-water  pipe.  The  feed  is  adjusted  so  that  the  boiler 
iter  is  made  slightly  alkaline.  With  this  system,  ir- 
^ular  feeding,  due  to  changing  of  the  solution,  is  olimi- 
ted.  I  have  also  found  that  under  this  slight  pressure, 
is  trouble  is  experienced  with  clogging  of  the  needle 
Ive. 

John  Smith. 
Thiladelphia,  Penn. 

Test  Results   for  24-Hour  Run 

This  is  a  copy  of  the  report  of  our  average  run.  T 
jst  others  will  submit  similar  reports  so  that  we,  as 
gineers.  may  be  given  an  opportunity  to  compare  the 
suits  we  get  from  our  plants. 
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Voltmeter  Indicates  Water  Level 

The  ])lant  I  have  charge  of  ha.s  a  standpipc  located  on 
p  of  a  hill  a  mile  away,  and  it  lias  always  been  a  diffi- 
It  matter  to  tell  the  exact  amount  of  water  in  the  stand- 
pe  by  the  pressure  gage  at  the  plant,  for  when  the  pump 
running  fast  the  gage  registers  more  water  than  is  in 
e  standpipe.  When  the  pump  is  stopped  and  great 
lantities  of  water  are  being  drawn  from  the  mains,  the 
■essure  gage  will  register  less  than  is  in  the  standpipe. 
e  have  arranged  a  rheostat  on  the  standpipe  roof,  which 
ises  and  lowers  the  voltage  on  the  voltmeter  that  is  lo- 
ted  at  the  plant,  as  the  water  rises  and  falls.  The  volt- 
eter  is  calibrated  in  feet,  so  it  gives  the  direct  reading 
the  water  in  the  standpipe. 

Referring  to   the    illustration,   A    is   a    bicycle   wheel 
ounted  on  a  frame  on  the  roof  of  the  standpipe ;  B  is  a 


small  gear  fastened  to  the  hub  of  the  wheel,  which  meshes 
in  the  gear  C  to  which  is  attached  the  rheostat-operating 
lever;  D  is  the  rheostat.  As  the  water  rises,  the  float  E 
turns  the  wheel,  which  cuts  out  resistance  in  D  and  cause,-} 
the  voltage  to  register  on  the  voltmeter.  As  the  water 
falls  it  cuts  in  resistance  and  lowers  the  voltage,  as  in- 
dicated by  the  meter.  The  current  is  supplied  to  the  cir- 
cuit, as  shown  in  the  drawing. 

When  the  float  rises  within  two  feet  of  the  top  of  the 
standpipe  the  metal   ring  F  closes  the  contacts   G  and 


Rheostat  Water-Level  Indicator 

rings  the  bell  at  the  plant.  Then  when  the  float  gets 
within  two  feet  of  the  bottom  metal  ring  H  closes  the 
contacts  -/  and  rings  the  bell. 

A.  G.  Vinson. 
Yazoo  City,  Miss. 

Success  of  Graphite  in  Boilers 

I  have  read  the  letters  from  E.  V.  Sutton,  of  Esther- 
ville,  and  Daniel  I.  Curtin,  of  North  White  Plains,  N.  Y., 
telling  of  their  experience  with  graphite. 

I  am  employed  by  the  Armstrong  Cement  Works,  of 
Armstrong,  Iowa,  and  have  charge  of  the  power  plant.  1 
have  used  soda  ash  in  the  boiler  with  success,  but  when 
we  installed  a  new  boiler,  feed-water  heater  and  pump, 
we  had  trouble  with  the  pump  clogging  so  decided  to  try 
graphite.  Before  we  used  graphite  there  was  a  soft  sub- 
stance in  the  pump  which  could  easily  be  washed  out 
with  a  strong  stream  of  water,  now  since  the  use  of 
graphite  there  is  a  scale  about  %  in.  thick  coated  with 
graphite  which  adheres  to  the  valves  and  springs,  which 
keeps  them  from  working  and  is  also  very  hard  to  re- 
move. I  have  been  using  my  jiocket  knife  to  scrape  it 
off. 

The  last  time  I  cleaned  the  pump  I  mixed  a  strong 
solution  of  soda  ash  and  put  it  in  the  pump,  leaving  it 
there  about  two  hours,  this  made  it  easier  to  remove.  To 
keep  the  pump  in  good  working  order  it  has  to  be  cleaned 
every  two  or  three  weeks.  The  heater  is  cleaned  once  a 
month.  There  is  a  scale  on  the  pans  that  is  usually  li/4 
in.  thick. 

From  the  water  line  down  half  way  on  the  sides  of 
the  boiler  the  shell  is  coated  with  graphite  with  no  scale 
under  it  but  the  lower  half  has  a  thin  scale  about  ^V  in- 
thick  with  graphite.  The  tubes  are  in  the  same  condi- 
tion. 
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Wu  liave  a  grapliite  feeder  connected  with  the  suction 
pipe  of  tlie  pump  iu  wiiich  the  graphite  is  fed  continu- 
ously. 

We  have  used  graphite  ahout  sixty  days.  The  first 
two  weeks  we  used  it  according  to  directions  then  we 
doubled  the  dose  with  no  better  success.  Before  we  started 
using  graphite  there  was  no  scale  in  the  boiler.  We  have 
some  graphite  left  and  have  decided  to  try  graphite  and 
soda  ash  mixed. 

Test  of  Valve  and   Piston  Tightness 

Un  page  121  of  the  July  22  issue  is  a  description  of  a 
test,  as  above,  of  a  Ball  engine.  One  brief  remark  strikes 
nie  as  being  worthy  of  educational  note — "it  is  plain 
that  no  steam  is  escaping,  although  it  is  reported  that  a 
few  drops  of  water  were  discharged  intermittently." 

Here  is  a  practical  demonstration  of  one  of  the  great- 
est benefits  which  is  to  be  derived  from  the  use  of  super- 
heated steam — no  leaks  past  the  piston  and  valve-gear. 
When  the  steam  is  wet  the  moisture  in  it  can  get  through 
the  most  restricted  passage,  but  the  steam  itself  will  not 
escape.  The  steam  tightness  of  the  valves  and  piston 
of  the  Ball  engine  as  described  was  perfect,  and  yet  mois- 
ture could  get  through.  How  much  more  than  "a  few 
drops  intermittently"  would  come  past  the  valves  and  pis- 
ton of  an  oigine  whose  steam  tightness  is  such  as  is 
commonly  found  in  practice,  may  better  be  imagined  than 
described.  In  a  cylinder  of  any  size  it  would  not  take 
long  to  fill  a  bucket. 

The  obvious  moral  is  superheat  if  practicable,  but  un- 
less there  are  other  outside  conditions  dictating  high  de- 
grees of  superheat,  remember  that  there  is  no  economy  in 
carrying  the  superheat  to  a  higher  degree  than  will  en- 
able the  steam  to  be  dry  all  the  time  it  is  in  the  engine 
cylinder. 

John  S.  Leese. 

Manchester,  Eng. 

Why  Trap  Failed  to  Drain  Cans 

L.  Johnson  asks  a  very  interesting  and  instructive 
question  in  the  issue  of  Sept.  9.  It  is  to  be  regretted 
that  he  did  not  submit  a  sketch  with  it  or  give  more 
definite  information,  as  in  its  present  state  many  things 
are  unknown  to  men  of  much  experience  who  would  glad- 
ly help  solve  the  question. 

Was  the  trap  a  return  or  separating  trap?  Assuming 
it  was  of  the  return  variety,  was  it  installed  in  the  first 
place  beyond  the  receiver,  or  in  the  same  relative  posi- 
tion as  the  pump  that  it  was  installed  to  replace,  and 
did  replace  later  on?  And,  again,  how  much,  if  any, 
was  the  top  of  the  bowl  or  tank  of  the  trap  when  in  its 
filling  position  below  the  outlet  of  the  cans? 

Without  definite  information,  it  would  seem  as  if  the 
top  of  the  trap  as  first  installed  was  very  near  the  same 
level  as  the  outlet  of  the  cans,  or  possibly  a  trifle  above 
it,  so  there  was  not  enough  head  to  fill  as  fast  as  necessary 
to  keep  the  cans  free,  for  it  must  be  remembered  that 
under  certain  conditions  it  takes  a  trap  as  long  to  fill  as 
it  does  to  empty.  A  pumping,  lifting,  or  return  trap,  is 
only  delivering  its  contents  one-half  the  time,  and  it 
seems  as  if  in  this  case  the  trap  filled  so  slowly  that  while 
it  was  discharging  the  water  accumulated  in  the  cans,  and 
when  it  was  removed  to  its  second  position  close  to  the 


cans  it  was  set  somewhat  lower,  or  if  on  the  same  level 
then  the  mere  difference  in  friction  of  the  supply  pipe 
was  enough  to  remove  the  cause  of  disorder. 

W.  II.  Odell. 
Yoiikers,  X.  Y. 
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Preventing  Freezing  of  Air-Driven 
Pumps 

In  reply  to  II.  II.  Leonard's  question,  on  page  138, 
July  22  issue,  in  regard  to  the  freezing  of  the  exhaust 
of  an  air-driven  pump,  I  would  say  that  the  freezing 
is  due  to  the  presence  of  moisture  in  the  air. 

In  a  number  of  plants  where  pumps,  rock  drills,  el. 
are  operated  by  compressed  air,  the  moisture  is  succo- 
fully  removed  from  the  compressed  air  to  obviate  tin-. 
difficulty.  It  is  well  known  that  the  capacity  of  air  to 
carry  water  vapor  increases  as  the  temperature  rises,  and 
diminishes  as  the  temperature  is  lowered.  What  is  knowa 
as  "aftercoolers"  are  frequently  used  for  this  purpose. 
These  are  generally  built  like  surface  condensers,  or  coils 
of  pipe,  in  which  the  air  after  leaving  the  compressor  is 
cooled  as  low  as  possible  by  cool  circulating  water,  aftrr 
which  the  air  is  passed  through  a  receiver  or  separatnr 
to  remove  the  water  that  is  condensed  from  the  air.  if 
this  is  properly  done  there  seldom  is  much  trouble  from  , 
freezing.  Sometimes  a  separator  or  receiver  is  used  near 
the  place  where  the  air  is  used  as  the  air  is  generally 
cooled  down  enough  to  precipitate  most  of  the  moisture 
if  it  is  any  considerable  distance  from  the  compressor. 

On  sinking  pumps,  etc.,  in  mines  a  small  stream  df 
water  is  often  allowed  to  drip  back  over  the  pump. 

G.  A.  Eeichaed. 

Los  Angeles,  Calif. 

Stops  Leak  with   Babbitt  Metal 

While  in  charge  of  a  small  steam  plant,  I  was  troubled 
with  a  leaky  steam  pipe.     The  leak  occurred  at  the  screw 
joint,  which  I  had  several  times  attempted  to  stop  by 
screwing  the  coupling  wp  tighter,  by  calking,  and  with   , 
cements,  but  the  steam  continued  to  escape.     The  pipe  ■■ 
was  so  old  and  rusty  that  I  could  not  tighten  it  any  more,  ., 
and  I  could  not  make  adhesives  stick  permanently. 

The  pipe  was  continued  from  the  boiler  to  an  engine, 
a  distance  of  about  50  ft.  The  leaky  joint  was  just  under 
the  floor  of  the  engine  room  where  there  was  very  little 
space  for  working,  but,  inasmuch  as  the  joint  was  not 
visible,  I  decided  that  even  a  poor-looking  job,  if  thor- 
ough, would  be  satisfactory. 

It  occurred  to  me  that  a  mold  could  lie  formed  around 
the  pipe  with  little  trouble  and  that  if  the  mold  were 
filled  with  hot  babbitt  completely  around  the  leak,  there  ■ 
would  be  no  more  trouble.  I,  therefore,  bent  a  strip  of 
sheet  metal  around  the  pipe  at  the  troublesome  spot, 
bent  up  the  ends,  puttied  up  the  sides  to  render  the  mold  I 
leakless  and  poured  the  babbitt.  Although  the  finished 
job  does  not  look  first-class,  the  leak  no  longer  exists. 

The  method  may  appeal  to  some  engineers  as  a  means 
for  effecting  good,  temporary  repairs  as  well  as  perma- 
nent ones. 

S.  F.  Wilson. 

Brooklyn.  X^.  Y. 

[It  would  have  been  far  better  to  renew  the  corroded 
pipe  instead  of  stopping  the  leak  as  described. — Editor.] 
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Height  for  GlaKN  Gage — At  what  heig-ht  should  ;i  glass 
ter   gage    be    placed    on    a    horizontal    tubular    boiler? 

W.  II. 
At   such    height    that    the    lowest   visible    part    of    the    glass 
1  be  at  least  2   in.  higher  than  the  top  of  the   highest  tube 
the   boiler. 

Laying  I'p  a  Storage  Battery — If  a  stovage  battery  is  to 
put  out  of  service  for  an  indefinite  time,  what  attention 
luld    it    receive? 

A.  A.  T. 
Charge  the  battery  to  its  full  capacity  and  then  remove 
acid  and  fill  the  cells  with  distilled  water,  and  when  again 
uired,  refill  with  acid,  and  give  the  battery  an  overcharge; 
discharge  the  battery  until  the  voltage  is  practically  zero, 
i    after    rinsing    with    distilled    water,    allow    the    plates    to 


Radius  of  Bumped   Head — What   would   be   the    radius   of   a 
ivex  head    which   is   30    in.    dia.    and   bumped    4    in.? 

R.   A.    S. 
Calling  the  radius  R,  then 

R'  =  (V)'  +  (R  -  4)^ 


225 


R= 


8R     +     16 


241    oi-    R,    the    radius 


=}'     =    30%    in. 


Horsepower  of  A.C.  Motor — How  is  the  horsepower  found 
a   three-phase   a.c.   motor   when   voltage   and   amperage   are 

fen? 

E.    F.    R. 
The  power  of  a  three-phase  motor  is  given  by  the  formula 
Current    X    voltage    X    1.73    X    power  factor 

KW  =  — — — ■ 

1000 
is  applies  to  the  current  in  any  phase,  and  the  voltage  is 
It  measured  across  any  two  of  the  live  wires.  As  one 
rsepower  is  equivalent  to  0.746  kilowatt,  the  horsepower 
the  motor  would  be  the  kilowatts  found  by  the  formula 
'ided    by    0.746. 

Running  Motor  as  a  Dynamo — Will  it  be  possible  to  run  a 
)-kw.  direct-current  motor  as  a  dynamo?  What  changes, 
any,   will  have  to  be  made? 

E.    P.    B. 

Any  direct-current  motor  can  be  used  as  a  dynamo.  The 
ly  difference  is  that  when  used  as  a  motor,  it  has  a  low- 
sistance  rheostat  in  series  with  the  armature:  "whereas, 
len  used  as  a  dynamo,  it  is  provided  with  a  high-resist- 
ce   rheostat,    in    series    with    the    shunt    field. 

If  the  machine  is  compound-wound  it  will  be  necessary  to 
terchange  the  two  terminals  of  the  series  field  winding  to 
event  it  from  opposing  the  shunt  field  winding,  also,  it 
11  be  necessary  to  speed  up  the  machine  slightly  above  the 
eed  at  which  it  ran  as  a  motor,  to  compensate  for  the  volt- 
'e  drop   in  the  armature   circuit. 


Variation  in  Pressure  Along  Pipe  Line — When  water  from 
pump  is  being  discharged  through  a  horizontal  pipe  line 
ider  pressure,  is  the  pressure  the  same  at  all  points  along 
e  pipe  line? 

M.    N. 
The  pressure  will  not  l^e  the  same;  beginning  at  the  pump, 
iction   will    cause   the    pressure    to    drop   from    point   to   point 
1  along   the   line. 


Heat  Absorbed  l»y  Ice — How  much  heat  will  be  absorbed 
■  a  block  of  ice  4x6x4  ft.,  at  32  deg.   F.  in  becoming  melted 

water? 

H.  E.  H. 

Average  ice  weighs  about  57.5  lb.  per  cu.ft.  and  a  block  of 
e  size  mentioned  would  contain  96  cu.ft.  and  weigh  5520 
.      The   latent   heat,   i.e.,    the    heat   required    to   melt   a   pound 

ice  at  32  deg.  F.  to  water  being  144  B.t.u.  the  heat  re- 
lired  would  be   5520    X    144    =    794,880  B.t.u. 


Steam  Discharge  from  I*ipe — What  quantity  of  steam 
would  be  discharged  per  hour  by  a  %-in.  pipe  kept  filled  with 
steam  at  125  lb.  boiler  pressure,  the  open  end  of  the  pipe 
being  submerged   1   ft.   below   the  surface  of  water  ii    a  tank? 

S.   S.   G. 
The  discharge  would  be  practically  the  same  as  would  be 
given    by    Napier's    approximate    forniula    for    the    outflow    of 
steam   into  the   atmosphere   viz.:    Pounds    of  steam    per   second 

pa 
:=   — ,    in   which    p    =    absolute    pressure    in    pounds    per    sq.in. 

70 
and  a   =    area  of  orifice  in  squai'e  inches.      The  absolute  pres- 
sure  being   125     +     14.7    =    139.7    lb.    per   sq.in.    and   as   a    =i-in. 
dia.  orifice  would  have  an  area  of  0.44179  sq.in.,  then  according 
to   the  formula  the   discharge  would   be 
139.7  X  0.44179 

~    0.S816    lb.    per    second,    or 

70 
0.SS16   X    60    X    60    =    3173.76  lb.  discharged  per  hour. 


Pressure  After  Cutting  Off — With  an  engine  having  7  per 
cent,  clearance  and  cutting  off  at  half  stroke,  what  would  be 
the    pressure   at    three-fourths    stroke? 

D.   T. 
The   absolute   pressure   at   three-fourths   stroke    would   be 
0.5     +  0.07        0.57 


0.75    +   0.07        0.82 
or  about  69%   per  cent,  of  the  absolute  pressure  at  cut  off. 


Gasoline — What  are  the  different  grades  of  gasoline,  and 
is  there  any  difference  in  weight  per  quart;  also  how  many 
B.t.u.  are  there  per  pound''  What  amount  of  gasoline  would 
be   consumed    by  an    engine   per    hour? 

J.  M.   H. 

There  is  no  distinct  division  in  the  grades  of  gasoline,  it 
being  designated  according  to  its  specific  gravity,  which 
varies  from  65  to  74  Baum^  scale.  The  heat  value  varies 
with  the  specific  gravity  from  17,000  to  19,000  B.t.u.  per  pound. 
For  the  four-cycle  engine,  under  ordinary  conditions,  it  is 
customary  to  assume  a  consumption  of  one  pint  of  gasoline 
per   horsepower-hour. 


Measuring  Temperature  by  Specific  Heat — What  is  the 
method  of  determining  the  temperature  of  a  furnace  fire,  or 
of  flue  gases  by  heating  and  cooling  a  piece  of  flre  brick  or 
other  substance? 

W.  G.  G. 
A  given  weight  of  the  fire  brick  or  other  substance  of 
known  specific  heat,  is  placed  in  the  furnace  fire  or  flue  gas 
whose  temperature  is  required  and  after  becoming  heated 
to  the  unknown  temperature,  is  plunged  into  a  known  weight 
of  water  and  the  rise  in  temperature  of  the  water  is  noted. 
If 

X  =  The  unknown   temperature   of  furnace   or   fine   gas; 
w  =  Weight  of  heated  substance,  lb.; 
W  =  Weight   of   cooling   water,    lb.; 
T  =  Final  temperature  of  the  wrter; 
t  —  The    temperature    rise,    or    difference    between    initial 

and    final    temperatures   of  the   water; 

s  =  The    specific    heat    of    the    cooled    body: 

the    heat    lost    by    the    cooled    body    being    equal     tc 

gained   by   the  water,   then 

ws    X    (X  —  T)    =   W    :<    t 


lieat 


Wt 


X 


+    T 


The  mean  specific  heat  of  flre  brick  for  high  temperatures 
is  about  0.26  and  if  a  piece  of  fire  brick  weighing  3  lb.  were 
to  be  placed  in  a  furnace,  and  heated  to  the  temperature  of 
the  fire  and  then,  without  loss  or  gain  of  heat,  is  placed  in 
n  bucket  containing  IS  lb.  of  water  of  original  temperature 
of  60  deg.  F. ;  and  after  the  immersion  of  the  heated  sub- 
stance and  without  other  loss  or  gain  of  heat,  the  tempera- 
ture of  the  water  rose  to  150  deg.  F.,  then  the  furnace  tem- 
perature would  be: 

18  X  90 

X    = -t-    150    =    2227    deg.    P. 

3  X  0.26 
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Heat  Balance 

In  preceding  lectures  a  method  was  given  for  conduct- 
ing a  boiler  test,  making  and  estimating  the  efficiency  and 
economic  results.  After  a  test  has  been  made  the  owner 
or  engineer  may  be  dissatisfied  with  the  showing  inade. 
He  may  have  been  justified  in  expecting  a  better  efficiency 
when  the  design,  arrangement  and  condition  of  the  boiler, 
furnace  setting,  etc.,  are  taken  into  consideration.  The 
test  report  alone  does  not  show  him  in  what  particular 
the  operation  was  poor,  it  simply  gives  final  results.  To 
get  fuller  information  as  to  how  the  operatiiou  can  be 
improved  it  is  necessary  to  analyze  the  distribution  of 
the  heat  contained  in  the  coal.  Perhaps  in  every  pound 
of  coal  thrown  into  the  furnace  there  was  14,000  B.t.u. 
available.  If  all  this  heat  could  be  put  into  the  water, 
an  efficiency  of  100  per  cent,  would  be  obtainable. 

Unfortunately,  this  is  impossible — some  loss  is  bound 
to  take  place.  At  the  very  beginning,  some  of  the  burn- 
able matter  falls  through  the  grate  with  the  ash.  Hence, 
all  the  combustible  matter  of  the  original  pound  of  coal 
is  not  burned  and,  consequently,  the  full  14,000  B.t.u. 
is  not  generated.  Next,  the  moisture  in  the  coal  must 
be  evaporated  and  superheated  and  all  the  heat  that  such 
moisture  carries  out  with  the  flue  gases  is  lost. 

The  air  fed  into  the  furnace  all  passes  out  again  to 
the  chimney.  True,  a  part  of  it  has  undergone  a  change 
(the  oxygen  combining  with  the  hydrogen  and  carbon  of 
the  fuel)  but  it  is  all  there  nevertheless.  This  air  leaves 
the  boiler  at  a  considerably  .higher  temperature  than  that 
at  which  it  entered.  The  heat  added  to  it  was  obtained 
from  the  coal — and  nowhere  else.  Hence,  here  is  another 
loss.  And  so  it  goes;  some  heat  radiates  from  the  boiler 
and  setting,  and  some  more  heat  is  lost  through  the 
incomplete  combustion  of  the  carbon  in  the  fuel.  Some 
heat  is  lost  through  unburned  particles  of  combustible 
matter  passing  up  the  stack  as  soot,  and  some  is  lost 
because  all  the  heat  created  by  the  combustion  of  the 
hydrogen  in  the  fuel  cannot  be  recovered  in  the  boiler. 

An  itemized  statement  in  B.t.u.  and  percentage  of  all 
these  losses  together  with  the  quantity  of  heat  absorbed 
by  the  water  in  the  boiler  to  make  steam  is  called  a  heat 
balance.  To  itemize  each  loss  individually  would  neces- 
sitate considerable  trouble  in  the  way  of  obtaining  the 
required  data  so  only  six  divisions  are  usually  made: 

(a)  Loss  due  to  moisture  and  hydrogen  in  coal. 

(b)  Loss  due  to  heat  carried  away  by  dry  flue  gases. 

(c)  Loss  due  to  incomplete  combustion. 

(d)  Loss  due  to  coal  dropping  through  grates. 

(e)  Heat   unaccounted    for    (this    item   includes    all 

losses  not  taken  into  consideration  in  the  four 
foregoing  items), 
(f)      Heat  put  into  the  water. 

Item  (a)  is  made  up  of  two  factors:  1,  the  loss  of  heat 
required  to  change  the  moisture  in  the  coal  into  steam 
at  the  temperature  of  the  gases  leaving  the  boiler  and, 
2,  the  loss  due  to  the  fact  that  all  of  the  heat  generated 
by  the  combustion  of  the  hydrogen  of  the  fuel  cannot  be 


used  for  making  steam  in  the  boiler.  When  hydrogen 
iiurns  it  forms  water  in  the  shape  of  highly  superheated 
steam  which  in  the  fuel  calorimeter  is  condensed  so  that 
the  latent  heat  of  this  steam  passes  into  the  cooling  water 
surrounding  the  bomb  (see  lesson  in  June  10  issue)  and 
is  credited  to  the  coal.  In  actual  use  in  the  boiler,  how- 
ever, the  steam  formed  by  the  combustion  of  the  hydrogen 
is  partly  cooled  by  contact  with  the  heating  surface  of 
the  boiler,  but  it  is  not  cooled  sufficiently  to  condense 
and,  consequently,  it  passes  off  in  a  superheated  condi- 
tion at  the  temperature  of  the  chimney  gases.  Hence, 
the  additional  heat  it  would  give  up  if  cooled  down  to 
ordinary  temperatures  and  condensed  is  lost. 

The  heat  given  up  when  a  pound  of  superheated  steam 
at  atmospheric  pressure  is  condensed  and  cooled  from 
500  deg.  to  70  deg.  is  exactly  equal  to  the  heat  required 
to  evaporate  and  superheat  a  pound  of  water  from  70  to 
500  cleg.  Hence,  for  simplicity  and  convenience  it  is  cus- 
tomary to  calculate  the  amount  of  water  that  would  be 
formed  from  the  estimated  quantity  of  hydrogen  in  the 
coal  and  add  this  to  the  amount  of  moisture  in  the  coal 
as  shown  by  the  proximate  analysis  and  then  calculate 
the  heat  required  to  raise  the  total  quantity  to  the  boil- 
ing point,  convert  it  into  steam  and  superheat  it  to  the 
temperature  of  the  escaping  gases. 

The  first  step,  then,  is  to  estimate  the  percentage  of 
hydrogen  in  the  coal,  for  it  is  seldom  that  an  ultimate 
analysis  is  available  in  commercial  practice.  The  fol- 
lowing formula,  originated  by  Professor  Diederichs  and 
published  in  Power  of  Jan.  14,  gives  the  approximate 
total  hydrogen  in  the  combustible  matter: 


// 


7.35 


V  +  10 


0.013' 


where 


Percentage  by  weight  of  hydrogen  in  the  com- 
bustible matter; 
r  ^  Percentage  by  weight  of  volatile  matter  in  tlie 
combustible  matter. 
For  illustrating  the  application   of  this  formula   and 
other  calculations  required  in  constructing  a  heat  balance 
the  data  and  results  of  the  imaginary  test  reported  in  the 
Sept.   30  lesson  will  be  used.     In  the  calculations  last 
week  it  was  found  that  the  percentage  of  volatile  matter 
in  the  combustible  was  4.37.     Substituting  in  the  fon -'>- 
ing  formula  we  have 

H  =  4.37  (^ij^'^iQ—  '^■"l-^)  =  '-^-1^  P''''  ^''"''• 

hydrogen  in  the  combustible  matter.  As  there  is  only 
79.84  per  cent.,  or  0.7984  lb.  combustible  in  each  pound 
of  coal  as  fired,  the  percentage  of  hydrogen  in  the  coal 
as  fired  is  only 

(2.18  X  79.84)  -^-  100  =  1.74  per  cent.  M 

or  0.0174  lb.  hydrogen  per  pound  of  coal  as  fired.  W\ 

In  the  lesson  of  May  6,  it  was  shown  that  the  combus- 
tion of  every  pound  of  hydrogen  results  in  the  production 


I 


October  14,  1913 


P  C)  W  E  K 


0.51 


of  9  lb.  ol  water.  Consequently,  the  eonibustiou  of  0.0174 
lb.  of  hydrogen  results  in  the  production  of 
0.0174  X  9  =  O-IS"?  Il>- 
The  proximate  analysis  of  the  coal  used  in  the  test 
showed  that  in  each  pound  of  coal  ns  fired  there  was  0.07 
lb.  of  water.  Then,  the  loss  due  to  the  hydrogen  and 
moisture  in  the  coal  as  fired  is  equal  to  the  heat  re(iuired 
to  evaporate  and  superheat 

0.157  +  0.07  =  0.227  lb. 
of  water  from  92  to  540  deg.,  the  temperatures  given  in 
the  test  report. 

The  heat  required  to  raise  this  quantity  of  water  from 
92  deg.  to  the  boiling  point,  212  deg.,  is 

(212  —  92)    X  0.227  =  27.24  B.t.u. 
The  heat  required  to  change  this  water  into  steam  from 
and  at  212  deg.  (latent  heat)  is 

970.4  X   0.227  =  220.28  B.t.u. 
And,  assuming  the  specific  heat  of  superheated  steam  to 
average  0.46,  the  heat  required  to  sujjerheat  the  steam 
from  212  to  540  deg.  is 

(540  —  212)    X  0.227  X  0.46  =  34.25  B.t.u. 
Hence,  the  total  loss  per  pound  of  coal  as  tired,  due  to 
the  hydrogen  and  moisture,  is  • 

27.24  +  220.28  +  34.25  =  282  B.t.u. 
As  the  heat  value  of  the  coal  as  fired  was  11,718  B.t.u. 
per  lb.  this  loss  expressed  in  percentage  is 

(282  H-  11,718)  X  100  =  2.4  per  cent. 
In  the  present  case  this  loss  is  not  very  high,  because 
the  coal  used  was  of  the  anthracite  grade  in  which  the 
percentage  of  moisture  and  hydrogen  never  runs  very 
high.  But,  with  other  grades,  especially  the  bituminous 
and  lignite,  the  loss  runs  considerably  higher. 

Item  (b)  of  the  heat  balance  is  the  most  important 
because  it  is  the  largest  and  its  magnitude  depends  greatly 
upon  the  skill  and  care  used  in  operation. 

A  formula  for  estimating  the  heat  lost  u\)  the  chim- 
ney per  pound  of  coal  burned  was  given  in  the  July  22 
lesson  as  follows : 

L  =  0.24  W  (T  —  t) 
where, 

L  =  B.t.u.  lost  up  the  chimney  per  pound  of  fuel 

burned ; 
W  =  Weigb*^  of  tine  i;as  funned  per  pound  of  fuel 

burned ; 
T  =  Temperature  of  the  gases  leaving  the  boiler; 
i  —-.  Temperature  of  the  air  entering  the  furnace. 
The  weight  of  the  flue  gases  formed  per  pound  of  coal 
iuirned  is  estimated  by  another  formula  in  the  July  22 
issue  as  follows : 


"^^  =  '■''''' (mf!^,^. 


+  (1  -  A) 


where 

C  =  Weight  of  total  carbon  in  the  fuel  as 
fired ; 
iV,  C'0„  rt/kZ  CO  =  Percentage    by    volume    of    nitrocren, 
carbon  dioxide  and  carbon  monoxide, 
respectively,  in  the  flue  gases ; 
^4  =  Weight  of  ash  in  the  fuel  as  tired. 
When  the  volatile  matter  in  the  combustible  amounts 
to  12  per  cent,  or  more  the  total  carbon  in  the  coal  as 
fired  is  found  with  the  aid  of  the  chart  in  the  July  23 
issue.     Where  it  runs  less,  it  is  safe  enough  to  assume 
that  the  volatile  carbon  is  approximately  one-third  of  the 


volatile  matter.     Thus,  in   the  present  case,  the   volatile 
carbon  in  the  coal  as  fired  would  be 

3.49  ^  3  =   1.16  per  cent. 
and  the  total  carbon  would  be,  therefore, 

76.35  +  1.16  =  77.51  per  cent. 
or  0.7751  lb.  per  lb.  of  coal  as  fired.     Substituting  in  the 
foregoing  formula  this  value  and  the  values  for  the  flue 
gases  as  given  in  the  test  report  we  have: 


W  =  3.032  X  0.7751 


80. 


+  (1  —  0.1316) 


1U.7  -f  0.4y 

=  17.85  tb. 
And  ai)plying  this  factor  in  the  formula  for  heat  loss  we 
luive 

L  =  0.24  X  l'?-86  (540  —  92)   =  1920  B.t.u. 
per  pound  of  coal  burned,  carried  up  the  chimney  by  thr 
flue  gases.     Expressed  in  percentage  this  equals 

(1920  -^•  11,718)  X  100  =  16.38  per  cent. 
The  method  of  calculating  item   (c)  was  given  in  the 
Aug.  5  lesson.     The  formula  is, 


//  =  10,150 


CO 

Yv  +  ('0. 


in  which  L'  equals  the  heat  loss  due  to  incomplete  com- 
bustion per  pound  of  coal  burned  and  expressed  in  B.t.u., 
and  the  other  symbols  represent  the  same  values  as  be- 
fore.    The  heat  loss  in  the  present  case  is 


L'  =  10,150 


0^4 

(1.4  +  It). 


0.7751  =  283  B.t.it. 


(283  H-  11,718)  X  100  =  2.41  per  cent. 
In  last  week's  lesson  it  was  estimated  that  there  was 
532  lb.  of  combustible  matter  in  the  ash  and  refuse.  As 
the  heat  value  of  the  combustible  was  found  to  be  14,677 
B.t.u.  per  lb.,  the  total  heat  loss  due  to  unburned  coal 
dropping  through  the  grates  was 

14,677  X   532  =  7.808,164  B.t.u. 
And,  consequently,  tho  loss  per  pound  of  coal  fired  (item 
(d)  of  the  heat  balance)  was 

7,808,164  -f-  10,372  =  753  B.t.u. 
which,  expressed  in  percentage  equals, 

(753  -=-  11,718)   X  100  =  6.43  per  cent. 
Item  (e)  is  the  difference  between  the  heat  value  of  the 
cal  as  fired  and  the  sum  of  all  the  other  items. 

The  efficincy  of  the  boiler  and  grate  was  found  to  be 
per  cent.     In  other  words, 

(11,718  X  68.98)  -^  100  =  8083  B.t.u. 
was  ]nit  into  the  water  in  the  boiler  to  make  steam.  Then, 
item    (e),   representing   all    other   losses   or   losses   unac- 
counted for  must  be, 

11,718  —  (282  +  1920  +  283  +  753  +  8080)   = 

397  B.t.u. 

(397  -^  11,718)   X  100  =  3.39  per  cent. 

All  the  items  of  a  heat  balance  are  usually  arranged  in 

tabular  form,  thus: 


HEAT  BAL.-iNCE 
Heat  value  of  1  lb.  coal  as  fired  =  11,718  B.t.u 
Distribution  of  Heat  B.t.u. 

(a)    Loss  due  to  moisture  and  hydrogen  in  coal 


(b)  Heat  carried  away  by  flue  pases. 

(c)  Loss  due  to  incomplete  combustion 

(d)  Loss  due    to   unhurned   coal    dropping   through 
grates 

(e)  Losses  unaccounted  for 

(f)Heat  absorbed  by  boiler 


B.t.u.  Percent. 

282  2.41 
1.920  lfi.38 

283  2.41 

7,53  6.43 

.3i)7  3.39 

8,080  68.98 


Total. 
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OVER   THE   SPILLWAY 

JUST      JESTS,     JABS,     JOSHES      AND     JUMBLES 


Old  Sol,  to  whom  we  have  always  looked  as  an  inspirer 
of  warmth,  happiness  and  good  cheer,  is  in  bad  out  Kansas 
way.  He's  been  a  veritable  firebug  during  the  hot  spell. 
He'd  hit  a  tin  roof,  and  blim!  the  house  burned  up;  he'd 
focus  on  a  barb-wire  and  blam!  a  hayfleld  was  consumed; 
when  gathered  by  a  lantern  globe,  the  ancestral  home  was 
doomed  before  the  vamps  could  find  their  fire  hats.  Solly, 
we're  a  bit  disappointed  in   you. 


Sli 


After    700    years    Roger    Bacon    will    have    a    statue    erected 
his    memory    at    Oxford.      Bringing    home    the    bacon    is    a 
iw  process  sometimes. 


Petty  pilferings  are  going  on  while  soap  is  being  shipped 
in  New  York  for  New  Zealand,  says  a  New  Zealand  paper. 
It  alleges  an  alliance  between  disiionest  cops  and  robber 
shipping  gangs.  Soap  stealing  sure  does  take  the  cake,  but 
perhaps  it  is  needed  for  another  clean-up. 

Joseph  J.  O'Brien,  secretary  of  the  California  State  Asso- 
ciation, is  the  founder  and  editor  of  an  interesting  little 
monthly  called  "Invention."  It's  meaty,  wise  and  pertinent, 
and   should   interest  even    the   layman. 

Miss  Jane  Addams,  we  have  before  remarked,  ran  second 
in  a  10.000-name  race  with  Thomas  A.  Edison  as  "the  most 
useful  citizen,"  and  deservedly  so.  Now  she  is  quoted  as  say- 
ing. "The  fewer  clothes  we  can  wear,  the  better."  Won't  say 
another    word   until   we    hear    from    the   lady. 

Vi 

Seven  hundred  feet  below  the  East  River,  two  sections  of 
the  Catskill  aqueduct  tunnel  met — and  the  variation  was  less 
than  half  an  inch!  Get  that  inch!  No  guesswork  in  this  kind 
of  engineering  eh,    what? 

New  York's  attorney-general  says  that  electrical-plant 
i-mployees  are  entitled  to  one  day's  rest  in  seven.  Better  talk 
with  the  boss,  judge;  some  of  us  can't  make  him  see  it  your 


Out  at  the  pumping  station  the  employees  can't  get  a  day 
a  week,  the  law's  agin'  it,  states  this  same  judge.  "Pumpers, 
pump,  ding  ye,  and  keep  apumpin'!"  as  John  Poote  told  the 
band   at    the    Springfield    convention. 

The  Geological  Survey  again  takes  its  pen  in  hand  to  re- 
mind us  that  gold  is  still  worth  $20.671834625323  per  ounce. 
Thanks,  fellers,  thanks,  but  say,  what  does  it  look  like,  and 
feel  like,  to  have  and  to  hold  an  ounce  of  this  metal? 


Down  in  Paraguay  difficulty  is  found  in  successfully  rais- 
ing hogs.  Come  on  up  to  New  York,  Jose  and  Miguel.  You 
might  work  up  a  good  shop  kink  by  watching  the  mob  on 
the  elevaied  roads.  These  hogs  run  wild;  don't  need  rais- 
ing. And,  then,  you  might  give  us  a  tip  on  how  to  improve 
the   breed. 


At  last  we  have  official  sanction  to  pin  a  rose  on  Father. 
The  national  House  will  make  the  first  Sunday  in  June 
"Fathers'  Day,"  Father  to  wear  a  rose.  Mother  used  to  "pin 
a  rose  on  Me";   now,   Father  will  make  a   stab  at  it. 


Are  the  Damms  and  the  Hells  going  to  start  something? 
We  have  been  somewhat  facetious  respecting  the  whole 
Damm  family,  but  the  Hells  are  new  to  our  midst.  Adam 
Damm  (sort  of  tautological,  what?)  says  the  Hells  are  trying 
to  outbid  the  Damms  for  public  attention.  Further,  he  says 
there  are  enough  Damms  to  sink  the  Hells  into  oblivion; 
enough,   in   fact,    to   patch    that   celebrated   mile. 

Waste   Charged   to   IjOcomotive   Heads — Headline. 

Sounds  like  we  must  soon  expect  a  head-on  collision  be- 
tween some  of  the  American  Locomotive  Co.  officials.  It  is 
charged  that  the  managers  are  running  by  signals  and  won't 
put  on  the  brakes. 


Meeting  of  Cotton  Manufacturers 

The  National  Association  of  Cotton  Manufacturers  hrld  its 
S5th  semiannual  meeting  at  the  Chaltonte,  Atlantic  City,  N.  J., 
on  Sept.  30  to  Oct.  2.  It  was  attended  by  about  200  members. 
In  addition  to  discussing  the  papers  read,  the  meeting  brought 
together  many  leading  representatives  of  the  cotton  manufac- 
turers for  interchange  of  opinions  on  trade  condition.s  and 
prospects. 

The  first  session  was  called  to  order  by  President  Edwin 
Farnham  Greene,  treasurer  of  the  Pacific  Mills  and  presidtnt 
of  Lockwood,  Greene  &  Co.  Addresses  of  welcome  were  de. 
livered  by  A.  T.  Bell,  city  clerk,  in  absence  of  Mayor  Riddle, 
on  behalf  of  the  municipality,  and  by  the  Hon.  Joseph  W. 
Salus,  president  of  the  Business  Men's  League  of  Atlantic  City, 
who  said  the  association  was  "one  of  the  most  potent  factors 
of  National  commerce  and  prosperity."  Response  was  made 
by  First  Vice-President  Albert  Greene  Duncan,  treasurer  of 
the  Chicopee  Manufacturing  Co.,  and  of  Harmony  Mills 
(Cohoes). 

In  his  address  President  Greene  stated  that  the  textile  in- 
dustry is  now  entering  a  period  of  operation  under  conditions 
which  exact  most  skillful  mill  management  combined  with 
the  highest  order  of  business  administration.  As  to  scientific 
management,  the  speaker  said:  "Any  observant  outsider  in  a 
casual  visit  to  our  mills  may  think  he  sees  ways  of  economiz- 
ing, but  those  who  have  been  in  the  business  realize  that 
there    are     complex    conditions    to    contend    with. 

Following  the  addresses,  the  president  and  the  two  guests 
held  an  informal  reception  which  was  also  attended  by  the 
ladies. 

On  W^ednesday  and  Thursday  two  daily  sessions  were  held 
at  which  14  papers  were  discussed,  embracing  a  number  of 
subjects  which  in  ordinary  mill  organization  are  pertinent 
to  powtr-plant  management   and   operation. 

In  his  paper  on  "Industrial  Accidents,  Their  Compensation 
and  Prevention,"  Carl  M.  Hansen,  New  York,  said  that  "by 
establishing  higher  standards  of  safety  and  sanitation,  you 
increase  the  efficiency  of  your  workmen.  All  these  exposed 
belts,  shafting,  gears,  pulleys,  clutches,  couplings,  setscrcws, 
keys,  pins,  bad  floors,  and  unprotected  openings  in  floor,  stairs 
without  handrail,  with  bad  treads  and  poorly  lighted,  inse-  ! 
cure  platforms  and  runways  without  rails  and  toe  board,  bad 
light  throughout  the  plant;  disorderly  arranged  machinery 
and  debris  littered  throughout  an  establishment  cause  great 
loss   in   the   productive   efficiency   of  your  employees." 

L.  H.  Kunhardt,  vice-president  and  engineer  of  the  Boston 
Manufacturers'  Mutual  Fire  Insurance  Co.,  in  his  paper,  "Pre- 
servation of  Life  in  Factory  Fires,"  stated  that  "the  larger 
factories  have  given  most  serious  consideration  to  the  matter 
of  self  protection  with  the  result  that  they  have  been  almost 
entirely  free  from  loss  of  life  when  fires  occur.  The  most 
vital  factor  in  preventing  loss  of  life  and  property  is  the  auto- 
matic sprinkler,  and  this  alone  will  render  the  great  majority 
of  fires  harmless  to  life  and  of  small  damage  to  property,  but 
there  must  be  secondary  safeguards  briefly  covered  by  the 
general  name  'slow-burning  construction,'  which  means  brick 
or  equivalent  walls,  solid  floors  without  openings  between 
stories,  stairs  in  outside  towers,  elevator  and  other  opening 
protected  and  safe  arrangement  of  processes.  Then,  even  If 
very  rarely  sprinklers  fail  for  any  cause,  the  spread  of  fire 
■will  be  so  retarded  that  the  operatives  can  escape  without 
harm." 

Speaking  on  the  topic,  "Methods  of  Cost  and  Clear  Ac- 
counting Essential  to  Efficient  Mill  Management,"  Clinton 
H.  Scovel  said  that  the  equipment  in  each  production  center 
represents  an  investment  of  capital;  requires  the  payment  of 
taxes  and  Insurance;  It  suffers  depreciation,  and  it  incurs 
charges  for  power,  repairs,  such  indirect  items  as  superin- 
tendence, inspection  and  helpers'  services.  If  the  mill  shuts 
down,  the  power  may  be  shut  off  and  the  overseers  and  sec- 
ond hands  dismissed;  but  so  long  as  it  runs,  however  short- 
handed  or  inefficient,  these  charges  do  not  change  materially. 
Very  few  mills  have  calculated  the  burden  element  in  cost  • 
with  any  degree  of  precision,  and  it  is  not  necessary  that  a 
business  should  be  approaching  failure  in  order  to  have  work 
of   this   kind   highly   profitable. 

In  a  paper  on  "Developments  in  Lubrication,"  W.  P.  Parish, 
New  York  City,  claimed  that  the  rule  is  that  within  limits  a 
reduction  in  the  viscosity  of  a  lubricant  will  bring  about  a 
reduction  in  the  coefficient  of  friction,  or  a  reduction  in 
temperature  and  in  lost  power.  Most  of  the  resistance  or 
lost  power  in  running  machinery  Is  caused  by  the  internal 
friction  or  the  fluid  friction  in  the  lubricant  used,  assuming 
that  an  average  condition  with  an  average  oil  is  under  con- 
sideration. It  is  only  occasionally,  through  the  use  of  a  very 
improper  oil  or  lack  of  feed  of  a  proper  oil,  that  actual  metal 
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wear  on  properly  constructed  bearings  takes  place.  Wherever 
bearings  are  flooded,  or  where  a  proper  working  oil  film  i3 
maintained,  a  very  large  proportion  of  the  frictional  loss  is 
directly  due  to  the  internal  fluid  friction  of  the  oil  itself, 
and  this  can  be  influenced  one  way  or  another  along  certain 
prescribed  lines. 

In  working  entirely  with  paraffin  base  oils  the  coefficient 
of  friction  is  influenced  directly  in  proportion  to  the  rise  and 
fall  of  the  viscosity  of  the  oil  used,  always  within  the  limits 
of  speed  and  pressure.  Working  with  oiis  made  from  the 
new  Southern  or  Texas  asphallio  base  crudes  the  same  gen- 
eral rule  also  applies. 

"I  have  the  honor,"  said  Mr.  Parish,  "to  present  fcr  the 
first  time  scientific  and  practical  tests  and  investigations 
which  show  that,  while  the  general  law  of  tlie  relation  of 
viscosity  to  power  is  applicable  to  lubricants  made  from 
any  one  crude  or  classification  of  crude,  a  modification  is 
necessary  when  tests  on  oils  made  from  the  paraffin  base 
crudes  are  compared  with  tests  on  oils  made  from  the  new 
Texas  base  crudes.  This  technical  feature  of  the  Texas  base 
oils  is  of  the  utmost  importance,  not  only  from  a  scientific, 
but  from  a  practical  standpoint. 

"The  great  technical  advantages  in  being  able  to  use  a 
heavier-bodied,  higher-viscosity  oil  for  lubrication  are  obvi- 
ous. Less  oil  of  this  kind  will  be  used,  as  it  will  not  flow 
as  rapidly  from  the  oil  can  or  cup.  In  the  case  of  textile-mill 
work,   a   heavier-bodied  oil  will  not  drip  as   rapidly  from   the-- 


an  interesting  reference  to  a  scientific  metliod  of  inspection 
of  the  tension  of  small  belts.  It  also  described  a  portable 
apparatus  for  determining  the  proper  amount  for  cutting 
out  of  the  length  of  belts  for  obtaining  a  tension  which 
will  be  within  the  elastic  limit  of  belt  strength  and  not  pro- 
ductive  of  unnecessary  journal   friction. 

"It  has  been  proved  conclusively  by  a  series  of  experiments 
lasting  over  nine  years,"  continued  Mr.  Wilcox,  "that  tension 
of  belts  has  mere  to  do  with  their  life  than  any  other  one 
factor.  I 

"The  average  leather  belt  during  its  life  stretches  at  least 
6  per  cent,  of  its  original  length,  stretching  rapidly  from  the 
beginning  till  a  period  of  four  to  twelve  months  has  elapsed, 
then  a  stretching  almost  uniformly  for  a  number  of  years 
dependent  v.pon  the  care  it  receives  until  finally  its  elasticity 
is  practically  gone,  and  the  question  arises  wliether  it  is 
cheaper  to  keep  on  repairing  it  every  week  or  two  or  to  buy 
a  new  belt.  It  has  been  found  that  belts  wsll  piuportioned 
for  the  work  required  of  them  need  tightening  at  intervals 
of   tv/o   to   six  months. 

"Because  of  these  conclusions  and  the  usual  lack  of  uni- 
formity in  the  care  of  belts,  a  system  and  apparatus  have 
been  devised  by  means  of  which  belts  may  be  cared  for  in  the 
most  economical  manner  and  interruptions  to  manufacture, 
due  to  failure  of  belting,  may  be  reduced  to  a  minimum. 

"When  this  belt  system  was  first  applied  in  mills,  a  bench 
was   te*i!t    for    weighing    the    tensions    of    belts    by    means    of 
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boxes  or  shafting.  When  the  plant  is  closed  down,  the 
heavier-bodied  oil  will  have  a  greater  tendency  to  stay  be- 
tween the  surfaces,  so  that  in  starting,  the  initial  fi-iction  or 
power  will  be  better  influenced.  The  lighter-bodied  oils  at 
times  when  the  machines  are  at  rest,  drip  out  or  are  pressed 
out  between  the  surfaces,  and  high  temperatures  result  upon 
starting  the  machines,  owing  to  the  fact  that  little  or  no  oil 
is  present  Ijetween  the  surfaces  to  be  lubricated  during  the 
start  and  until  the  oil  boxes  or  cups  are  brought  into  opera- 
tion. Where  it  is  possible  to  use  a  heavier-bodied  oil  of  higher 
viscosity,   this  effect  is   not  as   pronounced." 

A  paper  on  "Advantages  of  Commercial  IMotor  Cars  in  Cot- 
ton Manufacture,"  by  Day  Baker,  of  Boston,  Mass.,  was  well 
illustrated  by  the  stereopticon.  The  views  showed  the  exten- 
sive use  made  of  trackless  electric-motor  vehicle  work  for 
indoor  and  outdoor  industrial  transportation.  Referring  to 
the  advantages  of  electric  over  other  forms  of  motor  vehicUs. 
Mr.  Baker  said  that  while  the  current  for  the  charging  of 
the  batteries  is  figured  in  all  commercial  estimates  at  4c. 
per  kw.-hr.,  most  mills  or  factories  can  operate  a  small 
waterwheel  or  small  engine  during  the  night,  furnishing 
power  to  charge  the  batteries,  or  taking  current  from"  the 
lighting  plant  before  the  peak  of  the  load,  utilizing  capacity 
of  a  power  equipment  which  would  otherwise  be  idle  and  un- 
productive, thus  reducing  the  cost  of  current -to  a  small  frac- 
tion of  a  cent  per  kilowatt-hour. 

"Care    of    Belts,"    by    Dudley    Wilcox,    Hartford,    Conn.,    had 


spring  balances,  and  periodically  all  belts  in  the  siiop  had 
to  be  brought  to  the  bench  for  inspection  and  repair.  With 
this  inconvenience  in  mind,  a  portable  device  has  been  per- 
fected for  measuring  the  tensions  of  small  belts  while  in 
place  on  their  pulleys. 

"It  consists  of  three  parallel  steel  rollers  about  4  in.  long 
by  1  in.  in  diameter,  spaced  about  10  in.  apart  and  having 
one  end  of  the  axle  bolt  of  each  connected  with  a  frame. 
The  two  end  rollers  have  their  axles  fixed  rigidly  to  tlie 
frame,  while  the  spindle  of  the  central  roller  is  fastened  to 
a  slide  on  the  frame  and  moves  in  a  plane  at  right  angles  to 
the  plane  of  the  other  two  axles.  This  movement  is  controlled 
by  a  compression  spring  pressing  the  axle  bolt  of  the  movable 
roller  against  a  cam  revolved  by  a  handle.  When  the  handle 
of  the  apparatus  is  turned  a  weighing  spring  presses  the  mid- 
dle roller  gainst  the  belt,  flexing  it,  and  showing  the  tension 
of  the   belt   on    the   graduated   rod. 

"By  means  of  this  device,  the  tensions  of  all  belts  up  to 
4  in.  wide  may  be  measured  accurately  while  belts  are  in 
working  position  o^^er  their  pulleys.  With  it  belts  may  be 
inspected  in  about  a  quarter  minute  each  and  the  amount 
necssary  to  be  removed  to  bring  the  belt  up  to  its  proper 
maximum   tension   is   indicated    directly   on   the   scale." 

"Purchasing  Coal  Under  Specifications"  is  the  subject  of  a 
paper  presented  by  George  S.  Pope,  engineer-in-charge  of  gov- 
ernment fuel  inspection.  Bureau  of  Mines,  Washington,  D.  C, 
to   be    published    in    an    early    issue. 


1'  0  W  E  R 


Vol.  oS,  Xo.  lU 


Illuminating  Engineers  Meet 

The  Illuminating-  Engineering  Society  held  Its  seventh 
annual  convention  at  Pittsburgh  on  Sept.  22  to  25,  with  head- 
quarters at  the  Hotel  Schenley.  The  meeting  "was  called  to 
order  by  Chairman  C.  S.  Littlefleld,  and  W.  H.  Stevenson, 
president  of  the  Pittsburgh  Chamber  of  Commerce,  made  an 
address  of  welcome  to  which  President  Millar  and  Vice-Presi- 
dent Macbeth  responded. 

One  of  the  features  of  the  meeting  was  the  presentation 
to  the  society  by  Prof.  Hoadley,  of  a  historic  gavel  symbolic 
in  its  design  of  the  development  of  artificial  illumination  in 
this  country  up  to  the  present  time. 

The  report  of  the  committee  on  progress  completed  the 
business    of  the   morning   session. 

In  the  afternoon  presentation  of  papers  began  and  extended 
over  Tuesday,  Wednesday,  Thursday  and  part  of  Friday.  Fol- 
lowing is  a  list  of  the  papers  presented: 

"Recent  Improvements  in  Incandescent  Lamp  Manufac- 
ture," by  Ward  Harrison  and  E.  J.  Edwards;  "The  Cooling 
Effect  of  Leading-In  AVires  Upon  the  Filaments  of  Lamps  of 
the  Street  Series  T-pe."  T.  H.  Amrine:  "Modern  Practice  in 
Street  Illumination,"  S.  G.  Hibben:  "Hospital  Lighting,"  Wil- 
liam S.  Kilmer;  "The  Efficiency  of  the  Eye  Under  Different 
Systems  of  Illumination — The  Effect  of  Varying  the  Distribu- 
tion and  Intensity  of  Light,"  Dr.  C.  E.  Ferree;  "The  Psycho- 
logical Values  of  Light,  Shade.  Form  and  Color,"  Dr.  F.  Park 
Lewis;  "Some  Theoretical  Considerations  of  Light  Produc- 
tion," W.  A.  Darrah;  "The  Use  of  Nitrogen  at  Low  Pressure 
in  Tungsten  Lamps,"  G.  M.  J.  Mackay;  "The  Neon  Tube  Lamp," 
M.  George  Claude;  "The  Quartz  Mercury  Vapor  Lamp  and  Its 
Application,"  W.  A.  D.  Evans;  "The  Evolution  of  the  Lamp." 
Eoscoe  E.  Scott;  "Description  and  Demonstration  of  the  Light- 
ing of  Soldiers'  Memorial  Hall";  "Church  Lighting,"  R.  B.  Ely; 
"Experiments  in  the  Illumination  of  a  Sunday  School  Room 
with  Gas,"  Edwin  F.  Kingsbury;  "Distinctive  Store  Lighting," 
C.  L.  Law  and  A.  L.  Powell;  "Factory  Lighting,"  M.  H.  FUx- 
ner  and  A.  O.  Dicker;  "Some  Commercial  Aspects  of  Gas 
Lighting,"  J.  E.  Philbrick;  "The  Lighting  of  Show  Windows," 
H.  B.  Wheeler;  "The  Illuminating  Engineering  Laboratory  of 
the  General  Electric  Company  at  Schenectady,"  S.  L.  E.  Rose; 
"The  Pentane  Lamp  as  a  Working  Standard,"  E.  C.  Crittenden 
and  A.  H.  Taylor;  "The  Photo-Electric  Cell  in  Photometry," 
Prof.  P.  K.  Richtmyer;  "Some  Studies  in  Accuracy  of  Pho- 
tometry," Evan  J.  Edwards  and  Ward  Harrison;  "Character- 
istics  of  Enclosing   Glassware,"    Van    Rensselaer   Lansingh. 

On  Wednesday  evening  a  banquet  was  held  at  the  Hotel 
Schenley.  G.  H.  Harries  acted  as  toastmaster,  and  among  the 
speakers  were  President  P.  S.  Millar,  President-elect  C.  O. 
Bond,  C.  M.  Bregg  and  J.  A.   Brashear. 

The  present  membership  of  the   society  is  1350. 


O.    W.    Watson    has    been    appointed    superintendent    of    the    I 
Leicester  plant  of  the  Worcester   (Mass.)    Electric  Light  Co 

E.  M.  Westhoven  has  been  appointed  superintendent  of 
the  Woodlake  station  of  the  Mount  Whitney  Power  &  Electric 
Co.,    of  Visalia,    Calif. 

Frank  J.  Corbett  has  opened  an  office  at  30  Church  St., 
New  York  City,  for  the  sale  of  condensers,  pumps,  cooling 
towers     and    other    appaiatus    used    in    the    power    field. 

S.  M.  Udale,  formerly  assistant  research  engineer  with  the 
Studebaker  Corporation,  is  now  in  charge  of  the  laboratory 
and  motor-testing  plant  of  Joseph  Tracy,  whose  New  York 
office  is  in  the  United  States  Rubber  Building,  1790  Broadway, 
New    York    City.  , 

Joseph  Harrington  has  resigned  his  position  as  chief  con- 
sulting engineer  for  the  Green  Engineering  Co.  and  engaged 
in  independent  practice.  He  will  specialize  in  boiler-plant 
work,  such  as  improving  plant  design,  equipment  and  opera- 
tion and  increasing  organization  efficiency.  Mr.  Harrington  ■ 
■w'.is  connected  with  the  Green  Engineering  Co.  for  12  yeai.'^ 

Thomas  R.  Armstrong,  of  Boston,  recently  appointe^l  -.^ 
number  of  the  Massachusetts  Board  of  Boiler  Rules  to  repi'  - 
sent  the  operating  engineers  of  the  state,  was  selected  and 
recommended  to  the  governor  by  the  New  England  Society 
of  Superintending  Engineers,  whose  members  are  the  chief 
engineers  of  the  large  plants  of  the  state.  The  society  also 
recommended  the  appointment  of  George  Luck,  the  new  chief 
inspector  of  the  boiler-inspection  department.  Air.  Armstrong 
is  an  engineer  of  large  practical  experience,  having  been  a 
commissioned  engineer  in  the  United  States  revenue  service, 
an  engineer  officer  in  the  United  States  Navy,  and  a  chief 
engineer  of  ocean-going  vessels  in  the  merchant  service. 
He  has  also  held  the  positions  of  chief  engineer  of  Boston 
public  institutions;  of  the  Sears  estate,  Boston;  of  the  Mason 
Machine  Works,  Taunton,  Mass.;  an  inspector  of  engineering 
materials  for  the  Japanese  government  at  the  Cramps  ship- 
yard, at  Philadelphia;  superintendent  of  construction  for  the 
C.  E.  Cotting  estate,  Boston.  Mr.  Armstrong  is  at  present 
chief  engineer  of  the  Boston  Safe  Deposit  &  Trust  Co.;  chief 
engineer-in-charge  of  the  U.  S.  S.  "Chicago,"  "Rodgers"  and 
the  "Macdonough,"  which  vessels  are  attached  to  the  Massa- 
chusetts N^val  Brigade.  He  holds  the  rank  of  lieutenant-com- 
mander. Much  credit  is  due  the  officers  and  members  of  the 
New  England  Society  of  Superintending  Engineers  in  sebet- 
ing  an  engineer  so  well  qualified  to  represent  the  engine- r& 
of  Massachusetts   on   the    Bo;-.rd    of   Boiler   Rules. 


SOCIETY     NOTES 


Pratt  Institute,  Brooklyn.  X.  Y..  has  opened  an  evening 
course  in  trade  teaching.  The  directors  believe  that  there 
is  a  strong  demand  for  men  with  trade  experience  as  teach- 
ers in  industrial  and  trade  schools.  Particulars  may  be  had 
by  addressing  Director  Samuel  S.   Edmands. 

At  a  regular  meeting  of  Minneapolis  Association  No.  2, 
Minneapolis,  of  the  National  Association  of  Stationary  Engi- 
neers on  Sept.  2S,  State  President-elect  H.  F.  Mueller  was 
installed  by  State  Deputy  T.  S.  F.  Hayes.  The  recently  re- 
turned delegates  to  the  national  convention  at  Springfield. 
Mass.,  gave  interesting  reports  of  that  event,  and  President 
Morris,  on  behalf  of  the  delegates,  formally  presented  the 
association  with  the  silk  altar  flag  awarded  it  for  the  large 
increase  in  its  membc  rship  during  the   past  year. 


JOHN    F.    ENSIGN 

On  Sept.  25  John  F.  Ensign,  chief  of  the  division  of  loco- 
motive boiler  inspection  of  the  Interstate  Commerce  Commis- 
sion, died  in  Washington,  D.  C,  at  the  age  of  51  years.  His 
wife   and   daughter   accompanied    the    body    to   Denver,   Colo. 

Mr.  Ensign  was  the  first  man  to  flU  the  position  of  boiler 
inspector,  having  been  named  for  that  place  July  1,  1911.  by 
President  Taft,  the  day  the  law  went  into  effect.  Mr.  Ensign 
was  born    in  Marathon.  N.   Y. 


The  National  Tube  Co.'s  bulletin  No.  16  deals  with  tests 
applied  to  boiler  tubes.  The  manner  in  which  the  tubes  are 
tortured  is  shown  by  numerous  halftone  engravings,  and  a 
table  of  dimensions,  weight,  and  test  pressures  is  given.  The 
bulletin  is  worth  sending  for.  It  may  be  had  free  upon  appli- 
cation  to   the    Pittsburgh    oflice    of   the    company. 
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"The  Power  Man" 


By  Berton  Braley 


Beyond  the  "utmost  purple  rim" 
You're  certain  to  discover  him, 
All  khaki-clad  and  lean  and  brown 
And  eager  for  the  news  of  town, 
But  having  chiefly  on  his  mind 
The  keen  desire  to  seek  and  find 
A  head  of  water  that  will  do 
To  hitch  a  bunch  of  turbines  to. 


You  run  across  the  "power  man" 
In  Arkansaw  or  Martaban, 
Or  clad  in  true  explorer's  style 
And  seeking  sources  of  the  Nile; 
His  stubborn  aim,  his  constant  dream 
Is  hitching  up  some  roaring  stream 
And  getting  from  its  rush  and  roar 
Ten  thousand  horsepower — maybe  more, 
Where   nary   horsepower   was   before! 


He's  somewhat  lacking  in  romance 

A  waterfall  he  views  askance 

No  matter  how  or  where  it's  placed 

He  says — "There's  power  gone  to  waste 

One  hundred  thousand  h.p.  loose 

Which  should  be  put  to  some  good  use. 

Not  lost  in  spray  and  roar." 

A  torrent  tumbling  o'er  the  brim 

Is  wasted  energy  to  him, 

And  it  is  nothing  more. 


-?\ 


He  breaks  the  trail  through  palm  and  pine 
For  power  house  and  railroad  line, 
And  on  his  footsteps  cities  press 
And  sweep  away  the  wilderness, 
But  he  goes  on  and  on  and  on 
Toward  the  sunset  or  the  dawn 
With  mind  and  heart  and  soul  intent 
On  harnessing  a  continent, 
By  turning  every  stream  he  can 
To  power  for  the  use  of  man. 
One  single  thought  is  on  his  mind 
The  keen  desire  to  seek  and  find 
A  head  of  water  that  will  do 
To  hitch  a  bunch  of  turbines  to. 
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Lentz  Engines  in  Baltimore  Office  Buildine 


By  AVahhe.v  0.  Kogees 


SYNOPSIS — Power  plant  of  the  best  office  huUdiug  in 
Baltimore,  Md.  Three  Lentz  poppet-valve  engines  sup- 
ply power  for  the  building  -senice.  The  power  plant  also 
con-si'Sts  of  elevator  pumps,  vacuum-cleaning  apparatus, 
an  absorption  refrigerating  system,  also  pumps  for  hoi- 
and  cold-water  and  fire  service. 

The  new  fireproof  office  building  of  the  Maryland 
Casualty  Co.,  Baltimore,  Md.,  is  pronounced  the  best 
equipped  and  most  beautiful  building  in  the  city.  It  was 
decided  to  erect  a  new  office  building  about  a  year  prior 
to  the  great  Baltimore  fire  ui  1904,  and  work  was  begun 


Til. 


1.    IIoJiE  Office  Buii.dix^g  of  the  Marte.^nd 
Casualty  Co. 


immediately  after  the  fire,  with  the  result  that  the  build- 
ing shown  "in  Fig.  1  is  now  the  home  of  the  company. 
The  original  building  was  three  stories  high,  later  two 
stories  more  were  added  to  it  and  in  1911  the  addition 
shown  by  the  tower  was  constructed. 

The  building  is  located  in  the  heart  of  the  city  with  a 
frontage  of  100  ft.  on  Baltimore  St.  The  tower  is  41  ft. 
sqnareand  rises  to  an  observation  platform  230  ft.  above 


the  street  level.     The  height  of  the  highest  point,  the 
crow's  nest,  is  349  ft.    The  tower  is  18  stories  high. 

All  mechanical  equipment  is  in  the  basement  and  rep- 
resents the  latest  design  of  power-plant  apparatus.  Owing 
to  the  restricted  ground  area  considerable  forethought 
was  necessary  in  order  to  install  the  power  plant  and 
mechanical  equipment  required,  and  at  the  same  time 
keep  down  the  first  cost  and  subsequent  maintenance 
costs. 

EXGINE  EooM 

In  the  engine  room,  Fig.  2,  are  three  poppet,  four- 
valve  engines  having  12x18-,  13x18-  and  16x21-in.  cylin- 
ders respectively.  These  engines  are  directly  connected  to 
50,-  75-  and  125-kw.,  125-250-volt,  compound-wound,  in- 
terpole  direct-current  generators. 

A  comprehensive  idea  of  the  finish  of  the  plant  is  ob- 
tained from  Fig.  2.  The  engines  are  p)laced  on  white 
glazed  brick.  The  floor  is  of  tile.  The  walls  and  ceiling 
are  painted  white  with  a  dark-green  wainscoting.  All 
paint  work  is  varnished,  which  facilitates  greatly  in  keep- 
ing the  room  clean  as  this  finish  permits  of  washing.  All 
machinery  is  painted  a  maroon  color  and  tastily  striped. 

So  quietly  do  the  engines  run  that  one  is  reminded  of 
the  sound  of  a  new  sewing  machine.  The  three  sizes  of 
nnits  give  a  flexible  power  plant  and  permit  of  operat- 
ing the  engines  at  their  most  economical  loads.  At  the 
time  of  this  writing  one  unit  is  sufficient  to  carry  the 
load  of  the  entire  building.  As  the  load  increases  with 
shorter  days  an  additional  unit  can  be  started  up  to  take 
care  of  it,  the  size  of  units  being  operated  depending 
upon  the  load. 

BoiLEIi  KooM 

Steam  is  sujjplied  to  the  engines,  pumps,  etc.,  from  i 
three  150-lip.  water-tube  boilers.  Fig.  3,  fitted  with  super- 
heaters designed  for  a  pressure  of  ISO  lb.  of  steam.  The 
working  pressure  is  140  lb.  The  superheaters  are  damper 
regulated  and  deliver  steam  at  a  temperature  of  100  dcg. 
superheat.  The  boilers  depart  slightly  from  the  standard 
design,  as  it  was  necessary  to  place  them  in  a  certain 
available  space,  somewhat  restricted  in  width.  Each 
I'oiler  contains  1480  sq.ft.  of  heating  surface.  The  fur- 
naces are  fiusli  front  and  fitted  with  mechanical  stokers. 
The  size  of  these  furnaces  is  414x6  ft.,  but  when  installed 
they  were  so  arranged  that  the  actual  grate  area  is  41/0x5 
ft.,  thus  making  a  grate  area  commonly  used  with  a  125- 
hp.  boiler.  These  furnaces  are  guaranteed  to  burn  suffi- 
cient fuel  to  develop  at  least  35  per  cent,  more  than  the 
boiler  rating.  The  stokers  are  operated  by  a  stoker  en- 
gine, which  is  hand  regulated. 

Each  boiler  has  83  tubes  31/2-in.  by  18-ft.  long  and 
one  drum  36  in.  in  diameter.  Thei-e  is  a  soot-blower  sys- 
tem attached  to  each  boiler  which  is  included  a.s  part  of 
the  boiler  equipment.  The  furnace  draft  is  regulated 
by  a  damper  in  the  smoke  flue  and  is  controlled  by  a 
damper  regulator.  The  steam  gages  are  of  the  illumin- 
ated type,  using  red  incandescent  lamps,  which  makes 
an  easy  color  by  which  to  read  the  steam  pressures  indi- 
cated. Drop  lights  properly  shielded  illuminate  the  water 
glasses. 
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A  receiver  for  the  returns  is  located  in  the  boiler  room, 
also  the  feed-water  heaters,  two  6  and  4  by  6-in.  boiler - 
feed  pumps,  coal-weighing  outfit  and  hydraulic  ash  lifl. 
Coal  is  delivered  from  the  street  surface  to  a  coal  hopper, 
arranged  under  the  inlet  opening  in  the  street.  It  is 
then  weighed  and  dumped  into  a  coal  bin  below  through 
sliding  gates  in  the  bottom  of  the  hopper.  These  gates 
are  operated  by  a  lever  from  the  boiler  room.  The  floor 
and  walls  of  the  boiler  room  arc  of  concrete.  The  walls 
are  painted  pea  green  with  a  niarinc-green  wainscoting. 


to  both  mains.  All  piping  is  suspended  from  the  sidewall 
upon  "brackets,  as  shown  in  Pig.  2,  and  is  protected  by 
suitable  pipe  covering. 

At  the  center  of  the  engine  room,  which  is  Hi  ft.  long 
and  30  ft.  wide,  are  two  8  and  10  by  12-in.  vacuum 
pumps,  used  in  connection  with  the  heating  system. 

For  fire  protection  there  is  an  Underwriters  Standard 
du]ilex  fire  pump,  size  16  and  9  by  12  in.,  with  a  capacity 
of  750  gal.  per  min.  at  70  r.p.ni.  It  is  connected  to  a  5- 
in.  hose  standpipe  which  extends  to  the  eighteenth  story. 


Fig.  2.   Three  Lextz  Poppet- Valve  Engines 


The  fireman  is  furnished  with  a  toilet  in  one  corner  of 
the  boiler  room. 

Each  boiler  steam  drum  is  fitted  with  a  blow-down  pipe 
as  is  also  the  mud  drum,  both  being  fitted  with  a  blowoft" 
valve.  These  two  pipes  are  connected  to  a  main  blowoff 
pipe,  which  is  fitted  with  a  tliird  blowofE  pipe. 

Steam  Mains 

There  are  two  steam  maius  from  the  boilers  to  the  en- 
gines and  auxiliary  units.  One  is  4  in.  in  diameter  and 
under  ordinary  conditions  supplies  steam  to  the  75-hp. 
engine,  pumps,  etc. ;  the  other  is  an  8-in.  main  and  sup- 
plies the  other  two  engines.  Bypass  connections,  how- 
ever, make  it  possible  to  cut  out  either  line  and  still  op- 
erate the  engines  and  pumps.     The  small  unit  is  piped 


From  this  standpipe  there  is  a  2l/^-in.  fire  hose  connec- 
tion on  each  floor.  The  two  5i/4x3^x5-in.  cold-water 
house  pumps  are  also  connected  to  the  standpipe  and  can 
be  used  on  the  fire  system  if  occasion  arises. 

A  view  of  the  elevator  pumps  and  a  portion  of  the 
refrigerating  system  is  shown  in  Fig.  4.  Elevator  service 
is  provided  for  tlie  building  by  five  hydraulic  plunger 
passenger  elevators,  one  of  which  is  a  combination  jjas- 
senger  and  freight  car,  two  of  the  elevators  run  to  the 
fifth  floor  only,  which  is  the  height  of  the  main  build- 
ing. The  other  three  elevators  provide  express  service 
for  the  tower  floors.  They  have  the  longest  run  of  any 
plunger  elevators  in  Baltimore. 

Tlie  pumping  plant  for  the  elevator  service  consists 
of  two  12,  18  and  11  by  18-in.  compound,  pistou-valve. 
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duplex,  outside  end-packed  plunger  pumps,  one  of  which 
is  u.sed  for  regular  service  and  the  other  for  relay.  There 
is  also  a  small  514  and  31/^  by  5-in.  piston-valve,  duplex, 
outside-end-packed  plunger  pump  for  lifting  safes  and 
other  heavy  loads.  The  91/^  and  8  by  10-in.  air  pump  is 
of  the  water-jacketed  type.  The  pressure  and  discharge 
tanks  are  constructed  of  %-in.  steel  designed  for  175  11). 
pressure  per  sq.in.     Each  is  of  7500  gal.  capacity,  the 
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Fig.  3.   Firixg  Floor  in  Boiler  Room 

pressure  tank  carries  a  pressure  of  150  lb.    The  seams  are 
of  the  quadruple-riveted,  double-strap,  butt-joint  type. 

A  10-ton  absorption  refrigeration  system  furnishes  iced 
drinking  water  throughout  the  building  and  also  cools 
the  refrigerating  chest  in  the  kitchen  on  the  seventeenth 
floor.  A  complete  system  for  vacuum  cleaning  has  also 
been  installed,   with   all   the   outlets,  brushes   and   other 


Fig.  4.    Elevator  Pumps  and  Partial  View  of  Re- 
frigerator System 

paraphernalia  necessary  for  an  eflSeient  system.  A  15- 
hp.,  230-volt  motor  running  at  3400  r.p.m.  is  directly 
connected  to  a  turbine  vacuum  cleaner. 

Switchboard 

The  main  switchboard,  24  ft.  long  and  6  ft.  8  in. 
high,  is  made  in  nine  panels  of  blue  Vermont  marble. 
There  is  the  usual  power  panel  for  each  generator  and 
one  main  distributing  panel.  The  other  panels  are  for 
controlling  the  various  circuits  throughout  the  building. 
In  addition  to  the  usual  instruments  there  are  three  watt- 
meters and  one  special   graphite  wattmeter. 

Attached  to  the  switchboard  is  a  pilot  clock  which 
operates  in  conjunction  with  the  tower  clock  and  shows 
whether  the  latter  is  running  ahead  or  behind,  thus  per- 
mitting of  regulating  the  clock  without  leaving  the  en- 
gine room. 

The  building  is  heated  by  a  modern  vacuum-return 
system,  exhaust  steam  being  used  during  ordinary  cold 
weather,  but  with  severe  cold  it  is  necessary  to  help  out 
with  live  steam,  as  the  low  steam  consumption  of  the 
engines  does  not  supply  enough  exhaust  steam  to  heat 
the  building.  All  water  used  in  the  building  for  drink- 
ing, washing  boilers  and  for  other  purposes  is  passed 
through  a  battery  of  water  filters. 

The  design  and  installation  of  this  plant  was  under 
the  supervision  of  J.  W.  Rausch,  manager  of  the  boiler,, 
flywheel  and  inspection  departments  of  the  company,  to,; 
whom  the  author  is  indebted  for  photograplis  and  data. 


Equipment 
Engine 

Engine.  . 
Cienerator. .  .  . 
Generator . . 
Generator. . .  . 
Boilers... 
Stokers 


PRINCIPAL  EQUIPMENT  OF  THE  MARYLAND  CASU.^LTY  CO.'S  NEW  POWER  PLANT 

Kind  Size 

.    Lentz 12x18' 


Lentz 13x18" 

Lentz 16x21" 

Direct  current 50  kw 

Direct  current 75  kw 

Direct  current 125  kw 

Water  tube 150  hp.  1480  sq.ft.  h.s. 

Murphy 4 Jx5  ft 

Bayer 

Spencer 

Hopper 

Duplex 6x4x6" 

Duplex 16x9x12" 

Duplex..  ,  ...    8x10x2" 

~      ■  "■  ;3§x5" 


Regulator , 
Scale.... 
Pumps.  . 
Pumps. .  . 

Pump 

Pumps Dupli 

Elevators Plunge 

Pumps Duplex 12x18x11x18 

Pump Duplex 9x5x10".  .  .  . 

Pump Water  jacketed 9§x8xl0".  .  . 

Refrigeration  system Absorption 10  ton 

Motor Direct  current 15  hp 

Cleaner Turbine... 

Switchboard Marble ... 

Filter  system Battery 


Operating  Conditions  Manufacturer 

Main  unit,  75  hp.,  200  r.p.m.,  140  lb.  steam. .  Erie  City  Iron  Works 

Main  unit,  115  hp.,  225  r.p.m.,  140  lb.  steam.  Erie  City  Iron  Works 

Main  unit,  190  hp.,  200  r.p.m.,  1401b.  steam.  .  Erie  City  Iron  Works 

Main  unit,  125-250  volt,  200  r.p.m Westinghouse  Elec.  &  Mfg.  Co. 

Main  unit,  125-250  volt,  225  r.p.m Westinghouse  Elec.  &  Mfg.  Co. 

Main  unit,  125-250  volt,  200  r.p.m Westinghouse  Elec.  &  Mfg.  Co. 

Main  units,  140  lb.  steam  superheat  100  deg. .  .  Heine  Safety  Boiler  Co. 

Boiler  furnaces;  flush  fronts Murphy  Iron  Works 

Blowing  boiler  tubes Bayer  Soot  Blower  Co. 

Damper  control .  Spencer  Regulator  Co. 

Weighing  coal Fairbanks  Co. 

Boiler  feed Epping-Carpenter  Co. 

Heating  system.  ,  . 

Fire  system .  Buffalo  Steam  Pump  Co. 

Cold  water  iiouse  ser\-i :  ■ .  .  Epping-Carpenter  Co. 

Passenger  and  freight Standard  Plunger  Elevator  Co. 

Elevator  servnce .  Epping-Carpenter  Co. 

Elevator  ser\'ice Epping-Carpenter  Co. 

Elevator  system Westinghouse  Air  Brake  Co. 

House  and  kitchen Carbondale  Machine  Co. 

Vacuum  cleaner  motor,  230  volts,  3400  r.p.m.  Westinghouse  Elec.  &  Mfr  Co. 

House  vacuum  cleaner Spencer  Turbine  Cleaner  Co. 

Nine  panel Westinghouse  Elec.  &  Mfg.  Co. 

House  water  filter Loomis-Manning   Filter  Co. 


O.ober  21,  1913 


P  0  W  E  R 


559 


Barometric  Condenser  Piping 


By  B.  S.  Nelson 


VlyPSIS — Directions  are  given  for  properhj  piping 
bcpmetric  condenser  for  reciprocating  engines.  There 
oik  be  two  strainer's  in  parallel  on  the  injection  pipe. 

Tp  barometric  condenser  in  which  the  vacuum  is  pro- 
icj  and  maintained  bj'  the  fall  of  a  column  of  water 
tfi  tail  pipe  is  so  simple  and  satisfactory  when  prop- 
Ijlnstalled  and  operated,  that  for  cases  where  a  very 
gl  vacuum  is  not  essential  it  seems  strange  that  it  is 
)tpore  universally  used. 

I  irrigation  plants  the  conditions  are  particularly 
viable  for  a  barometric  condenser,  as  the  load  is  uni- 
T'*  for  long  periods,  varying  only  with  the  stage  of  the 
it/;i  or  intake  from  which  the  pumps  take  water.  The 
af.  units  are  usually  driven  by  cross-compound  en- 
n;  where  a  vacuum  of  27  or  281/^  in.  is  as  high  as  is 
H-sary  for  good  economy,  especially  since  the  injec- 

0  water  is  usually  warm,  around  80  deg.  F.,  for  all 

1  ping  is  done  in  the  summer  mouths.  Then,  again, 
ii  lifts  which  are  usually  in  the  neighborhood  of  20  to 
Jit.,  it  is  possible  to  get  sufficient  siphon  action  from 
Kidischarge  tlume  to  provide  injection  water  without 
iSise  of  a  small  pump ;  in  other  words,  the  main  pump, 
i|i  its  high  economy,  pumps  the  cooling  water  instead 
'L  small  wasteful  auxiliary.  Fig.  1  shows  a  typical 
I'imetric-condenser  installation  in  an  irrigation  plant. 

f;  is  well  known  that  without  proper  precautions  in 
signing  the  piping  the  condenser  becomes  a  source  of 
fer,  due  to  possibility  of  flooding  the  engine  cylinder 
Ilk  starting  up  or  running  on  very  light  loads.     The 


Fk     1.   Elevation,  Bahometeic  Condenser 
Installation 

it'^r'f.  experience  has  proved  that  the  piping  arrangc- 
nt  shown  in  Fig.  2  is  excellent  in  practice  where  a 
rojector  is  used.  The  size  of  the  main  pipes  and  the 
gilt  of  the  cone  above  the  overflow  are  not  shown  in 
I  drawing.  It  is  good  practice  to  run  the  tail  pipe  di- 
tly  into  the  intake  instead  of  using  a  hotwell  with  ovcr- 

iV. 

[t  is  advisable  to  so  place  the  condenser  that  the  bot- 
Q  flange  of  the  cone  is  3-1  ft.  above  the  high-water  line 


in  the  intake,  or  if  a  hotwell  is  used,  above  the  overflow 
which  allows  the  height  of  the  condenser  as  keway,  to 
prevent  possible  flooding.  Theoretically,  34  ft.  from  in- 
jection to  overflow  is  enough,  but  the  water  in  the  tail 
pipe  contains  air ;  therefore  it  is  lighter  than  solid  water. 
It  is  best  to  use  the  sizes  of  injection  and  tail  pipes 
recommended  by  builders  for  each  particular  eondition, 
and  they  should  never  be  smaller  than  companion  flangea 


'"?^  Re  lief  Valve 


WaferSeal 


Never  operate  condenser 
without  weight  on  relief 
valve  lever 


T)  Exhaust 
jfrom  Engine 


Never  use        'Drain  with  Skving 
Fittings  in  Check 

Tail  Pipe 


Fig.  2.    Details  of  Barometric  Condenser  Piping. 


lall  for,  provided  the  condenser  used  is  not  too  big  for 
its  work.  Then  reduction  should  be  made  with  tapered 
reducers,  not  with  bushings.  The  injection  pipe  should 
be  provided  with  a  strainer  of  ample  size,  preferably  two 
in  parallel,  and  also  a  valve  to  control  the  water-supply. 
Referring  to  Fig.  2,  the  exhaust  pipe  should  have  a 
slight  fall  toward  the  riser  and  at  the  lowest  point  of 
the  ell  at  the  riser,  which  should  be  a  base  ell ;  an  auto- 
matic drain,  consisting  of  a  l^i-in.  check  valve  opening 
out,  should  be  installed  without  a  valve  between  it  and 
the  air.  At  the  top  of  the  exhaust  riser  is  a  reducing 
tee,  on  the  small  end  of  which  is  connected  an  automatic 
relief  valve.  This  can  be  one  or  two  pijie  sizes  smaller 
tlian  the  main  exhaust,  due  to  tlie  smaller  volume  of 
steara  at  atmospheric  pressure;  that  is,  a  1  I -in.  exiuuist 
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would  take  a  12-iii.  relief,  a  10-in.  exhaust  an  8-in.  re- 
lief, etc.;  and  should  always  be  of  the  closed  type,  so  it 
can  be  water-sealed  by  a  V^-in.  pipe  as  shown. 

The  relief  valve  should  have  a  wire  cable  to  the  floor 
for  opening  by  hand;  this  cable  should  be  weighed  with 
a  ball  equal  to  5-in.  vacuum  to  prevent  chattering  on  the 
seat  which  will  quickly  ruin  the  valve. 

For  example,  a  10-in.  valve  should  have  a  pressure  on 
the  disk  roughly  equal  to  190  lb.,  which  would  probably 
mean  a  smaller  weight,  as  the  disk  is  held  by  a  longer 
lever  arm  to  which  the  cable  is  attached.  On  the  tee  out- 
let there  should  be  a  gate  valve,  then  the  condenser  el- 
bow. It  has  been  found  most  satisfactory  to  point  the 
stem  of  the  valve  down  and  use  an  extension  stem  to  op- 
erate it  from  the  floor.  Many  installations  omit  this 
valve,  which  is  so  essential  both  for  starting  up  properly 
and  for  repairing  the  condenser  while  the  engine  is  run- 
ning. 

The  illustration  shows  a  small  ejector  for  priming  the 
condenser,  which  is  used  in  cases  where  the  condenser 
siphons  its  water  to  start  it  flowing.  Where  a  pump  is 
used  to  supply  water  this  is  not  necessary. 


In  starting  the  unit,  the  engine  is  first  started  with 
the  gate  valve  to  the  condenser  shut,  and  is  so  brought 
up  to  speed.  In  the  meanwhile,  the  condenser  is  being 
primed  by  the  ejector,  or  the  supply  pumps  started,  and 
when  the  water  starts  to  flow,  the  gate  valve  to  the  ex- 
haust is  slowly  opened.  Then  the  valve  in  the  injection 
line  is  manipulated  until  the  best  vacuum  is  attained, 
which  is  usually  with  the  valve  partly  closed. 

In  conclusion,  it  is  well  to  mention  that,  a  good  strainer 
should  be  used.  The  main  trouble  with  barometric  con- 
densers is  due  to  air  leaks  at  the  flanges,  relief  valve,  or 
low-pressure  stuffing-boxes.  It  is  well  to  test  these  joints 
with  a  candle  occasionally. 

For  supporting  small  condensers  up  to  about  10  in.  or 
12  in.,  it  has  been  found  satisfactory  to  use  a  base  ell  on 
the  exhaust  and  injection  risers,  and  let  the  condenser 
rest  on  them,  the  whole  outfit  being  braced  to  the  build- 
ing wall  by  A-braces.  For  larger  condensers,  there  must 
be  either  a  tripod  for  the  base  flange  of  the  tail  pipe  or  a 
special  fitting  with  lugs  may  be  fastened  to  the  tail  pipe. 
In  no  case  should  a  base  ell,  or  any  other  sort,  be  used  in 
the  tail  pipe.    Ii  the  pipe  must  have  angles  use  bends. 


Boiler  Attachments — II. 


By  J.  E.  Terman 


SYNOPSIS — The  proper  location  and  pipe  connection 
of  tlic  steam-gage  are  discussed,  also  the  correct  and  in- 
correct connection  of.  the  blotvojf  pipe  and  valves.  The 
application  of  the  surface  blowojf  is  also  set  forth. 


The  only  boiler  attachment  that  can  be  safely  con- 
nected to  the  pipe  connecting  the  water  column  to  the 
steam  space  of  the  boiler  is  the  steam-gage,  since  there 
is  no  flow  of  steam  required  for  its  operation.  No  valve 
should  be  allowed  between  the  steam  gage  and  the  boiler 
it  is  to  serve,  except  the  small  cock  used  immediately 
below  the  gage.  The  handles  on  these  cocks  always  show 
at  a  glance,  whether  they  are  opened  or  closed.  The  fore- 
going requirements  do  not  apply  to  steam-gages  used 
on  the  steam  main,  or  in  the  engine  room,  but  only  to 
the  individual  gages  on  each  boiler.  Every  boiler  should 
be  equipped  with  an  individual  steam-gage,  except  in 
case  of  two  or  more  boilers  connected  by  steam  and  mud 
drums,  so  that  they  are  necessarily  always  operated 
together  as  a  single  unit.  In  this  case,  a  single  steam- 
gage  connected  to  one  boiler  of  the  battery  is  sufficient. 

The  modern  steam-gage  is  dependent  on  the  action 
under  pressure  of  a  Bourdon  spring  to  produce  registra- 
tions. This  spring  consists  of  a  flattened  tube  bent  in 
the  form  of  a  coil,  which  tends  to  straighten  when  sub- 
jected to  internal  pressure.  The  Bourdon  spring  is 
affected  by  temperature  as  well  as  pressure,  so  it  is  neces- 
sary to  protect  a  gage  from  any  serious  changes  of  tem- 
perature, if  its  registrations  are  to  be  correct. 

To  prevent  the  steam  gaining  access  to  the  spring,  the 
gage  must  be  arranged  so  that  a  water  pocket  will  be 
formed  in  the  piping  connecting  it  to  the  boiler.  "\¥here 
small,  light  gages  are  used,  which  are  supported  entirely 
by  the  connecting  pipe,  it  is  usual  to  provide  this  pocket 
by  turning  a  goose  neck  in  the  pipe,  as  shown  in  Fig.  7. 


Where  the  gage  is  heavy  and  is  fastened  to  some  por- 
tion of  the  boiler  front  or  setting,  or  to  the  building,  the 
piping  is  usually  arranged  to  drop  down  toward  the  gage 
from  some  higher  point,  and  thus  form  a  trap  for  col- 
lecting sufficient  condensation  to  protect  the  gage  spring. 
External  heat  will  affect  the  spring  the  same  as  if  ap- 
plied internally,  therefore  the  gage  should  not  be  fas- 
tened directly  to  any  surface  that  is  likely  to  become 
unreasonably  hot,  such  as  the  breeching  or  the  portion 
of  the  front  above  the  tube  doors.  Where  it  seems  ad- 
visable to  fasten  a  steam-gage  to  such  parts,  it  should 
be  thoroughly  insulated  with  sheet  asbestos  or  similar 
material,  and  in  addition  an  air  space  of  an  inch  or  two 
should  be  left  between  the  gage-case  and  the  surface  to 
which  it  is  attached,  to  permit  the  free  circulation  of 
air. 

Most  gages  have  the  oi)erating  mechanism  so  attached 
to  the  case  that  a  strain  tending  to  warp  the  case  will 
affect  the  accuracy  of  the  indications.  Therefore,  the 
surface  on  which  the  gage  is  fastened  should  be  flat,  or 
conform  to  the  surface  of  the  back  of  the  gage-case ;  it 
is  also  well  not  to  tighten  up  too  much  on  the  screws 
or  bolts  used  to  hold  the  gage  in  place. 

On  account  of  the  steam-gage  being  usually  attached 
to  the  steam  space  (by  law  in  Massachusetts),  there  is- 
no  tendency  for  scale  produced  by  impurities  in  the  feed 
water  to  form  in  these  connections ;  but  rust  scale  often 
forms  in  them,  and  due  to  their  small  size,  they  readily 
become  stopped  up.  A  number  of  very  serious  explosions 
have  been  caused  by  the  stoppage  of  the  connection  to 
the  steam-gage,  and  it  is  the  safest  to  have  all  small 
piping  used  to  connect  the  gage  to  the  boiler  or  to  the 
water-column  piping,  of  brass;  and  if  these  connections 
are  of  any  considerable  length,  their  size  should  be  in- 
creased to  %  or  1/^  in.,  instead  of  the  Vi-i^-  size  generally 
employed. 
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Siiue  tlie  lofatiou  of  a  steam-gage  is  not  very  definitely 
fixed  by  its  connection  to  the  boiler,  a  location  should 
be  chosen  that  will  make  its  indications  easily  seen  from 
any  part  of  the  firing  floor,  and  such  that  there  is  no 
likelihood  of  a  mistake  being  made  as  to  which  boiler 
the  gage  is  attached.  A  steam-gage  should  be  tested 
periodically  to  determine  its  accuracy,  and  no  power 
plant,  no  matter  how  small,  should  depend  entirely  on 
the   indications   of   a   single   gage. 

Blowoff  Pipe  and  Connections 
The  biowoff  connection  is  an  important  attachment.    A 


Fig.  7.  Steaji  Gage    Fig.  8.  Pkopeh  Fig.  9.  Improper 
Connection  Blowoff  Connections 

general  idea  is  that  the  chief  function  of  the  blowoff 
connection  is  to  remove  scale  and  deposit  from  the  boiler. 
A  little  reasoning  will  show  the  fallacy  of  presuming 
that  this  attachment  can  possibly  accomplish  such  a  pur- 
pose eifectively. 

If  the  reader  has  ever  watched  an  open  tank  empty 
through  a  bottom  connection,  he  will  have  noted  that 
only  the  mud  and  dirt  on  the  bottom  immediately  over 
the  o]x>ning  are  removed  at  first,  and  that  the  main  part 


boiler  for  washing  out  or  scaling,  or  for  repair.  The 
blowott'  for  a  horizontal-tubular  boiler  should  always  be 
located  in  the  bottom  of  the  shell,  about  a  foot  in  front 
of  the  rear  head  seam,  as  illustrated  in  Fig.  8.  This 
location  is  preferred  to  any  other,  because  it  permits  the 
complete  drainage  of  the  shell,  and  also  that  the  blowof 
pipe  is  more  easily  protected  from  the  furnace  heat  at 
this  point.  It  is  not  infrequent  that  a  blowoff  pipe  is 
connected  to  the  rear  head  as  illustrated  in  Fig.  9,  but 
this  is  poor  practice.  This  connection  does  not  permit 
the  complete  draining  of  the  boiler,  and  this  alone  is 
sufficient  to  absolutely  condemn  it. 

The  blowoff  pipe  is  often  arranged  as  illustrated  in 
Fig.  10,  but  this  is  not  usually  a  satisfactory  arrange- 
ment. If  an  elbow  is  used,  as  shown,  it  is  difficult  to 
protect  it  from  the  heat,  and  a  fitting  is  more  liable  to 
suffer  from  overheating  in  such  a  location  than  the  pipe. 
This  objection  is  partially  overcome  by  using  a  piece  of 
bent  pipe  in  place  of  the  elbow,  but  this  requires  that 
a  pipe  coupling  be  j-laced  inside  the  setting  wall,  for, 
since  the  blowoff  is  fitted  up  after  the  boiler  has  been 
set,  the  bent  pipe  must  be  short  enough  to  turn  inside 
the  setting,  so  as  to  permit  its  being  screwed  into  the 
flange  on  the  boiler  shell.  A  horizontal  section  of  blow- 
off  pipe  in  the  fire  is  more  difficult  to  protect  from  the 
heat  than  a  vertical  section  similarly  located,  and  there 
is  also  the  added  difficulty  that  deposit  is  more  liable 
to  lodge  in  the  heated  portion  of  the  pipe  in  this  posi- 
tion, and  make  its  protection  from  the  heat  more  im- 
portant. 

The  best  arrangement  for  the  blowoff  pipe  is  illustrated 
in  Fig.  8,  where  it  is  run  directly  from  the  shell  to  a 
point  below  the  paving  of  the  rear  combustion  chamber, 
and  the  horizontal  portion  run  through  a  brick  trough, 
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10.   Common  Blowoff 
Connection 


Fig.  11.   A  PiiACTicAL 
Blowoff  Pipe 


Fig.   12. 


MiNKKAL  Wool  Packing 
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of  the  discharged  water  is  drawn  from  above  the  bottom, 
rather  than  from  along  the  bottom.  It  is  the  same  in 
blowing  off  a  boiler;  opening  the  blowoff  for  a  short 
interval  only  removes  the  mud  and  scale  immediately 
adjacent  to  the  blowoff  connection,  or  suspended  in  the 
water  above  it. 

The  principal  function  of  the  blowoff'  connection  is  to 
remove  water  from  the  boiler  that  has  become  concen- 
trated or  heavily  charged  with  the  various  salts  contained 
in  the  feed  water,  and  thus  permit  the  dilution  of  the 
water  remaining  in  the  boiler  by  the  addition  of  fresh 
water  from  the  feed  supply.  It  is  in  this  way  that  scale 
is  prevented  from  forming  in  the  boiler,  by  frequent  use 
of  the  blowoff  connection,  and  not  by  the  actual  removal 
of  scale  that  has  been  formed.  The  blowoff  connection 
is  also  necessary  to  permit  the  complete  draining  of  the 


the  top  of  this  trough  being  formed  of  loose  bricks  that 
may  be  readily  removed  for  inspecting  the  condition  of 
the  pipe.  The  vertical  portion  of  such  a  blowoff  pipe 
should  be  protected  from  the  direct  impingement  of  the 
flame  from  tlie  furnace,  by  a  V-shaped  pier  of  firebrick, 
placed  immediately  in  front  of  the  pipe.  This  arrange- 
ment is  best,  because  it  does  not  in  any  way  interfere 
with  the  thorough  examination  of  the  pipe,  and  also 
affords  ami)]e  protection  from  the  heat.  A  protection 
that  is  very  effective,  but  which  does  not  permit  a  ready 
examination  of  the  pipe,  is  obtained  by  slipping  a  piece 
of  larger-sized  pipe  over  the  vertical  section  of  the  blow- 
off,  as  illustrated  in  Fig.  11.  To  render  this  form  of  pro- 
tection fairly  durable,  it  should  be  arranged  so  that  a 
small  quantity  of  air  will  be  admitted  to  the  bottom  end 
and  flow  upward  between  the  two  pipes. 
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Blow-ofI  pipes  are  often  protected  by  winding  asbestos 
ipe  around  them;  which  is  fairly  satisfactory,  but  it  is 
ird  to  keep  in  place,  especially  if  the  protected  portion 
'.  the  pipe  is  located  so  that  it  is  liable  to  be  struck  with 
le  cleaning  tools.  Asbestos  rope  is  possibly  the  best, 
i  well  as  the  most  easily  applied  form  of  protection 
ir  use  on  connections  such  as  shown  in  Figs.  9  and  10. 

Where  practical,  the  horizontal  section  of  the  blowoff 
pe  should  be  a  sufficient  distance  above  the  floor  level, 
I  permit  a  suitable  arrangement  of  the  blowoff  main 
id  valves  outside  the  setting  walls.  This  requires,  if  the 
•rangement  is  to  be  as  shown  in  Fig.  8,  that  the  pave- 
ent  in  the  combustion  chamber  be  considerably  above 
le  boiler-room  floor  level.  This  arrangement  also  con- 
ibutes  toward  making  it  easy  to  remove  the  ashes  from 
lis  portion  of  the  setting,  if  ample  room  is  available 
ihind  the  boiler  setting.  All  pipe  and  fittings  to  the 
owoff  connection  should  be  extra  heavy,  regardless  of 
le  pressure  carried,  for  this  portion  of  the  boiler  equip- 
lent  is  liable  to  deteriorate  very  rapidly  from  various 
luses  and  the  strains  that  may  be  brought  upon  it  due 
)  operation  of  the  blowoff  valve  or  cock,  are  out  of  all 
roportion  to  the  steam  pressure  carried. 

It  is  an  important  matter  to  provide  ample  room 
round  a  blowoff  connection,  to  prevent  strains  that  may 
3  produced  by  the  pipe  coming  in  contact  with  the  set- 
ng  walls,  due  to  the  expansion  of  the  boiler  or  pipe. 

0  prevent  leakage  of  air  where  the  pipe  passes  through 
le  setting  wall,  the  space  left  for  expansion  may  be 
ghtly  packed  with  mineral  wool  or  some  other  heat- 
!sisting  material,  as  shown  in  Fig.  12,  that  will  offer 
aly  slight  resistance  to  the  free  movement  of  the  pipe, 
n  the  horizontal-tubular  type  of  boiler,  the  blowoff  pipe 

usually  subjected  to  maximum  movement  at  the  point 
here  it  passes  through  the  rear  setting  wall,  due  to  the 
cpansion  of  the  boiler,  as  well  as  the  expansion  of  the 
ortion  of  the  pipe  contained  in  the  setting,  and  it  is  also 
able  to  considerable  movement  at  this  point,  due  to  the 
cpansion  of  the  piping  outside  the  setting,  when  in  the 
;t  of  blowing  down  a  boiler.  The  arrangement  of  the 
owoff  piping  outside  the  boiler  setting  where  the  pipes 
•om  a  number  of  boilers  are  connected  to  a  single  blow- 

1  main,  is  important,  on  account  of  the  possibility  of 
rains  due  to  expansion. 

The  importance  of  this  may  be  better  appreciated  when 
is  considered  that  a  change  in  temperature  of  150  deg., 
.,  in  the  piping,  when  blowing  off  boilers,  is  not 
Qusual.  This  change  in  temperature  on  100  ft.  of  pipe 
ould  mean  a  change  in  length  of  about  one  and  one- 
ghtli  inches.  The  length  of  pipe  just  considered  would 
;  about  the  amount  required  at  the  rear  of  a  battery; 
'  ten  72-in.  diameter  boilers.  If  a  main  of  this  de- 
ription  were  held  rigidly  at  one  end,  the  branch  con- 
;ctions  to  the  boilers  at  the  other  end  would  have  to 
!  flexible  enough  to  care  for  this  amount  of  movement 
ithout  unduly  straining  the  fittings,  or  causing  the  pipe 
1  come  in  contact  with  the  setting  walls.  It  is  usually 
!st  to  have  the  blowoff  main  rest  on  the  floor  of  the 
)iler  room,  if  it  is  of  concrete,  and  not  fastened  rigidly 
:  any  point  but  allowed  to  move  freely.  If  on  account 
■  vibration,  or  to  care  for  the  thrust  of  some  portion  of 
le  pipe  that  is  extended  beyond  the  boiler  setting,  it  is 
lought  advisable  to  anchor  it,  such  anchorage  is  best 
iplied  near  the  center  of  the  battery  of  boilers.     This 


divides  the  movement  due  to  expansion  in  half  and 
materially  lessens  the  strains  that  may  be  brought  on 
the  fittings. 

Bi.owoFF  Fittings 

So  much  trouble  has  been  experienced  with  the  use 
of  blowoff  valves  and  cocks,  that  nearly  every  one  con- 
nected with  the  operation  of  steam  boilers  and  who  has 
an  inventive  turn  of  mind,  has  tried  a  hand  at  solving 
the  problem.  The  number  of  different  kinds  of  valves 
and  cocks  used  for  the  purpose  is  legion.  A  claim  to 
some  special  virtue  is  usually  made  for  each  type  of 
valve  or  cock;  either  some  feature  regarding  its  action 
in  use  or  a  peculiar  form  of  construction  that  is  sup- 
posed to  render  it  immune  to  the  usual  forms  ©f  trouble 
experienced  with  this  kind  of  apparatus. 

The  best  arrangement  for  controlling  a  blowoff  connec- 
tion is  to  equip  it  with  double  valves  or  a  valve  and  a 
cock  of  reliable  make,  using  one  to  perform  the  actual 
act  of  opening  the  connection  to  blow  down,  and  for 
stopping  the  flow;  opening  the  other  before  and  closing, 
it  after  the  first. 

In  this  way,  the  seat  of  one  valve  is  protected  from 
wear,  which  is  usually  the  result  of  the  filing  action  pro- 


I 


Fig.  13.  Single-End 
Skijimer 


Fig.  14.    Double-End 
Skimmer 


duced  by  the  escape  of  sand  and  other  substances  carried 
at  high  velocity  across  the  seats,  and  especially  through 
the  restricted  passages,  produced  at  the  instant  of  open- 
ing and  closing  the  valves.  Two  valves  used  in  the 
manner  described  require  less  attention  than  a  single 
valve,  because  the  protected  one  can  be  depended  on  to 
remain  tight  much  longer  than  if  one  valve  were  used, 
and  until  this  valve  has  begun  to  leak,  no  repair  such 
as  reseating,  need  be  undertaken.  Another  feature  that 
renders  double  valves  desirable  is  that,  when  scale  or 
other  material  blown  from  the  boiler  happens  to  lodge 
in  one  or  the  other  so  that  it  is  rendered  inoperative,  as 
is  frequently  the  case,  the  other  valve  is  ready  for  use. 

A  globe  valve  is  net  suitable  for  use  on  a  blowoff,  be- 
cause the  tortuous  passage  through  it  is  liable  to  produce 
stoppage  by  the  lodgment  of  particles  of  scale;  the  cut- 
ting action  produced  by  grit  on  the  seat  is  also  severe. 
In  using  a  cock,  or  any  quick-closing  type  of  valve  on  a 
blowoff  connection,  serious  strain  may  be  produced  in  the 
pipe  by  water-hammer  action  in  operating  too  quickly 
and  on  this  account  the  size  of  pipe  from  the  boiler  to 
the  valve  or  cock  should  be  limited  to  21/^  in.  Sizes 
below  11/2  in-  are  liable  to  clog  with  scale  or  mud,  so 
that  the  smallest  boiler  should  be  equipped  with  a  blow- 
off  of  at  least  this  size,  if  practicable.  This  leaves  the 
small  range  in  sizes,  from  11/2  to  21^  in.,  suitable  for  this 
purpose. 

One  of  the  objections  to  the  use  of  a  cock,  especially 
of  the  common  brass-plug  cock  style,  is  that  the  plug 
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i  heats  up  more  rapidlj'  than  the  body  when  blowing  off, 
!•  and  is  liable  to  seize  fast,  due  to  expansion,  after  being 
i[  opened  for  a  short  time,  and  is  thus  prevented  from 
i  closing.  Engineers  oaiight  in  such  a  predicament,  with 
i|  only  one  device  on  the  blowoff  connection,  have  attempted 
I  to  loosen  the  plug  by  driving  it  up  from  the  bottom. 
j  Sucli  treatment  is  exceedingly  dangerous  as  the  fastening 
i  may  give  way,  and  the  plug  be  blown  out  and  the  opera- 
i  tor  scalded.  The  Massachusetts  rules  very  wisely  pro- 
i  vide  that  the  plug  on  a  cock  must  be  held  in  place  by  a 
I  guard  or  gland,  which  is  intended  to  prevent  such  an 
accident. 

j  It  is  common  practice  to  connect  the  blowoffs  from 
ii  two  or  more  boilers  into  a  common  main  pipe,  to  be  led 
I  out  of  the  boiler  room  to  a  suitable  place  for  discharge. 
This  arrangement  has  been  responsible  for  scalding  many 
boiler  cleaners  and  repair  men  or  others  required  to  work 
inside  idle  boilers.  In  a  plant  containing  many  boilers 
a  few  are  usually  idle  at  all  times  for  repairs  or  cleaning, 
[  and  when  a  boiler  is  blown  off  into  such  a  line,  unless 
j  the  blowoff  valves  on  the  idle  boilers  are  closed,  the 
pressure  produced  in  the  main  blowoff  pipe  will  force 
scalding  water  and  steam  back  into  the  idle  boilers.  An 
accident  of  this  kind  is  usually  due  to  carelessness  on 
the  part  of  those  working  inside,  in  failing  to  see  that 
the  valves  on  the  idle  boilers  were  not  closed,  or  else  by 
someone  tampering  with  the  valves.  There  is  one  certain 
remedy  that  will  prevent  this  class  of  accident;  have 
the  blowoff  from  each  boiler  separate  and  distinct, 
throughout  its  entire  length.  In  the  case  of  large  bat- 
teries of  boilers,  and  especially  where  the  discharge  point 
is  at  all  remote  from  the  boiler  house,  as  is  usually  the 
case,  this  remedy  will  be  expensive,  and  it  is  likely  that 
the  management  of  the  plant  will  not  consent  to  the 
necessary  outlay.  In  such  case,  the  writer  would  sug- 
gest a  remedy,  that  while,  as  far  as  his  experience  goes, 
has  never  been  used,  would  seem  to  be  perfectly  feasible. 
This  is  to  equip  the  individual  blowoff  pipe  from  each 
boiler  with  a  swinging-check  valve,  as  illustrated  in  Fig. 
12.  This  would  prevent  any  sudden  rush  of  steam  or 
water  back  into  a  boiler  from  the  blowoff  main,  and 
would  not  interfere  to  any  serious  degree  with  the  outflow 
of  water  when  blowing  off,  especially  if  the  check  valve 
was  the  next  pipe  size  above  that  of  the  blowoff  pipe 
from  the  boiler. 

A  point  about  the  arrangement  of  blowoff  piping, 
often  overlooked  in  installation,  that  is  liable  to  lead  to 
a  serious  accident  is  seeing  that  the  system  of  pipes 
drains  thoroughly  by  gravity  to  the  discharge  point. 
A  pipe  that  remains  partly  filled  with  water,  which  be- 
comes cold  between  the  times  of  operating  the  valves,  is 
liable  to  cause  severe  water-hammer  in  the  pipes  during 
the  act  of  blowing  down.  This  action  may  break  the 
fittings  or  the  bonnets  of  the  blowoff  valves  and  probably 
scald  the  operator. 

The  blowoff  connections  on  the  various  types  of  water- 
tube  boilers  are  usually  arranged  at  the  lowest  point,  so 
as  to  drain  the  boiler  as  completely  as  possible,  for 
the  purpose  of  cleaning  or  repair.  In  some  sections  it 
is  customary  to  have  the  blowoff  pii^e  from  the  boiler 
of  large  size,  4  to  6  in.  in  diameter,  and  in  the  City  of 
Chicago  this  construction  is  made  compulsory  by  the 
municipal-boiler  laws,  the  size  being  reduced  at  the  blow- 
off  valve.     There  seems  to  be  no  good  reason  for  this 


kind  of  equipment,  and  there  are  objections.  A  large 
connection  is  placed  on  the  boiler  at  a  point  which  is 
exposed  to  high  temperature,  the  large  pipe  renders  the 
consequences  of  a  rupture  from  any  cause  more  serious 
and  the  danger  of  the  pipe  pulling  apart  at  the  threaded 
connections  is   increased. 

Surface  Blowoff 
With  feed  waters  containing  salts,  which  tend  to  form 
light,  foamy,  floating  deposits  on  the  surface  of  the 
water,  n  surface  blowoff  is  sometimes  efficient  in  pre- 
venting foaming,  a  trouble  that  is  liable  to  occur  with 
this  kind  of  feed  water.  The  difficulty  about  the  in- 
stallation of  this  piece  of  apparatus  is  to  get  it  to  cover 
enough  surface  to  he  effective,  and  still  not  interfere 
too  much  with  accessibility  for  the  purpose  of  cleaning 
or  repaii.  The  usual  arrangement  is  to  have  a  flattened 
cone  of  thin  sheet  iron  placed  so  that  it  will  be  central 
with  the  waterline.  Pig.  13  shows  the  arrangement  as 
usually  used.  Sometimes  the  funnel  is  made  double- 
ended,  as  shown  in  Fig.  14,  and  is  placed  on  the  water- 
line  at  an  equal  distance  from  the  two  tube  sheets,  with 
the  open  ends  pointing  toward  the  front  and  rear  heads 
of  the  boiler. 

Power    Development  at  the  Panama- 
Pacific  Exposition 

A  conspicuous  feature  of  the  Department  of  Machin- 
ery display  at  the  Panama-Pacific  International  Exi)osi- 
tion  will  be  the  latest  methods  of  power  development.  The 
exposition  is  to  be  contemporaneous  and  not  historical ; 
therefore  the  evolution  of  the  steam  engine  will  play 
but  a  very  small  part. 

The  exhibits  will  contain  a  number  of  Diesel  engines, 
operating  upon  California  crude  oils,  which  form  such  a 
large  part  of  the  resources  of  the  state.  The  development 
of  this  type  of  motor  has  been  somewhat  checked  in  the 
past  year  by  increasing  prices  of  the  fuel  oil  used.  In 
the  original  conception  of  the  Diesel  engine  it  was  antici- 
pated that  pulverized  coal  could  be  used  as  the  fuel  in 
the  cylinder  of  the  engine  in  the  same  manner  as  the 
liquid  fuel  is  now  used,  but  it  was  found  that  the  residual 
ash  from  the  solid  fuel  made  this  impossible.  There  is, 
however,  being  tried  out  in  England  a  100-hp.  engine  in 
which  powdered  coal  fed  by  worm  screw  through  tubular 
openings  in  the  cylinder  head  is  heated  by  the  exhaust 
gases  and  the  air  supply  for  the  engine  drawn  through 
the  coal  in  such  a  way  as  to  form  producer  gas,  which  is 
utilized  in  the  engine  as  it  would  be  in  the  ordinary  gas 
engines.  The  range  of  fuel  with  which  such  an  engine 
can  be  operated  is  much  wider  than  that  of  the  Diesel 
type  and  it  is  expected  that  among  the  exhibits  at  the 
exposition  it  may  have  its  place  and  will  represent  prac- 
tically the  last  word  in  power  production. 

The  authorities  have  already  been  promised  an  ex- 
hibit of  the  Humphrey  gas  pump,  which  is  a  unique  form 
of  internal-combustion  motor.  In  this  pump  the  mixture 
of  gaseous  fuel  and  air  contained  in  one  end  of  a  U- 
shaped  tube  is  exploded  by  any  of  the  usiml  methods  of 
ignition,  and  the  expansive  force  so  produced  forces  the 
water  out  at  the  other  end,  where  there  is  also  a  chamber 
within  which  the  air  is  compressed  by  the  water. 

After   the   expansive   force   of  the  fuel   charge   is   ex- 
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hausted  the  air  compressed  in  this  chamber  sets  uj)  a 
return  surge,  which  expels  the  burned  gases  and  then 
swinging  back  with  rhythmic  impulse  draws  in  a  fresh 
charge  of  air  and  gas,  as  well  as  of  water,  which  charge 
of  air  and  fuel  is  compressed  on  the  next  return  stroke 
and  exploded  when  it  reaches  the  point  of  highest  com- 
pression, thus  starting  the  cycle  over  again. 

A  pump  of  this  type  is  being  used  today  in  London, 
having  a  pumping  capacity  of  50,000,000  gal.  per  day, 
and  complete  designs  have  been  made  for  a  German  plant 


having  150,000,000  gal.  capacity.  This  latter  would  be 
over  four  times  the  daily  consumption  of  San  Francisco. 
This  form  of  pump  will  probably  find  many  applica- 
tions other  than  that  of  pumping  alone.  It  may  be  uti- 
lized for  compressing  air;  and  a  proposition  has  been 
made  in  Germany  to  utilize  it  in  power  production  by  de- 
livering the  water  which  it  discharges  through  a  water- 
wheel  directly  connected  to  an  electric  generator.  The 
combined  efficiency  thus  obtained  will  be  at  least  double 
that  of  the  most  improved  form  of  steam  plant. 


Conservation  of  Coal  and  Liquid  Fuel 


By  Special  C'oiiin:spoNDENT 


SYNOPSIS — A  resume  of  the  papers  read  at  the  eighty- 
third  annual  meeting  of  the  British  Association  for  the 
Advancement  of  Science,  held  at  Birmingham ,  Eng., 
Sept.  10-17,  1913. 

The  chief  topic  of  practical  interest  to  power-plant  en- 
gineers that  was  dealt  with  at  the  recent  Birmingham 
meeting  of  the  British  Association,  was  the  more  scientific 
use  of  solid,  liquid  and  gaseous  fuel,  for  the  purpose  of 
generating  power  or  heat.  A  group  of  papers  upon  this 
most  important  subject  was  read  in  the  chemistry  and 
mgineering  sections  of  the  association.  Since  the  condi- 
;ions  in  America  today  with  regard  to  power  generation 
:rom  coal  and  oil,  are  similar  to  those  existing  in  Eng- 
and,  a  resume  of  the  contents  of  these  papers  should 
3rove  of  value. 

After  a  general  introduction,  discussing  the  various 
3rime  movers  for  generating  power  and  their  defects. 
Professor  Burstall  in  his  paper  on  "Solid,  Liquid  and 
laseous  Fuels"  touched  on  the  total  remaining  amounts 
)f  the  various  types  of  solid  and  liquid  fuel  available, 
rhe  annual  output  of  coal  by  the  mines  of  the  whole 
vorld  was  estimated  to  be  about  1200  million  tons — 
vhile  that  of  crude  oil  was  estimated  at  50  million  tons. 
5ince  it  was  doubtful  if  any  large  oil  fields  remained  un- 
liseovered,  it  followed  that  the  supply  of  crude  oil  was 
otally  inadequate  to  replace  the  solid  fuel  now  used  for 
)ower  production.  The  artificial  production  of  oil  fuel 
lught,  therefore,  to  be  seriously  taken  in  hand.  Up  to 
he  present  time  coal  has  been  gasified  with  the  idea 
if  producing  the  highest  yield  and  volume  of  gas,  but  it 
3  quite  possible  and  practicable  to  alter  the  conditions 
if  carbonization  so  as  to  obtain  a  high  yield  of  fuel  oils 
nd  other  compounds  of  great  value,  including  sulphate 
if  ammonia.  By  the  present  methods  of  gasification,  a 
Qodern  gasworks  will  produce  from  every  ton  of  coal 
letween  11,500  and  12,500  cu.ft.  of  gas  with  a  calorific 
■alue  of  550  B.t.u.  per  cu.ft.;  10  gal.  of  tar:  and  25  to 
10  lb.  of  sulphate  of  ammonia. 

The  author  thinks  that  the  future  of  coal  treatment 
n  this  and  other  countries  will  be  in- "the  decomposition 
f  the  fuel  in  closed  retorts,  under  conditions  which  would 
iiake  the  yield  of  a  standard  illuminating  gas  the  sec- 
indary  consideration,  and  would  elevate  the  yield  of  bj'- 
)roducts  into  the  chief  one.  It  has  long  been  known  that 
he  quantity  and  quality  of  the  tar  is  largely  influenced 
ly  the  temperature  at  which  the  fuel  is  carbonized,  the 
ower  the  temperature   the   better  being  the  yield   and 


composition  of  the  tar  oils.  If  the  gas  and  tar  are  with- 
drawn from  the  retort  immediately  they  are  evolved, 
many  of  the  tar  oils  (after  distillation)  can  be  employed 
for  power  generation  in  internal-combustion  engin('>. 
These  tar  oils  will  yield  on  distillation,  benzol,  light  oils 
of  the  pentaue  and  hexane  series;  middle  oils  such  as 
erysilic  acid,  and  finally  heavy  oils  of  the  anthracene 
series. 

The  author  then  sketched  out  the  details  of  a  lari;'-' 
scheme  of  this  kind  for  treating  coal  at  the  pit's  mouth  ; 
the  carbonization  units  of  this  scheme  being  of  2000  Una 
fuel  capacity  per  day.  The  tar  and  gas  would  be  taken 
by  pipe  lines  to  suitable  points  for  their  further  treat- 
ment, the  tar  being  subjected  to  fractional  distillation  iu 
continuous  stills,  automatically  worked,  to  obtain  the 
various  light  and  middle  oils  from  it,  before  sale  of  the 
residuum  as  a  liquid  fuel,  or  for  road-making  purposes. 

Such  a  works  would  produce  from  120,000  to  140,0110 
gal.  of  tar  per  day;  the  recovery  of  byproducts  from  tlii,~ 
large  amount  of  tar  would  be  regulated  according  to  the 
relative  market  price  of  the  various  oils  obtained. 

The  gas  generated  from  the  carbonizers  would  not  be 
purified  from  sulphur,  but  would  be  used  in  its  crude 
state  in  large  2000-hp.  gas  engines  for  the  generation  of 
electricity.  This  would  be  generated  at  high  volta^i . 
and  would  be  distributed  over  a  wide  area  from  the  gen- 
erating plant  at  the  pit's  mouth. 

The  exhaust  gases  from  the  gas  engines  would  then  be 
chemically  treated,  in  conjunction  with  the  liquor  from 
the  ammonia  plant,  and  both  these  constituents — the  ni- 
trogen and  sulphur — of  the  raw  fuel  would  be  recovered 
in  the  form  of  ammonium  sulphate. 

The  author  admitted  that,  at  present,  this  scheme  wa^ 
somewhat  visionary,  but  hoped  to  see  it  realized  within  a 
reasonable  time. 

Professor  Armstrong  opened  the  proceedings  in  the 
chemistry  section  on  Monday  morning,  Sept.  15,  by 
emphasizing  the  great  importance  of  the  fuel  question, 
and  the  need  for  prompt  action  if  the  fuel  resources  were 
to  be  wisely  u.sed.  In  his  opinion  legislation  was  cer- 
tainly required  at  the  present  date,  to  render  illegal  the 
use  of  raw  coal  for  heating  purposes,  either  in  private 
houses  or  in  works  and  factories,  since  onlj'  in  this  way 
could  any  reform  of  the  present  methods  of  heating  be 
carried  through  in  reasonable  time. 

All  coal  would  then  be  subjected  to  destructive  distilla- 
tion before  its  use,  and  this  distillation  would  be  carried 
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it  luidor  the  scientific  conditions  required  to  obtain  a 
axiniuni  yield  of  all  the  valuable  byproducts. 
Finally  the  methods  of  using  gas  for  heating  purposes 
juld  also  require  to  be  reformed,  and  Professor  Bone's 
ethod  of  obtaining  remarkably  high  thermal  efficiencies 
•  fiameless  combustion  would  doubtless  be  one  that 
Duld  receive  widely  extended  application  in  the  near 
ture. 

Dr.  George  Beilby,  of  Glasgow,  contributed  a  paper  on 
e  "Low  Temperature  Carbonization  of  Coals"  to  the 
nie  section.  After  considering  the  advantages  offered 
■  this  method  of  treatment  and  discussing  some  of  the 
uses  of  the  failure  of  the  "Coalite"  system,  the  author 
live  an  account  of  the  practical  progress  made  at  the 
prks  of  the  Cassel  Cyanide  Co.  in  Glasgow,  with  the 
hsign  of  an  improved  retort  and  process  for  carrying  out 
le  low-temperature  carbonization  of  solid  fuel. 
I  After  numerous  trials,  extending  over  a  period  of  four 
ars,  an  apparatus  had  been  designed  which  would  coke 
i  tons  of  coal  per  day,  at  a  temperature  between  750 
id  840  deg.  F.  This  apparatus  was  continuous  in  its 
stem  of  working  and  would  convert  cheap  noncoking 
lall  coal,  either  into  a  fuel  suitable  for  gas-i^roducer 
jrk,  or  into  a  smokeless  fuel  for  domestic  use,  while  at 
8  same  time  enabling  one  to  recover  from  the  evolved 
ses  all  the  valuable  byproducts  of  the  raw  fuel.  The 
ermal  value  of  the  gas  obtained  from  the  apparatus 
IS  high,  namely,  850  B.t.u.  per  cu.ft. 
In  concluding  his  valuable  paper,  Doctor  Beilby  stated 
at  the  chief  difficulties  at  present  were  due  to  the  cak- 
g  of  the  coal,  and  to  the  breaking  down  of  the  charge 
to  coke  no  larger  than  the  ordinary  coke  breeze.  These 
are  serious  but  not  fatal  defetets.  To  render  the  coke 
ter  treatment  in  the  earbonizers  fit  for  household  iise, 
was  necessary  to  briquette  it;  for  the  gas-producer  work 
e  coke  could  be  used  exactly  as  it  came  from  the  car- 
■nizing  plant.  The  briquettes  were  manufactured  by 
ing  7  per  cent,  of  pitch  as  binding  material,  and  they 
ire  sold  in  Glasgow  at  present  for  household  use  at  the 
'te  of  20  shillings  ($5)  per  ton.  It  was  quite  possible, 
wever  (as  the  apparatus  and  process  were  improved) 
at  this  price  might  be  lowered,  and  it  was  not  given 
indicating  the  final  value  or  price  of  the  domestic  fuel 
educed  by  the  process. 

Finally,  the  author  stated  that  the  really  significant 
lints  in  any  successful  process  were  covered  by  the 
'onomic  and  engineering  questions :  Can  an  outlet  be 
und  for  large  amounts  of  this  low-temperature  coke? 
id  can  a  satisfactory  apparatus  be  devised?  The  ap- 
fratus  must  be  constructed  in  fairly  large  units ;  it  must 

automatic  in  working,  and  must  operate  with  the 
loothness  and  regularity  of  the  best  types  of  automatic 
jking  machinery,  and  with  a  minimum  of  manual  labor 

of  skilled  supervision.  The  gases  and  vapors  from 
je  distillation  must  also  be  carefully  preserved  from 
Bs  or  damage,  either  through  leakage  of  the  gas  out- 
iird,  or  leakage  of  air  inward.  The  necessary  heat  must 

so  applied  as  to  cause  no  deterioration  of  the  material 
which  the  apparatus  was  constructed,  and  the  heating 
the  charge  must  be  economic. 

The  author  stated  that  he  was  not  without  hope  that 
I  apparatus  would  be  designed,  which  would  tempt  the 
thodox  gas  engineer  to  give  low-temperature  carboniza- 
m  a  serious  trial  on  its  merits. 


Professor  Bone,  of  London,  followed  Doctor  Beilby 
with  an  account  of  the  latest  practice  in  the  use  of  gase- 
ous fuel,  in  the  iron  and  steel  industry.  As  Professor 
Bone  is  the  patentee  of  the  Boncourt  or  "fiameless"  com- 
bustion method  of  utilizing  gas  for  heating  purposes,  his 
address  was  followed  with  much  interest  by  a  crowded 
audience.  Discussing  the  relative  costs  of  gas  from  vari- 
ous sources  in  the  United  Kingdom,  he  gave  the  follow- 
ing figures : 

Cost  in 
cents  per 
1000  pu.ft. 

1.  Coal   gas.    as   made    by   an    ordinary   gasworlcs 24 

2.  Water    gas     s 

S.      Producer    gas,    without    ammonia    recovery 3 

4.      Producer  gas,  with  ammonia  recovery 2 

The  above  represent  the  cost  of  production  only.  It  is 
assumed  in  the  case  of  Nos.  2,  3  and  4  that  the  producers 
work  with  a  thermal  efficiency  of  70  to  75  per  cent. ;  and 
the  estimates  are  based  on  fuel  costing  $3.60  per  ton, 
and  coke  realizing,  when  sold,  $2.88  per  ton. 

With  regard  to  the  general  question  of  heat  utilization 
in  iron  and  steel  works,  he  predicted  that  at  no  very 
distant  date,  the  need  for  a  gas-producer  plant  in  steel 
works  would  be  nonexistent,  and  the  furnaces  would  be 
heated,  and  the  power  generated,  entirely  by  the  waste 
gases  from  the  blast  furnaces  and  coke  ovens.  A  modern 
blast  furnace  yields  about  168,500  cu.ft.  of  gas  per  ton  of 
iron  produced.  An  output  of  1000  tons  of  iron  weekly 
represents,  therefore,  about  1,000,000  cu.ft.  of  gas  per 
hour.  This  gas  has  a  low  calorific  value;  namely,  100 
B.t.u.  per  cu.ft.,  and  on  this  account  after  cleaning  from 
dust,  it  forms  an  ideal  gas  for  power-generation  purposes. 

The  excess  of  blast-furnace  gas  not  required  for  heat- 
ing purposes,  is  now  being  employed  extensively  in  mod- 
ern iron  and  steel  works  for  power  generation,  and  at 
Seraing,  in  Belgium,  where  the  greatest  developments 
have  occurred  in  this  application  of  the  waste  gases,  a 
6500-hp.  gas  engine  is  now  being  erected  as  an  addition 
to  the  existing  generating  plant.  At  this  large  works,  the 
surplus  gas  from  the  blast  furnaces  is  capable  of  generat- 
ing 38,500  hp.  continuously,  at  an  efficiency  of  38  per 
cent. 

As  regards  the  use  of  blast-furnace  gas  for  heating 
purposes,  at  Skinningrove,  in  Yorkshire,  the  gas  is  en- 
riched by  admixture  with  coke-oven  gases  until  it  tests 
130  B.t.u.  per  cu.ft.,  and  this  mixed  gas  is  then  employed 
for  heating  the  Talbot  and  other  steel-producing  fur- 
naces. 

W.  H.  Patterson,  of  Liverpool,  contributed  a  short 
paper  on  "The  Improvements  of  Combustion  Due  to 
Blending  and  Chemically  Treating  Fuels."  Tests  were 
made  on  a  marine  boiler  with  two  fuels,  one  marked  A 
the  other  B.  The  laboratory  calorific  tests  of  these  fuels 
gave  the  following  values:  A,  6524  cal.;  B,  7351  cal. ; 
while  practical  boiler  trials  gave  the  following  evapora- 
tion:  A,  8.87  lb.  of  water;  B,  10.56  lb.  of  water  per 
lb.  of  fuel.  The  fuels  were  then  mixed  in  definite  propor- 
tions, and  this  mixed  fuel  on  practical  trial  in  the  boiler 
gave  a  much  higher  efficiency  than  the  average  of.  the 
above  figures  (9.71  lb.),  the  evaporative  duty  being  near- 
ly as  high  as  that  of  fuel  B  alone. 

Another  remarkable  efl'ect  was  obtained  by  treating 
coal,  while  in  a  moist  state,  with  chlorine  gas.  Not  only 
was  the  heat  efficiency  increased  and  the  a.sli  diminished 
by  this  treatment,  but  the  physical  features  of  the  coal 
appeared  to  undergo  modification,  and  a  bituminous  coal 
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(lined  in  this  way  some  of  the  characteristics  of  a  smoke- 
rs semi-anthracite  fuel. 

Tiipcrs  ui)oii  "Tile  Manufacture  of  Coal  Gas,"  by  Dr. 
iL.  G.  Colman;  liy  J.  H.  Yates  on  "Improvements  in 
Gas  Fires,"  by  Dr.  K.  Lessing  ou  "Smokeless  Fuels  and 
Coal  Oils,"  and  by  Dr.  E.  V.  Wheeler  on  "The  Compo- 
sition of  Goal,"  were  also  contributed  to  this  session.  The 
most  interesting  statement  contained  in  these  four  papers 
was  that  of  Doctor  Colman — that  high-pressure  coal  gas 
(under  13  in.  water  pressure)  was  now  being  supplied 
tln-oiigh  special  mains  in  ShelTield  and  Birmingham  for 
metallurgical  puri>ost\';,  and  that  a  large  number  of  manu- 
racturers  were  employing  this  gas  for  melting  and  refin- 
ing metals  and  alloys.  The  high-pressure  gas  in  Birmiiig- 
liani  was  supplied  at  the  same  charge  as  ordinary  coal 
gas,  namely,  at  32  to  36c.   per  1000  cu.ft. 

Doctor  Wheeler  gave  details  in  his  paper  of  a  new 
method  of  separating  raw  coal  into  its  two  main  classes 
of  constituents,  by  aid  of  pyridine  and  chloroform.  He 
also  gave  an  account  of  the  remarkable  effects  produced 
(in  photograjihic  plates  in  the  dark,  by  the  resinous  con- 
stituents of  fuel.  Tn  the  author's  opinion  thfs  photo- 
graphic method  of  examining  a  fuel  might  be  used  to 
guide  one  to  a  judgment  concerning  its  caking  and  coking 
properties. 

A  Remarkable  Maintained  Economy 
Test 

By  a.  D.  Skixxeii 

Tests  for  maintained  economy  are  so  uncommon  in 
this  country  that  the  results  of  the  tests  made  on  two 
double-eccentric,  single-valve,  tandem-compound  Skinner 
engines,  after  14  months'  service,  will  no  doubt  be  of  in- 
terest. The  causes  that  contributed  to  this  unusual  test 
were  peculiar.  The  Universal  Caster  &  Foundry  Co.,  of 
Newark,  N.  J.,  were  considering  various  types  of  engine, 
and  the  selection  finally  narrowed  down  to  a  single-cylin- 
der multi-valve  engine  and  the  aforesaid  make  of  com- 
pound engine. 

Two  engines  of  different  capacities  were  to  be  pur- 
chased, and,  while  the  guarantees  made  for  the  com- 
pound engines  were  naturally  lower,  the  price  was  $1503 
higher.  The  purehasers  were  willing  to  pay  the  additional 
price  if  they  could  be  convinced  by  a  practical  demonstra- 
tion that  the  compound  engines  would  fulfill  the  guar- 
antees made  for  them,  not  only  while  the  engines  were 
new,  but  after  they  had  been  in  operation  for  at  least 
one  year  and  without  any  refitting  of  valves. 

These  conditions  were  agreed  to  and  at  the  end  of  a 
year  an  economy  test,  conducted  in  accordance  with  the 
American  Society  of  Mechanical  Engineers'  code  for 
steam-engine  trials,  was  to  be  made  on  both  engines,  and 
under  the  direction  of  a  consulting  engineer  appointed 
by  the  purehasers. 

Both  engines  were  allowed  to  run  for  14  months,  in- 
stead of  13,  for  the  reason  that  it  was  not  convenient  for 
either  the  purchasers  or  the  engine  builders  to  make  a 
test  after  the  engines  had  been  in  operation  the  stated 
period,  and  in  the  meantime  the  valves  had  not  been 
tampered  with  or  adjusted.  F.  H.  Ogden,  a  consulting 
engineer,  of  Newark,  represented  the  purchasers,  who  also 
had  other  representatives  present  to  check  the  results. 


Inasmuch  as  it  was  necessary  to  conduct  the  test 
weighing  the  water  before  it  was  fed  to  the  boilers,  y 
usual  care  was  taken  to  insure  its  accuracy.  A  boiler  a; 
line-leakage  test  was  made  one  month  before  the  test  j 
the  engines,  and  a  .second  leakage  test  was  conducted  i 
the  same  day  on  which  the  engine  tests  were  made,  t, 
]-esults  of  both  leakage  tests  being  almost  identical.  T 
water  weights  and  levels  in  the  boilers  were  checked  du 
ing  the  engine  tests  at  the  end  of  each  hour,  and  show. 
almost  constant  consumption,  thereby  verifying  the  fin 
results.  Water  was  fed  to  the  boilers  through  injectoi 
the  steam  supply  for  which  came  from  the  boilers  thei 
■selves.  The  water  was  weighed  in  barrels  on  scales  whi 
had  been  previously  tested  for  correctness.  The  load  w 
obtained  by  a  water  rheostat. 

Two  sets  of  indicator  diagrams  were  taken,  and  tl 
indicated  horsepower  was  determined  both  by  planimet 
and  by  ordinate  readings,  and  the  planimeter  reading 
being  the  smaller  were  accordingly  selected  by  the  pu 
chasers'  engineer.  The  indicator  springs  were  removt 
by  the  purchasers'  engineer  immediately  after  the  te 
and  were  calibrated  by  the  indicator  manufacturers,  tl 
Pratt  Institute  and  the  Stevens  Institute  of  Technolog; 
all  calibrations  agreeing. 

After  the  tests  the  valves  of  both  engines  were  teste 
for  steam  tightness  by  placing  the  valves  on  center,  n 
moving  the  indicator  piping  and  opening  ihe  throttle  t 
full  boiler  pressure.     Neither  engine  showed  any  val\ 


As  far  as  published  records  go,  the  results  of  these  tw 
tests  establish  a  record  for  noneondensing  steam  engine 
of  this  type,  operating  under  saturated  steam  conditions 
The  results  are  all  the  more  noteworthy  on  account  o 
the  fact  that  the  engines  had  been  in  operation  for  1\ 
months,  without  refitting  of  valves. 

RESULTS   OF  TESTS 

Date   of  trials Oct.   6,    19l' 

Type  of  engines Tandem  compound  automatic  noncondensin 

Class    of    engines Direct    connected    to    alternatoi 

Rated  power,  indicated  horsepower 320       384-40 

Tj-pe    of   valve Skinner    steam    tigh 

Dimensions... 15^x25^x20  16}x28i20 

Diameter  of  piston  rods,  in ....       2^  &  3^     2-?r  &  3 

Duration  of  tests,  hr 

Length  of  time  engines  were  running  at  normal  speed,  hr. 

Total  water  fed  to  boilers,  lb 23,355  23.13. 

Total  water  fed  per  hour,  lb 5,838 .  75      7,728  3; 

Loss  of  steam  and  water  per  hour,  due  to  drips,  ib 87  25        '  97  Ot 

Loss  of  steam  and  water  per  hour,  due  to  leakage,  lb 659 . 00         659. Of 

Moisture  in  steam  near  throttle  by  throttling  calorimeter, 

per  cent 

Net  dry  steam  consumed  per  hour  (equals  water  fed,  less 

drips,  leakage  and  moisture),  lb 5,004.91      6,872  6; 

Steam  at  throttle,  by  gage,  lb 132.56         131.2," 

Back  pressure  at  mid-stroke  abo\'e  atmosphere,  lb    per 

„    ^.i-'P 1.00         0.9; 

UevoJutions  per  minute 202  200 

Average  indicated  horsepower: 

High-pressure  cylinder 147  26  209. 7C 

Low-pressure  cylinder 13o!30  178l2f 

Total 

Approximate  load 

Water  as  fed  per  i.hp.-hr.,  lb 

Net  dry  steam  consumed  per  i.hp.-hr.  (equals  water  a; 

less  drips,  leakage  and  moisture,  lb 


277.56         387. 9f 
i  Ful_I 


21.04 
18.13 


19.92 
17.81 


Peat  Production  Small — While  the  United  States  is  tho 
richest  country  in  the  world  In  the  deposits  of  peat,  little  ac- 
tive work  is  done  in  mining  or  digging  it.  So  far  as  is  known 
very  few  of  the  peat-fuel  plants  established  have  gone  be-  ' 
yond  the  experimental  stage  and  many  of  them  have  never 
been  equipped  with  essential  machinery.  Reports  from  alt 
known  peat-fuel  plants  in  the  United  States,  according  to  an 
advance  chapter  from  "Mineral  Resources,  1912,"  on  the 
production  of  peat  in  1912,  by  Charles  A.  Davis,  show  that 
with  one  exception  they  were  idle  during  the  summer  of 
1912.  The  output  of  peat  fuel  was  reported  as  about  1300 
tons,  valued  at  $4550.  All  this  peat  was  sold.  A  copy  of 
the  report  on  peat  may  be  obtained  free  on  application  to  the 
Director,  U.  S.   Geological  Survey.  A^'ashington,   D.   C. 
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The  Half-Watt  Tungsten  Lamp* 

The  first  earbon-lilamcnt  iiieandcsccnt  lamps  con- 
sumed 5  to  6  watts  per  candlepower,  but  were  gradually 
improved  to  about  3.1  watts.  During  the  past  few  years 
this  has  been  further  decreased  by  the  use  of  the  metal- 
lized filament  to  2.5  watts  per  candlepower.  Moreover, 
since  the  introduction  of  the  metallized-carbon  filament 
progress  with  other  types  has  been  comparatively  rapid 
and  at  the  present  time  the  most  efficient  incandescent 
lamp  in  commercial  use  is  the  tungsten,  utilizing  from  1 
to  11/4   watts   ]ier  candlepower   in   tlic   ordinary  sizes. 

Notwithstanding  this  improvement  the  luminous  eifi- 
ciency  of  the  ordinary  tungsten  lamp  is  not  more  than 
•6  to  10  per  cent.     If  the  ma.\imum  theoretical  efficiency 
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were  attained  the  consumption  should  not  be  more  than 
(t.l  watt  per  candlepower. 

It  has  long  been  known  that  ordinary  tungsten  lamps 
can  be  run  ,at  voltages  much  higher  than  rated  and  in 
this  way  extremely  high  efficiencies  can  be  obtained,  but 
the  life  of  the  lamps  under  these  conditions  is  very 
shoi't. 

In  ordinary  practice  the  useful  life  uf  a  lamp  is  con- 
sidered to  be  the  time  which  the  lamp  burns  before  its 
candlepower  has  fallen  to  80  per  cent,  of  its  original 
value,  or  until  the  filament  breaks,  in  case  this  occurs 
while  the  candlepower  is  still  above  SO  per  cent. 

The  causes  which  made  it  necessary  to  operate  tungsten 
lamps  at  such  relatively  low  efficiencies  were  little  under- 
stood at  first  and  led  to  a  series  of  exhaustive  investiga- 
1ions  at  the  laboratories  of  the  General  P-Jlectrie  Co. 

The  lamps  were  observed,  ordinarily,  to  fail  in  one  of 
two  ways :  either  by  breakage  of  the  filament  or  by  black- 

♦Abstracted  from  a  paper  by  Irving  LanErmuir  and  J.  A. 
Orange,  read  before  the  American  Institute  o(  Electrical  En- 
gineers, at  New  York,  Oct    10,   1913. 


eniiig  of  the  bulb.  Tlu>  lurincr  dilliculty  was  largely  over- 
come by  employing  ductile  tungsten  and  by  improved 
methods  of  mounting  the  wire,  but  the  blackening  of  the 
bulb  continued  to  baffle  the  investigators. 

At  first  this  blackening  was  thought  to  lie  due  to  the 
presence  of  residual  gases.  These  were  detormined,  but 
experiments  showed  water  vapor  to  l)e  the  only  one  which 
produces  perceptible  lilackening  of  the  bulb.  In  this  case 
the  process  is  cyclic:  iliat  is,  the  water  \a|ior  oxidizes  and 
deposits  on  the  bulb,  where  it  is  reduced  by  the  free 
hydrogen,  forming  water  vajior  and  leaving  metallic 
tungsten. 

Attempts  to  materially  improve  the  life  of  the  lamps 
by  the  more  complete  removal  of  water  vapor  resulted  m 
failure,  and  it  was  concluded  that,  although  water  vapor 
is  usually  one  of  the  principal  causes  of  short  life  in 
poorly  exhausted  lamps,  it  is  not  the  cause  of  blackening 
in  well  exhausted  lamps.  The  real  cause  of  blackening 
in  well  made  lamps  was  finally  proved  to  be  due  to  evap- 
oration of  the  filament. 

It,  therefore,  follows  that  to  iini)rii\e  the  efficiency  of 
tungsten  lamps,  eitbei-  the  rate  i)f  evaporation  of  the  fila- 
ment must  be  reduced  or  the  e\a]>orated  tungsten  mu.'it- 
be  prevented  from  blackening  the  bulb. 

This  result  has  been  accomplished  by  the  intr()du<ti(in 
of  nitrogen  into  the  bulb  umlcr  .-itmospheric  pressure  and 
by  changing  the  local  ion  of  the  deposit  by  means  of  con- 
vection currents  so  that  the  liulli  oppasite  the  filament 
does  not  darken.  By  making  use  (if  these  principles  the 
General  Electric  Co.  has  heen  able  to  construct  practical 
tungsten  lamps  which  have  burned  over  JJOOO  hours  at  an 
average  efficiency  of  less  than  0.5  watt  per  candlepower. 
At  the  present  stage  of  the  develo])meiit.  however,  it  has 
been  possible  to  attain  these  results  only  in  large-sized 
lamps — over  1000  cji..  as  will  be  explaineil. 

It  was  found  that  a  much  higher  efficiency  could  be  ob- 
tained when  using  large  filaments  than  with  those  of 
small  diameter,  due  to  the  relatively  greater  heat  loss 
l)y  convection  from  the  small  wires.  Moreover,  the  life 
of  the  filament  is  determined  largely  by  the  loss  of 
tungsten  through  evaporation  and  has  been  found  to  bi: 
dependent  on  the  relative  decrease  in  diameter  caused  l>y 
this   evaporation. 

If  the  rate  of  evaiMU'ation  ])er  unit  area  from  large 
and  small  wires  were  the  same,  the  lives  of  various  fila- 
ments run  at  a  given  temperature  would  be  approximate- 
ly proportional  to  their  diameters.  However,  as  the  evap- 
oration of  tungsten  in  nitrogen  is  largely  a  diffusion 
process,  it  probably  obeys  laws  similar  to  those  of  con- 
duction or  convection  of  boat  from  a  wire;  that  is,  for 
wires  of  small  diameter  the  actual  amount  of  tungsten 
evaporated  would  be  nearly  independent  of.  the  size  of 
the  wire.  The  rate  of  evaporation  per  unit  area  would 
ihus  be  approximately  inversely  proportional  to  the  diam- 
eter. The  relative  lives  of  very  small  wires  in  nitrogen 
are  therefore  nearly  proportional  to  the  squares  of  their 
diameters. 
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lluwe^er.  it  is  not  desirable  to  use  filanieuts  of  very 
large  diameters  if  similar  results  cau  be  obtained  with 
smaller  ones,  as  the  current  increases  as  the  three-halves 
power  of  the  diameter  of  the  filament.  Hence,  unless 
verj"  low  voltages  are  used,  the  power  consumed  by  the 
larger  wires  is  so  great  that  only  very  high  candlepower 
lamps  can  be  made.  Therefore,  it  is  of  vital  importance 
to  increase  the  effective  diameter  of  the  filament  without 
decreasing  its  resistance.  The  most  satisfactory  method 
of  accomplishing  this  is  to  wind  the  filament  into  the 
form  of  a  tightly-coiled  helix  of  as  large  a  diameter  as 
practicable.  It  has  been  found  that  the  use  of  a  helically 
wound  filament  increases  the  life  of  the  lamp  many  times 
beyond  that  which  would  be  obtained  with  a  straight  fila- 
ment running  at  the  same  efficiency.  This  is  especially 
true  of  the  smaller  sizes  of  wires. 

In  ordinary  lamps  about  20  per  cent,  of  the  energy 
radiated  from  the  filament  is  intercepted  by  the  glass  and 
causes  heating  of  the  bulb.  In  the  nitrogen  lamp,  besides 
this  radiated  heat  there  is  additional  heat  carried  to  the 
bulb  by  convection — an  amount  varying  with  the  type 
of  lamp  and  ranging  from  6  to  -iO  per  cent,  of  the  total 
input.  The  convection  currents  carrying  this  relatively 
large  amount  of  heat  travel  vertically  upward  from  the 
filament  and  strike  a  small  area  of  the  bulb,  which  thus 
tends  to  become  greatly  overheated.  Unless  special  pre- 
cautions are  taken,  this  overheating  will  cause  the  libera- 
tion of  enough  water  vapor  to  attack  the  filament  and 
blacken  tlie  bulb.  It  is  therefore  desirable,  if  small  bulbs 
are  to  be  used,  that  the  filament  be  mounted  in  the  lower 
part.  By  special  designs  of  bulbs  satisfactory  lamps 
have  been  made  in  which,  for  the  same  volume,  nitrogen 
lamps  give  from  five  to  ten  times  the  candlepower  of 
evaluated  lamps. 

Tlie  principal  limitation  of  the  new  type  is  that  of 
current.  There  is  no  practical  upper  limit  to  the  current, 
provided  the  voltage  is  not  lowered  to  keep  constant 
power  consumption.  With  increasing  current,  larger  and 
larger  filaments  are  used  and  the  efficiency  that  may  be 
priutieally  reached  increases  toward  the  limit  of  0.2  watt 
]»er  ip.,  which  is  fixed  by  the  melting  point  of  tungsten. 

Fur  the  particular  type  of  nitrogen-filled  lamp  which 
has  at  present  been  furthest  developed,  it  may  be  said 
that  a  life  of  over  1500  hours  is  obtained  at  efficiencies 
better  than  0.5  watt  per  candlepower  only  in  large  units 
taking  over  10  amp.  Lamps  consuming  0.6  to  0.7  watt 
per  cai'.dlepower  have  been  made,  taking  at  lea,st  5  amp. 

Xo  serious  difficulty  has  been  met  in  making  high-volt- 
age lamps.  In  nitrogen  at  atmospheric  pressure  there  is 
no  tendency  toward  arcing,  even  at  250  volts.  Many 
lamps  taking  6  or  7  amp.  at  110  volts  have  been  made 
and  run  at  0.6  to  0.7  watt  per  candlepower  with  a  life 
of  1000  hours. 

V  Waterwheel  Generators 

Waterwheel  generators  arc  lieing  built  to  couform  with 
the  rapid  development  of  hydraulic  power  in  various  com- 
binations of  capacity  and  speed  range.  The  following 
deals  with  the  practice  of  one  large  company — the  West- 
inghouse  Electric  &  Manufacturing  Co. — in  this  line. 

HoiiizoxTAL  Type 

Tlie  standard  horizontal  unit  is  of  the  two-bearing 
coupled-type  construction;  that  is,  the  generator  includes 


the  shaft,  two  licarings,  and  a  bedplate  usually  designed 
to  allow  for  sliding  the  stator  to  oue  side  in  case  ready 
access  to  either  the  stationary  or  rotating  winding  is  de- 
sired ;  see  Fig.  1 . 

The  stationary  frame  is  a  rigid  iron  casting,  into  which 
soft  steel  laminations  are  dovetailed  and  securely  fast- 
ened. Form-wound,  interchangeable  armature  coils  fit 
into  parallel  open  .slots  punched  in  these  laminati'  ' 
and  these  coils  are  held  firmly  in  place  by  fiber  weil_ 
The  coils  are  insulated  and  impregnated  with  fain  i  - 
and  high-insulating  compounds. 

Xo  single  type  of  construction  will  meet  the  varied 
requirements  in  rotor  design,  therefore,  .several  well  tested 
methods  are  employed.  When  comparatively  low  peripheral 
speeds  are  encountered  a  cast-iron  spider  with  bolted-oii, 
or  dovetailed  poles,  is  usually  employed.  For  hiL'li.  ■ 
speeds  cast-steel  or  steel-plate  construction  may  be  ii- 
In  the  case  of  very  large  relatively  high-speed  machii'  . 
the  difficulty  of  securing  perfect  castings  may  lead  to  llie 
well  proved  laminated  rim  structure,  which  is  illustrated 
in  Fig.  2. 

All  the  field  poles  are  made  of  thin  steel  laminations 
riveted  together  with  overhanging  pole  tips  provided  to 
support  the  field  windings. 

The  field  coils  are  of  heavy  copper  .strap  wound  ou 
edge  and  insulated  in  such  a  way  that  each  individual 
turn  is  exposed  to  the  ventilating  air.  The  coil  is  fast- 
ened between  the  rotating  spider  and  the  tips  of  the  fi'ld 
poles  by  heavy  coil  supports. 

Vertical  Type 

Standard  practice  recommends  that  the  generator  be 
fitted  with  two  guide  bearings  which  are  supported  by 
brackets  fastened  to  the  stator  frame,  also,  a  bedplate 
or  pad  on  which  the  stationary  part  rests. 


Fig.   1.   Gexkkatoi,    ..  lui    .matoi;   .">Lin   Exdwise  tu 
Peisiiit  Acci>s  to  Rotoi! 

The  roller,  or  thrust  bearing,  which  supports  the  weight 
of  the  revolving  part  may  be  mounted  on  top  of  the  gen- , 
erator  frame,  between  the  generator  and  turbine,  or  un- 
derneath  the  turbine.  In  case  it  is  mounted  on  top  of  the  ■ 
generator  frame,  this  frame  must  be  heavier  and  more 
expensive  than  where  it  has  only  to  support  the  stator 
punchings.  winding  and  guide  bearings.  \Ylierever  placed, 
this  beariug  usually  supports  not  only  the  rotor  of  the 
generator,  but  also  the  turbine  runuer,  and  in  addition 
takes  care  of  any  unbalanced  water  thrust. 
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A  rigid  cast-iron  frame  into  which  soft  steel  laniina- 
-311S  are  securely  dovetailed,  forms  the  basis  of  the  stator. 
i^rm-wound,  interchangeable  armature  coils  are  held  in 
leii  slots  by  means  of  fiber  wedges.  The  coils  are  vac- 
1111  dried  and  impregnated  before  the  outside  insulation 
applied.  This  outside  insulation  consists  of  wrappings 
.  paper  and  mica  on  the  straight  parts  of  the  coils 
liich  lie  in  the  slots,  and  servings  of  treated  cloth  over 


LA3ii\ATED-Rni  Rotor  without 
Field  Polks 


voltage  disturbances  at  the  busbars  o<'cur,  reactances 
should  bp:  installed  in  the  feeder  circuits  on  the  line  side 
of  the  oil  switches  and  in  special  cases  between  busbar 
sections. 

3.  In  all  outgoing  feeder  circuits,  overload  relays  of 
suitable  time  characteristics  should  be  installed. 

(a)  Instantaneous,  on  simple  load  distribution  lines 
but  normally  used. 

(b)  Inverse  time  element,  on  overhead  or  under- 
ground transmission  lines. 

(c)  Definite  time  element,  in  special  cases  on  lines 
where  conditions  may  demand  the  maintenance  of  power 
supply  at  all  hazards. 

(d)  Reverse  energy  or  current,  on  important  tie  lines 
and  in  switching  or  substations. 

4.  Install  reverse  energy  or  current  relays  on  genera- 
tor oil  switches,  or  preferably  on  large  generators  use  an 
adaptation  of  the  Merts-Priee  system. 

5.  Use  proper  lightning-arrester  equipment  in  all  out- 
going overhead  feeders  and  in  addition  thereto,  in  special 
cases,  directly  on  the  bus. 

6.  Use  mechanical  or  electrical  interlocks  to  prevent 
improper  switching. 

7.  Grounded  neutral,  preferably  with  resistance,  may 
lie  employed  to  advantage,  es])ecially  in  conjiection  with 
underground     lines     subject     to     frequent     high-voltage 


le  T-shaped  coil  ends.  After  the  outside  insulation  is 
ipplied  the  coils  are  treated  with  an  insulating  varnish 
hich  renders  them  moisture-  and  oil-proof.  An  insulat- 
ig  cell  is  jDrovided  in  each  armature  slot  to  prevent 
ibrasion  of  the  coil  and  a  fiber  wedge  holds  the  coils 
jud  cell  firmly  in  position. 

!  There  are  several  designs  of  rotors,  each  especially 
lanled  to  the  requirements  for  which  it  is  used.  Com- 
aiatively  low  peripheral  speeds  may  permit  the  use  of  a 
ast-iron  spider  with  either  bolted-on  or  dovetailed  poles, 
higher  speed  generator  may  demand  an  entirely  differ- 
lit  construction.  For  such  work  cast-steel  or  rolled-steel 
lates  are  often  employed.  In  case  of  very  large  ma- 
liines,  it  may  be  difficult  to  obtain  perfect  castings,  and 
ere  the  well  proved  laminated-rim  type  of  construction 
[iiay  be  employed. 

1  Field  coils  are  ordinarily  wound  with  heavy  copper 
pap  on  edge  and  insulated  between  turns  with  asbestos. 
Phis  construction  is  well  adapted  to  give  perfect  radiat- 
[ig  qualities  and  because  of  the  heavy  strap  used  is  prac- 
fcally  indestructible.  The  coils  are  securely  fastened 
etween  the  rotating  spider  and  the  projecting  tips  of 
re  field  poles  by  heavy  coil  supports. 
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Power-House  Protection 

The  committee  on  power  generation  of  the  American 
jlectric  Railway  Engineering  Association  recommends 
lie  following  arrangements  to  protect  power  ])lants  from 
tiutdowiis. 

1.  In  all  central  stations,  sufficient  reactance  should 
e  provided  in  the  generator  circuit  (either  inherent  in 
he  generator  or  including  external  reactance)  to  limit 
he  short-circuit  current  to  a  value  wliidi  the  ajij^aratus 
0  be  protected  can  safely  withstand. 

2.  Ill   stations    of   large   capacity   or  where  excessive 


of  Great  Falls,  Mont.  The  ]mwcr  JKnise  when  completed 
will  contain  six  units,  each  of  l."i.(i()()  hp.,  or  a  total  of 
•OO.noo  hp.  at  a  nia.ximiiiii  liead  (.f  15:;  ft. 


<;eiieriitor  for  Use  with  DieNel  KnKrlnes — Because  of  the 
nonuniform  turning  moment  of  an  internal-combustion  engine, 
necessitating  a  big  flywheel  effect,  says  "The  Engineer."  of 
London,  the  Oerlikon  Co.  has  recently  developed  a  new  form 
of  alternator  for  coupling  to  Diesel  engines.  It  is  built  on 
the  "outer  pole"  principle,  that  is,  instead  of  the  field  mag- 
nets revolving  inside  the  armature  they  revolve  outside  of  it. 
Hence,  for  a  given  rim  weight  the  flywheel  effect  is  greater, 
in  direct  proportion  to  the  squares  of  the  diameters  of  the 
wheels,   than   that  of  the  ordinary  t\'pe   of  flj'wheel  alternatui'. 
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Sizing  Pipe  for  Gravity   Hot-Water 
Heating 

The  f.ccompanviii.a'  I'hart  has  Ijeeii  used  with  success 
by  M.  S.  Cooley  in  delermining  the  size  of  pipe  for 
.aravity  hot-water  heating  systems.  All  of  the  variables 
appear  in  the  chart,  and  the  resiilt,  that  is,  the  size  of 
pipe,  may  be  read  directly.  No  computations  are  neces- 
sary. The  derivation  of  this  chart,  which  is  plotted  on 
logarithmic  paper,  and  the  method  of  using  it,  was  made 
the  subject  of  a  paper  read  before  the  American  Society 
of  Heating  and  Ventilating  Engineers  at  Buffalo.  Pass- 
ijig  over  the  derivation,  the  instructions  for  the  use  of 
the  chart,  as  given  by  the  aulhor,  follow: 

One-Pipe  .SY8TE.\i — Maix  in  Basement 

Radiator  tappings,  branches  and  risers:  First  ascertain 
the  distance  from  the  bottom  of  the  flow  main  to  the  toii 
of  the  radiator.  Find  this  number  at  the  base  of  the 
table  and  follow  vertically  to  the  intersection  of  the  line 
inclined  toward  the  right  near  the  top  of  the  table  cor- 
responding to  the  dift'ercnce  of  temperature  desired  be- 
tween flow  and  return  connections  to  the  radiator.  Now 
follow  the  horizontal  line  ])assing  nearest  to  this  inter- 
section toward  the  left  until  it  intersects  the  dotted  line 
inclined  toward  the  right,  and  corresponding  to  the 
length  of  connections  from  the  main  to  the  radiator 
and  back  plus : 

For  each  long-turn  elbow  or  gate-valve.  5  ft. 

For  each  short-turn  elbow  or  angle-valve,  10  ft. 

For  each  globe  valve,  30  ft. 

Now  follow  the  vertical  line,  passing  nearest  to  this 
intersection  to  its  intersection  with  the  horizontal  line 
ojiposite  the  figure  in  the  left-hand  margin  corresponding 
to  the  amount  of  radiation  to  be  supjilied,  and  the  solid 
diagonal  line  inclined  toward  the  right  that  passes  above 
this  intersection  is  the  size  of  pipe  required. 

Example:  Elevation,  6  ft.;  temperature  difference,  15 
deg. ;  equivalent  lengtli,  50  ft. :  radiation,  100  sq.ft.  What 
size  of  pipe  is  required? 

Follow  the  line  from  (i  at  the  base  of  the  table  to 
the  intersection  with  the  diagonal  15  deg.  They  intersect 
on  horizontal  line  2800:  then  follow  line  2800  to  inter- 
section with  dotted  diagonal  50.  From  this  intersection 
drop  down  to  the  horizontal  line  100.  The  solid  diagonal 
inclined  toward  the  right  above  this  intersection  is  2  in. ; 
therefore  a  2-in.  pipe  will  be  required. 

There  is  still  to  determine  the  head  necessary  to  pro- 
duce velocity.  To  obtain  this  find  the  diagonal  line  in- 
<lined  toward  the  left  passing  nearest  to  the  intersection 
(if  diagonal  2  and  hcn-izontal  100.  This  is  10,  the  con- 
stant for  velocitv  hi'nd.  Follow  horizontally  from  the 
ligure  in  the  right  nuirgiu  near  the  bottom  coiTCspond- 
ii'ig  to  this  constant  to  its  intersection  with  the  lower 
diagonal  15  deg.,  and  the  head  to  produce  this  velocity 
is  found  in  the  lower  margin.  In  this  case  it  is  0.14  ft. 
This  must  be  added  to  the  friction  head.     In  nearly  all 


I 


gravity   work    this    \(docity    head    is   so   small    it    may" 
neglected. 

If  it  is  desired  to  know  the  pressure  in  (junces  pe 
square  inch  equivalent  to  this  head  and  temperature  dil 
ference,  follow  the  vertical  6  at  the  bottom  of  the  chai 
to  its  intersection  with  the  broken  diagonal  15  deg.,  nea 
the  center  of  the  table.  Then  follow  the  horizontal  liii 
to  the  right  margin,  where  tlie  pressure  in  ounces  pe' 
square  inch  is  found  to  be  0.2. 

To  ascertain  the  size  of  main,  use  the  distance  of  th 
flow  main  at  its  lowest  point  to  the  bottom  of  the  boile 
as  elevation,  and  the  length  of  the  main  from  the  boile' 
back  to  same  plus  allowance  for  elbows,  valves,  etc.. 
equivalent  length.  Use  a  drop  greater  than  that  assume 
through  the  radiator,  and  proceed  as  explained  for  th 
radiator. 

Two-Pipe  BEVEii.SED  Ciuculation  SYSTEii 
With  the  flow  main  in  the  basement,  measure  th 
total  water  travel  from  the  boiler  to  the  first-story  ra 
ator  and  back  to  the  boiler,  plus  allowance  for  fitting 
as  equivalent  length.  Use  the  distance  from  the  bottor 
of  the  boiler  to  the  top  of  the  first-floor  radiator  a 
elevation.  Ascertain  sizes  for  the  first  fioor.  In  a  lik 
manner  ascertain  sizes  for  the  second  floor,  third  fimii 
etc.  Now  combine  tliese  sizes  into  a  single  pipe  li;i\iii: 
equal  carrying  capacity  in  the  following  manner; 

Note  the  flgure  on  the  left-hand  margin,  correspond 
ing  with  the  intersection  of  the  diagonal  for  each  pip 
size.  Take  the  sum  and  the  pipe  diagonal  intersectin; 
the  margin  at  this  sum  is  the  size  desired. 

Example:  Take  two  1-in.,  three  11,4  in.,  and  one  ly^ 
in.  pijies  and  find  a  pipe  of  equivalent  carrying  capacitv 

Pipe,  in.  Intersection  Number 


This  neglects  velocity  head  and  is  permissible  for  grav 
ity  work  only.  If  the  system  is  not  laid  out  to  give  equa 
water  travel  to  each  radiator  then  ascertain  the  pipe  siz 
for  each  equivalent  length  and  find  the  pipe  of  equivalen 
cai'rying  capacity  to  ihe  sum  of  pipes  it  serves. 

Often  there  are  two  pipes  to  equalize,  neither  of  whicl 
is  fully  loaded,  and  if  they  are  equalized  as  in  the  fore 
going  too  large  a  pipe  will  be  obtained.  In  such  caset 
and  it  is  better  to  in  all  cases,  run  imaginary  lines  fron 
I  he  intersection  by  which  the  pipe  size  was  determined 
parallel  to  the  pipe-size  diagonals  to  the  margin  am 
add  the  quantities  so  found  to  deternune  the  equivalen 
pipe  size. 

Example :  Elevation,  6  ft. :  temperature  difference.  !• 
deg.;  length,  50  ft.;  radiation,  100  sq.  ft.;  2-in.  pip 
required.  Elevation.  20  ft.;  temperature  difference,  !■ 
deg.;  length.  75  ft.:  radiation,  100  sq.  ft.:  fi/o-in.  pip 
required. 

To  combine  a  li/2-in.  and  a  3-in.  ])i]ie  will  rcquir 
29  -{-  62  =  91  =  2V2-i"-  pipe. 
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Projecting  the  imaginary  diagonals  gives  23  -(-  39  = 
,  so  that  a  2-in.  pipe  is  sufficient. 
By  noting  the  intersection  of  the  imaginary  diagonal 
th  the  margin  at  each  determination,  as  well  as  the 
)e  size,  the  combining  can  be  quickly  and  correctly 
■omplished  by  addition  of  these  notations. 

OvEiiHKAD  SrsT?:M — -Single-Pipe  Deops 
(Jsc  one-half  the  vertical  distance  from  the  flow  main 
the  bottom  of  the  liuiler  as  the  head.     Make  the  drops 


the  same  size  for  the  entire  length  and  large  enough  to 
supply  the  total  radiation  on  such  drop.  Use  the  tem- 
perature difference  for  the  system  divided  by  the  numlxjr 
of  stories  heated  as  the  temperature  difference  for  each 
radiator  in  determining  the  size  of  radiator  connections. 
Use  the  total  water  travel  from  the  boiler  back  to  same 
l)lus  allowance  for  elbows,  valves,  etc.,  as  equivalent 
length.  If  all  drops  do  not  have  the  same  water  travel 
determine    the    size    of   the    main   to    supply    each   drop 


Length  of  Main  in  Feet 
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Elevation  of  Rc^id inter, Feet  Above  Return 
Chart  ion  Sizix(;  (Ihavity  Hot-Water  Hi'atixg  Pipes 
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I  piiratc'ly  nixl  conibiiiL',  as  herein  directed,  to  deteriuiiie 
.'.'  size  of  tlie  main. 

<t\ii:ui-.VD    SrsTKM — DouBLE-PirE    Dr.ors    and    Dkoi» 
Insulated 

Use  the  distance  l'ron\  tlie  top  of  the  radiator  to  the 
lidttom  of  the  boiler  as  tlie  elevation  for  that  radiator, 
and  the  total  distance  from  the  boiler  to  the  radiator 
liack  to  the  boiler,  plus  allowance  for  elbows,  etc.,  as  the 
equivalent  length.  Ascertain  the  size  of  pipe  for  eacii 
story  separately  and  combine  into  pipe  of  equivalent 
capacity.  If  drops  do  not  have  the  same  water  travel 
determine  the  size  of  the  main  to  supply  each  drop 
."Separately  and  combine  to  determine  the  size  of  the  main. 

In  event  the  drops  or  risers  in  any  system  are  exposed 
in  the  rooms  there  will  be  a  certain  amount  of  coolin.i:^ 
in  the  risers,  which  is  hard  to  determine.  This  will  tend 
to  aid  circulation  in  an  overhead  system  and  retard  cir- 
<nlatioii  in  a  system  with  flow  mains  in  the  basement. 


Air  Washer  vs.    Centrifugal    Collector 
on  Dust-Collecting  Systems 

L5y  James  D.  White 

In  the  ordinary  dust-coUccting  system  a  large  amount 
of  warm  air  is  removed  from  the  room  containing  the 
machines.  The  removal  of  this  air  is  necessary,  since 
for  a  material  of  given  weight  and  character  a  definit>' 
number  of  cubic  feet  of  air  is  required.  During  the 
months  of  the  year  when  heat  is  not  required  the  dust- 
removing  sy.stem  performs  useful  functions  in  addition  to 
removing  the  dust  by  providing  ventilation  for  the  room. 
In  the  cold  weather,  however,  this  ventilation  is  provided 
at  the  expense  of  the  heat  required  to  raise  the  tempera- 
ture of  the  air  leaking  into  the  room  to  the  normal  tem- 
perature maintained  in  the  room.  In  certain  cases  build- 
ings have  a  surplus  amount  of  heat,  due  to  manufactur- 
ing processes,  m  which  case  no  additional  expense  would 
lie  incurred  by  the  removal  of  the  warm  air  from  the 
building.  As  a  usual  thing  this  extra  heat  has  to  be  pro- 
vided at  the  expense  of  furnishing  additional  radiation 
an  the  building. 

To  form  an  opinion  of  ihe  relative  merits  of  the  two 
systems,  viz.,  air  washer  and  centrifugal  collector,  the 
following  calculations  were  made  for  a  typical  exhaust 
system  Irom  roll  machines  in  a  rubber  factory. 

As  a  basis  of  calculation  it  was  assumed  that  the  cost 
of  the  fan,  piping,  erection  and  freight  would  be  the  same 
for  either  system,  also  that  the  friction  through  the  air 
washer  would  place  the  same  resistance  on  the  fan  as  the 
friction  in  the  dust  collector. 

The  apparatus  was  designed  to  remove  the  dust  from 
18  machines,  each  provided  with  a  7-in.  connection.  As- 
suming a  suction  of  2  m.  of  water  at  the  hood  and  a  co- 
efficient of  influx  of  0.70,  a  velocity  of  -iOOO  ft.  per  min. 
would  be  required  in  the  7-in.  connections. 

The  area  of  a  7-in.  pipe  is  38.5  sq.in.,  or  0.367  sq.ft., 
and 

0.2G7  X  -iOOO  =   10G8  cn.ft. 
of  air  per  min.  per  connection.    Then 

1068  X  18  =  10,224  cii.fl.  per  min. 
or  1,15.3,440  cu.ft.  per  hr.     The  heat  required  to  raise 


1,1.03,110  cu.fl.  of  air  per  hour  from  zero  to  O.'.  i\,- 
would  be 

1,153,440  X  65  ono-,^r   p,  , 
^ =  1,363,156  B.l.v.  per  hr. 

With  an  air  washer  in  use  this  air  could  be  recirculate 
at  nearly  a  constant  temperature.  If  a  dust  collectc 
were  used  the  air  and  heat  would  be  thrown  away. 

With  steam  at  5  lb.  gage  pressure  it  would  require  1 
supply  the  above  loss  in  heat 

060 

of  .'^ti'aiii  |)i'r  lioiir.     The  transmission  from  pijie  coils 

••ibont  Mitd  I'.t.u.  per  sq.ft.  of  surface  ]ier  hour.     Thena 

1,363,156        .,,,         .^  1 

-Im^  =  4544  .s.y,//.  f 

of  pipe  coil  would  be  necessary  to  .'^iqiply  the  heat  was 
under  maximum  conditions. 

Dividing  the  pounds  of  steam  required  per  Imur  1 
34.5  gives  41  hp.  in  boiler  capacity  necessary  to  supj) 
steam  to  the  coils.  At  $12  per  horsepower  installed  tl 
boilers  would  cost  $492.  A  conservative  price  for  pi; 
coils  is  25c.  per  sq.ft.,  which  would  amount  to  $11.' 
for  the  total  amount  of  extra  radiation. 

The  cost  of  a  dust  collector  for  the  above  work  is  $30 
The  cost  of  a  suitable  air  washer  is  $875.  The  air  wash 
would  be  driven  by  a  3-hp.  motor  and  assuming  an  ef 
ciency  of  80  per  cent,  for  the  motor,  an  input  of  3.75  h 
or  2.8  kw.  would  be  required.  If  the  plant  were  operab 
10  hr.  per  day  for  300  days  per  year,  the  cost  of  electric! 
for  running  the  air-washer  pump  with  current  at  ii 
]ier  kw.-hr.  would  be 

300  X  10  X  0-03  X  2.8  =  $252  j 

A  conservative  figure  for  coal  consumption  is  65  '/ 

of  coal  per  year  per  square  foot  of  direct  radiation.  T 

fuel   consumption  W'ould,   therefore,   be : 

4544X65       ^,^_ 

— ^QQQ—  =  1-1^-<J  tons  per  year 

At  $3  per  ton  the  cost  of  extra  fuel  would  Ije  $4-; 
The  cost  of  using  a  collector,  exclusive  of  the  parts  coi 
mon  to  both,  would  be 

Dust    collector    $! 

Boiler     

Coils   

Total    $li 

Deducting  the  cost  of  the  air  washer,  which  is  $81 
leaves  $1053,  which  is  the  balance  in  favor  of  an  i 
washer.  Interest,  repairs  and  depreciation  at  15  per  cei 
would  amount  to  $158. 

The  excess  cost  per  year  of  the  system  using  a  c 
lector  would  be : 

Interest   and   depreciation % 

Fuel    

Total    V 

Deduction  for  running  pump 

Balance     J- 

This  is  the  net  saving  per  year  in  favor  of  the  systt 
using  an  air  washer. 

With  a  suitable  screen  for  straining  the  water  rec 
culatiou  can  be  employed,  involving  a  small  outlay  : 
water.  Slightly  greater  expense  for  attendance  may 
necessary  with  a  system  using  an  air  washer  over  a  s 
tern  using  a  collector.  This,  however,  would  be  a  sm 
item.  It  would  appear  that  a  substantial  profit  can 
made  bv  usini>:  the  air  washer. 
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Application  of  the  Nitrogen-Filled 
Lamp 

With  the  annoiuicemont  of  niiother  important  develop- 
ment in  the  field  of  electric  lighting,  namelj',  the  half- 
watt  tungsten  lamp,  the  question  arises  as  to  what  ex- 
tent it  will  displace  the  less  efficient  types  now  in  use. 

At  present  there  seems  little  likelihood  that  it  will  be 
applied  to  the  smaller  sizes,  that  is,  forty  watts  and  un- 
der, which  constitute  about  seventy-five  per  cent,  of  the 
tungsten  lamps  now  in  use.  In  these  sizes  the  life  of  the 
lamp  is  determined  more  often  by  l)reakage  of  the  fila- 
ment than  by  evaporation  of  the  tungsten  and  consequent 
bhickening  of  the  bulb.  Moreover,  laboratory  experi- 
ments indicate  that  with  the  smaller  nitrogen-filled  lamps, 
the  additional  heat  losses  due  to  conduction  and  convec- 
tion more  than  olfset  the  saving  due  to  decreased  evap- 
oration of  the  filament.  It  is  only  where  filaments  of 
greater  diameter  are  used  that  the  reverse  is  true. 

Being  confined,  then,  for  the  present  at  least,  to  the 
large  sizes,  the  fiekl  for  tlie  new  lamp  will  probably  bo 
in  street  lighting,  hall  lighting,  and,  in  fact,  wherever 
units  of  high  candlepower  are  required.  Already  a  lamp 
with  a  specially  wound  filament  of  high  light  concentra- 
tion has  been  devised  for  lantern  use.  Owing  to  the  steadi- 
ness of  the  light  it  appears  better  adapted  for  this  service 
than  tlie  arc  and  leaves  the  o])erator  free  to  give  his  en- 
tire attention  to  the  slides  or  film. 

To  wliat  extent  the  new  lamp  will  displace  the  arc 
lamp  for  street  lighting  would  be  difficult  to  predict.  Be- 
ing a  close  competitor  it  will  undoubtedly  put  the  arc- 
lamp  manufacturers  on  their  mettle  and  we  may,  there- 
fore, expect  furtlier  improvements  in  this  type. 

We  understand  that  the  General  Electric  Co.  has  fnuiid 
the  argon-filled  lam])  even  more  efficient  than  the  nitro- 
gen-filled, and  as  soon  as  a  comparatively  inexpensive 
means  of  jiroducing  tliis  clement  in  large  quantities  is 
devised  it  contemphites  putting  these  lamps  on  the  mar- 
ket. 

Boiler  Explosions 

Boiler  explosions  nuiy  not  be  more  common  than  hcrc- 
tofoi'e,  but  they  are  certainly  more  numerous  than  they 
need  be.  Many  users  of  steam  boilers  do  not  know  what 
an  immense  amount  of  energy  is  contained  in  even  a 
small  boiler  and  they  therefore  take  risks  and  compel 
others  to  take  risks  that  are  frequently  entirely  need- 
less. Further,  the  men  who  pay  the  bills  are  not  usually 
around  the  boiler  very  much  and  the  danger  is  even  less 
real  to  them  than  it  would  be  if  they  were  where  they 
could  hear  escaping  steam  and  see  the  hot  fire  under  the 
boiler.  They,  therefore,  compel  the  man  whose  bread 
and  butter  depends  on  his  ability  to  hold  his  Job,  to  take 
the  risk.  Frequently  he  does  not  dare  say  very  much 
because  he  would  be  likely  to  lose  his  position  if  he  did. 

There  seems  to  be  no  single  remedy  that  will  eliminate 
this  danger  as  completely  as  it  can  be  eliminated.     If 


nil  jjossible  remedies  could  be  coordinated,  the  best  re- 
sults would  be  obtained  and  the  number  of  boiler  acci- 
dents would  be  reduced. 

Two  instances  may  be  related,  one  in  which  the  boiler 
exploded  and  the  other  in  which  it  did  not  explode 
though  it  certainly  had  more  than  ample  provocation, 
which  illustrate  two  more  sides  to  the  danger  of  boiler 
explosions. 

A  short  time  ago  Power  told  of  a  boiler  explosion  that 
was  certainly  preventable  and  of  which  the  owner  had 
ample  warning.  It  was  a  portable  boiler  having  an  in- 
ternal-flue furnace.  The  furnace  had  bagged  and  the 
boiler  was  taken  to  a  shop  for  repairs,  but  the  repairman 
refused  to  make  them  on  account  of  the  dangerous  condi- 
tion of  the  boiler.  The  owner,  therefore,  pushed  the 
bagged  sheet  back  into  place  while  the  metal  was  cold. 
after  which  the  engineer  became  so  convinced  that  tin- 
l)oiler  was  unsafe  that  he  gave  up  his  job.  Some  time 
afterward  the  boiler  exploded. 

On  another  page  is  related  an  experience  quite  the  re- 
verse where  the  owner  took  the  boiler  out  of  commission 
when  warned  of  its  dangerous  condition  and  no  explosion 
resulted.  The  remarkable  feature  is  that  the  boiler — a 
very  old  one  and  badly  abu.sed — had  not  exploded  long- 
before  the  repairman  was  called  in. 

Both  of  these  instances  prove  the  need  of  laws  com- 
))elling  the  inspection  of  steam  boilers  and  the  employ- 
ment of  competent  licensed  men  to  operate  them. 


Interest  in  Educational  Work 

Criticism  of  the  report  of  the  Educational  Committee 
of  the  National  Association  of  Stationary  Engineers  was 
invited  in  an  editorial  in  the  October  number  of  the 
National  Engineer.  We  take  this  occasion  not  to  criticize 
Init  to  offer  friendly  and  well  intentioned  comment  on  the 
report. 

The  National  Assdciation  of  Stationary  Engineers  sur- 
passes all  others  comjiosed  of  operating  power-plant  en- 
gineers. The  membership  totals  more  than  twenty-one 
thousand,  and  its  chief  aim,  as  stated  in  its  preamble, 
is  to  give  preference  at  all  times  to  the  education  of  en- 
gineers. 

The  Educational  Committee  and  its  Advisory  Board 
planned  and  put  forth  some  excellent  educational  schemes 
last  year.  The  sets  of  prize  questions,  including  two  ad- 
vanced and  two  elementary  sets  for  which  a  total  of  five 
hundred  and  ten  dollars  was  offered  for  the  best  twelve 
sets  of  answers,  three  of  the  prizes  being  offered  for  each 
.set,  were  very  good.  The  prizes,  too,  were  substantial, 
ranging  from  twenty  dollars  for  the  lowest  to  seventy- 
five  for  the  highest  prize.  But  the  committee  reports 
that  only  a  total  of  fifty-one  members  entered  the  con- 
tests. Out  of  over  twenty-one  thousand  engineers,  ail 
of  whom  would  be  benefited  by  competing  in  such  woi'k. 
only  fifty-one  responded — twenty-four  one-hundredths  of 
one  per  cent,  of  the  membership ! 
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The  conimittee  also  reported  that  of  the  three  ImiKlrud 
and  forty  or  more  associations,  only  three  entered  the 
contest  for  the  four  prizes  offered  for  meritorious  eduea- 
tional  work,  although  the  contest  was  advertised  twice. 
There  is  no  excuse  for  this  wholesale  inditference  to  the 
opportunities  for  power-plant  education  ottered  by  the 
committee. 

Surely  there  never  was  a  time  when  power-plant  engi- 
neers needed  to  devote  themselves  more  closely  to  engi- 
neering education  than  the  present.  This  is  not  solely 
because  of  the  activities  of  the  central  stations,  but  be- 
cause modern  methods  are  forcing  the  engineer  to  realize 
that  the  dollar  has  the  same  value  in  the  power  end  of 
the  establishment  that  it  has  elsewhere.  These  conditions 
demand  that  engineers  shall  be  better  men  technically 
than  their  fellows  of  yesterday.  This  knowledge  must  be 
acquired  by  most  men  through  home  study.  Why,  then, 
do  so  numy  members  of  engineering  organizations  re- 
main indifterent  to  the  advantages  offered  by  the  educa- 
tional committees  ? 

If  it  is  because  the  men  do  not  realize  that  conditions 
affecting  them  and  their  work  are  changing,  then  let 
efforts  be  directed  toward  making  them  realize  that  they 
are.  If  it  is  because  those  that  show  indifference  show 
it  willfully  and  refuse  to  be  stimulated  to  action  by  proper 
educational  methods,  then  it  would  seem  that  money  ap- 
])ropriated  for  educational  purposes  is  practically  thrown 
away. 

Membership  in  engineering  educational  bodies  should 
denote  progressiveness  on  the  part  of  the  members.  Let 
each  man  manifest  more  of  this  spirit  during  the  com- 
ing season  than  was  shown  during  the  season  just  passed. 

Tied  to  the  Plant 

In  a  letter  published  on  anotlier  page,  the  writer  says: 
"1  have  kno^^-n  chief  engineers  who  have  not  taken  a 
vacation  in  from  ten  to  tifteeen  years.  In  one  instance 
the  chief  engineer  had  not  been  twelve  blocks  from  his 
power  house  in  six  years."  lie  wants  to  know  the  reason 
why. 

if  we  were  to  hazard  a  guess  it  would  be  that  the  en- 
gineer believes  he  is  the  only  man  capable  of  running 
the  plant,  or  else  he  has  not  .surrounded  himself  with 
men  who  can  work  out  of  commonplace  difficulties,  which 
in  nine  cases  out  of  ten  is  his  own  fault. 

When  an  engineer  has  grown  up  with  a  steam  plant 
and  has  seen  all  of  the  apparatus  installed  to  the  small- 
est pipe  line,  it  is  natural  that  he  should  feel  he  knows 
the  layout  better  than  any  other  man.  He  cannot  bring 
himself  to  admit  that  an  experienced  engineer,  in  a  few 
months,  can  so  familiarize  himself  with  the  operating 
conditions  that  the  chief's  presence  is  not  necessary  to 
keep  things  moving. 

When  a  chief  engineer  reaches  the  stage  where  he  feels 
the  plant  cannot  run  without  him  he  is  not  only  deluding 
himself,  but  is  not  giving  his  assistants  credit  for  much 
intelligence.  It  is  easy  to  get  into  this  way  of  thinking, 
but  it  is  seldom  justifiable.  Every  man  has  his  own  way 
of  doing  a  thing.  Because  it  is  not  the  way  the  chief 
would  do  it  does  not  necessarily  mean  that  it  is  not  an 
economical  or  workmanlike  way.  Every  chief  should 
give  his  men  the  right  to  think  for  themselves  and  do 
their  work  in  their  own  way,  so  long  as  the  desired  re- 
sults are  obtainccl. 


One  chief  engineer  nl  ;i  large  central  station  slated 
that  he  lived  too  near  the  plant  for  his  own  good  or  that 
of  his  men.  Whenever  anything  went  wrong,  someone 
would  rush  to  his  house,  regardless  of  the  time  of  night, 
and  get  him  down  to  the  plant  to  hel])  or  advise  thcui, 
when,  had  he  ii\ed  at  a  distance,  the  men  would  have 
got  out  of  their  trouble  alone.  A  chief  engineer  .should 
train  his  men  to  act  for  themselves  and  so  long  as  they 
are  doing  the  right  thing,  let  them  alone. 

If  a  child  were  always  carried  it  would  never  learn  to 
walk.  Just  so  with  the  engineer.  Give  him  a  free  hand 
and  there  will  be  no  reason  why  the  chief  cannot  take  a 
vacation  or  go  any  number  of  blocks  from  his  plant. 

Another  reason  for  keeping  close  to  the  plant,  perhaps 
more  weighty  with  some  chiefs,  is  the  fear  that  their  as- 
sistants will  get  their  jobs.  A  man  who  knows  his  busi- 
ness need  have  no  such  fear;  if  he  does  not  know  his 
business,  a  change  will  eventually  occur  anyway.  Further, 
a  chief  who  labors  under  such  misgivings  cannot  do 
justice  to  either  himself  or  to  his  men.  Suspicion  will  be 
directed  to  every  movement,  which  will  be  detected  by 
the  men  and  unfriendly  feelings  will  develop. 

Every  steam  plant  requires  a  chief  engineer.  His  po- 
sition is  to  direct,  not  act  as  emergency  repair  man.  If 
his  assistants  are  given  to  understand  they  are  to  get 
out  of  their  o'mi  troubles,  it  will  not  he  long  before  they 
will  stop  calling  the  chief  every  time  a  water  glass  breaks, 
t'onfidence  in  themsehes  will  make  them  better  engineers  i 
and  capable  of  running  the  plant  under  ordinary  condi- 
tions. The  chief  can  then  take  his  vacation  and  go  as 
far  as  he  likes. 


Among  many  engineers  there  arises  discussion  as  to 
the  incidents  surrounding  the  origination  of  the  term 
horsepower  as  api)lied  to  the  steam  engine.  The  follow- 
ing quotation  from  "Farey  on  the  Steam  Engine,"  piil'- 
lished  in  1827,  will  be  welcomed  by  many.  Mr.  Farcv 
was  a  personal  friend  of  Mr.  Watt  and  lived  during  the 
time  that  the  steam  engine  was  being  developed  from  a 
machine  utilizing  the  pressure  of  the  atmosphere  on  the 
]iiston  to  an  engine  using  steam  above  atmospheric  pres- 
sure and  expansively  in  one  or  more  cylinders. 

The  machinery  in  the  great  breweries  and  distilleries  in 
London  "was  then  moved  by  the  strengrth  of  horses,  and  Ut- 
propi'ietors  of  those  establishments,  who  were  first  to  reqiiiri 
Mr.  Watt's  engines,  always  inquired  what  number  of  hors  s 
an  intended  engine  would  be  equal  to. 

In  consequence,  Mr.  Watt  made  some  experiments  on  the 
strong  horses  employed  by  the  brewers  in  London,  and 
found  that  a  horse  of  that  kind,  walking  at  the  rate  of  -'; 
miles  per  hour,  could  draw  150  lb.  avoirdupois  by  means  '  f 
a  rope  passing  over  a  pulley,  so  as  to  raise  up  that  weiahi. 
with  a  vertical  motion,  at  the  rate  of  220  ft.  per  minute.  This 
exertion  of  mechanical  power  is  equal  to  33,000  lb.  (or  528 
cu.ft.)  of  water  raised  vertically  through  a  space  of  1  ft.  per 
minute,  and  he  denominated  it  a  horsepower,  to  serve  for  a 
measure  of  the  power  exerted  by  his  steam   engines. 

This  estimate  is  much  beyond  the  capacity  of  the  a\' 
age  strong  horse.     Smeaton  and  other  early  engineer,- 
timated  that  22,000  lb.  per  min.  was  more  accurate. 


The  fireman  who  said,  "Boss,  what  C0„  percentage  ilo 
you  want  today?"  may  have  known  his  business,  but  the 
one  who  blew  water  to  the  sewer  through  the  water-cohium 
drain  because  he  was  receiving  a  bonus  based  on  capacity 
as  indicated  by  the  feed-water  meter  was  not  particular- 
Iv  dense. 
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Engineers'  Wages 


Keferring  to  the  question  of  eugineers'  wages,  prob- 
ably e\'eryone  concerued  knows  that  the  average  operat- 
ing engineer  is  paid  less  than  an  ordinary  pipe  fitter  with 
ihe  disadvantage  that  his  time  is  hardly  ever  his  own. 

He  never  knows  whether  he  will  be  able  to  get  away 
m  his  day  ott'  or  not.  lie  is  subject  to  eall  any  hour 
)f  the  night,  if  an  oil  eup  stops  up. 

I  have  known  chief  engineers  who  have  not  taken  a 
racation  in  from  10  to  15  years.  In  one  instance  the 
.•hief  engineer  had  not  been  twelve  blocks  from  his  power 
^ouse  in  six  years. 

What  makes  a  man  do  this?  Not  his  salary,  surely. 
It  must  be  that  he  likes  his  profession,  or  is  mentally  de- 
icient. 

I  am  with  a  company  which  makes  nearly  all  kinds  of 
arge  power  nmchiiiery.  1  \isit  a  number  of  medium- 
dzed  and  small  plants  each  year.  From  what  I  see,  it  is 
I  wonder  that  the  central  stations  have  not  closed  down 
nore  small  [dants  than  they  have.  A  large  percentage  of 
hem  certainly  have  no  right  to  exist  under  their  present 
ystem  of  operation. 

Take  the  case  of  the  gas  engine.  The  success  or  failure 
if  a  gas-engine  installation  depends  90  per  cent,  upon 
he  operating  crew.  They  .should  be  on  the  job  every 
ninute,  anticipating  trouble,  meeting  it  half  way.  A 
team  engine  will  run  with  the  valve  setting  out,  without 
ill  for  hours  at  a  time,  without  serious  immediate  trouble, 
rhe  gas  engines  demands  constant  attention,  it  either 
uns  with  economy  or  not  at  all.  This  is  especially  so 
ti  some  cases  of  producer-gas  engines. 

Power  machinery  is  usually  sold  under  a  year's  guar- 
.ntee.  This  has  spoiled  a  lot  of  engineers.  It  is  safe  to 
ay  that  gas-engine  builders  ha\'e  more  trouble  about  that 
me  year's  operation  than  the  builders  of  steam  prime 
riovers.  The  operating  engineer  gets  into  the  habit  of 
lutting  his  troubles  up  to  the  builder;  he  does  not  worry 
Quch  about  them.  One  chief  engineer  saw  his  plant  only 
ince  a  week  for  the  year  during  which  time  the  builders 
iperated  it.  When  the  year  expired,  his  company  had  to 
louble  the  number  of  gas  engines  to  get  continuous 
ervice. 

Repeatedly  the  builders'  engineers  travel  hundreds  of 
tiiles  to  make  some  slight  adjustment  which  the  operat- 
ng  man  could  do  equally  well  if  he  were  "on  the  job." 

A  company  in  the  South  bought  three  300-kw.  gas  en- 
!inGS,  The  engines  ran  beautifully  while  the  builder's 
ngineers  were  in  the  plant,  but  a  year  later,  after  a 
eries  of  troubles  nearly  all  of  which  could  be  traced  to 
ack  of  prompt  attention,  the  company  bought  steam 
iirbines  of  the  same  company  who  built  the  gas  engines 
,nd  shut  the  gas  plant  down. 

The  operating  engineers  must  take  a  large  share  of  the 
esponsibility  for  the  slow  introduction  of  the  gas  engine 
0  general  use  in  this  country.  The  gas  engine  is  suit- 
ible  for  the  medium-sized  plant  and  engineers  running 


them  need   not    IVar  the  ceiilral  slatimi.     Their  i-aisc   m 
wages  will  come  out  df  the  cnal  now  thrown  awav. 

.1.  1?.  r')i:i,K\Ai'. 
New   York   Citv. 

The  Polar  Planimeter  on  Circular 
Charts 

Julian  C.  Smallwood,  in  ihe  .Vug.  19  issue  of  Powei;. 
states  that  "the  ordinary  jiolar  planimeter  may  be  used 
to  obtain  apin-oximatcly  the  average  value  of  the  quan- 
tity showr,  by  a  circular  chart  from  a  recording  instru- 
ment." and  proceeds  to  demonstrate  this  hypothesis  Jiy 
employing  a  pressure-recording  chart  on  which  has  been 


an  a\('rage  variation  in 
six-liDur  period.     Prom 


traced  a  continuous  line  sbowi 
pressure  of  perliai)s  30  lb.  for 
the  familiar  formida, 

Ari'd  =  :i.l  I   /.'- 
he  obtains  a  value  of  3.(1(1   in.   tor  the  radius  E  which, 
when  laid  off  on  the  chaii.  gi\('s  an  average  pressure  of 
97  lb.    This  chei'ks,  he  states,  with  the  value  obtained  by 
using  a  theoretically  correct  averaging  instrument. 

In  order  for  the  liypothesis  to  be  of  practical  vahn'  wc 
should  know  what  the  author  means  by  the  word  "ap- 
proximately." The  meaning  is  apparently  made  clear  in 
the  closing  sentence  of  the  article  which  affirms  that  the 
error  in  the  result  with  a  polar  planimeter  on  a  circular 
chart,  "except  in  extreme  cases,"  is  7iot  greater  than  3 
per  cent. 

The  writer  does  not  agree  in  this  conclusion  with  Mr. 
Smallwood.  Oenerally  speaking,  the  method  used  would 
be   accurate   enough    I'oi-    charts    from    jiressucc    recorders 
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when  the  pressure  is  kept  very  luiifonii  during  the  "^1 
hr.  Should,  however,  a  high  steam  pressure  he  main- 
tained during  the  day  and  a  low  pressure  during  the 
night,  as  is  often  the  ease,  the  method  in  question  would 
show  an  error  much  greater  than  3  per  cent.,  even  though 
the  pressure  did  not  vary  during  each  period. 

There  are  now  in  use  a  great  variety  of  recording  in- 
struments in  engineering  work  where  the  rate  or  amount 
recorded  often  fluctuates  widely  from  hour  to  hour. 
Without  referring  further  to  such  charts,  which  might 
perhaps  be  called  "extreme  cases,"  let  us  consider  an  av- 
erage record. 

Fig.  1  is  an  exact  reproduction  of  a  circular  chart  from 
a  1'3-in.  venturi  meter  in  service  at  the  pumping  station 
of  the  East  Providence  Water  Co.,  East  Providence, 
li.  I.  The  meter  is  on  the  discharge  line  of  a  centrifugal 
]iunip  which  is  running  for  only  a  portion  of  the  24  hr. 
;ind  is  operated  at  different  speeds  as  necessity  requires. 


liA)()  +  -^70 


035  (jal.  per  mill. 


Fig.  2. 

For  instance,  the  chart  discloses  that  at  9  :30  p.m.  the 
pump  was  started  and  discharged  at  a  rate  of  500  gal. 
per  miu.  until  4  a.m.,  when  it  was  shut  down  again.  It 
is  a  simple  matter  to  obtain  the  average  rate  during  each 
12-hr.  period  by  totaling  the  half-hour  rates  and  divid- 
ing by  24.  This  gives  the  following  results:  6  a.m.  to 
6  p.m.  average  rate  is  1000  gal.  per  min.;  6  p.m.  to  6 
n.m.  average  rate  is  270  gal.  per  min. 

In  other  words,  the  total  pumpage  obtained  would  be 
exactly  the  same  had  the  pump  discharged  steadily  at 
these  average  rates  for  the  two  12-hr.  periods  named.  A 
]iolar  planimeter,  if  made  to  trace  the  shaded  line,  would 
show  a  total  area  equal  to  the  area  of  the  semicircle  A 
]ilus  the  area  of  the  semicircle  B.  On  the  actual  chart 
this  area  equals  19.39  sq.in.  Therefore,  the  average 
radius  R  equals 


'19.39 


\  3.14 


=  2.48  in. 


corresponding  to  an  average  rate,  when  laid  off  from  the 
center  of  the  chart,  of  C80  gal.  per  min.  But  the  aver- 
age rate  by  the  first  method  is 


and 
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which  shows  that  the  polar  planimeter  is  in  error  to  the 
extent  of  7  per  cent,  too  great. 

If  the  actual  rate  of  discharge  had  been  zero  for  the 
first  12  hr.  and  2000  gal.  per  min.  for  the  remaining  Vi 
hr.,  the  error  by  the  polar  planimeter  method  would  have 
been  26  per  cent,  too  great. 

It  seems  evident,  therefore,  that  the  polar  planimeter 
should  be  used  with  great  caution  on  circular  charts  and 
that  it  is  only  of  sufficient  accuracy,  even  for  practical 
purposes,  when  all  of  the  autographic  line  lies  in  one 
narrowly  confined  portion  of  the  chart.  The  safest  meth- 
od is  to  average  by  taking  a  large  number  of  readings, 
depending  upon  the  character  of  the  record,  or  best  of 
all  to  employ  one  of  the  new  planimeters  which  have 
been  devised  especially  for  this  purpose. 

Charles  G.  Richakdsox. 

Providence,  E.  I. 

Preventing  Freezing  of  Air-Driven 
Pumps 

Several  years  ago  I  visited  a  small  stone  quarry  in 
which  the  largest  engine  was  of  about  150  hp.  and  op- 
erated by  compressed  air  part  of  the  time.  The  air  supph 
came  from  the  plant  of  a  large  company  which  used  air 
for  drills  and  other  machinery,  and  had  two  120<»-lip. 
compressors.  The  two  companies  were  about  a  mile 
apart.  There  was  an  8-in.  line  from  the  com])rer;sor 
plant  to  the  mill  engine,  hoisting  engines,  drills,  etc., 
at  the  quarry.  The  pressure  at  the  end  of  the  line 
about  120  lb.  To  prevent  the  air  from  freezing  ii 
exhaust  pipe  of  the  engine,  it  was  heated  in  a  sepai:i 
fired  heater  built  like  a  separate-fired  steam  superhtM 
A  large  drip  pocket  was  placed  in  the  main  on  the  • 
air  side  of  the  heater  to  drain  out  any  entrained  moisimv 
that  had  separated  from  the  air.  The  air  was  then  |)ii-~i  li 
through  the  heater  where  its  temperature  was  raised  to 
about  180  cleg.  F.  The  line  to  the  mill  engine  uas 
covered,  but  the  line  to  the  hoisting  engines  and  drills 
was  left  hare.  This  gave  practically  no  trouble  from 
freezing  in  the  exhaust  ports.  The  heater  was  fired  with 
coal,  and  did  not  require  a  great  deal  of  it  to  keep  the 
temperature  up. 

On  what  basis  the  small  company  purchased  the  air  I 
do  not  know,  but  as  the  feed  water  at  that  plant  wii> 
the  worst  I  ever  saw  for  forming  scale,  although  it  \' a- 
as  clear  as  glass,  they  found  it  cheaper  or  at  least  ninn 
desirable,  to  buy  compressed  air  than  to  run  the  ma- 
chinery by  steam  as  the  boilers  were  old,  and  not  large 
enough  to  carry  the  full  load.  At  times  the  150-hp. 
mill  engine  was  operated  days  by  steam,  and  nights  by 
air.  In  changing  over  from  air  to  steam  or  vice  cfcsa, 
the  engine  was  not  shut  down  but  the  air  and  steam  pipes 
were  connected  just  above  the  throttle,  and  one  was 
slowly  opened  and  the  other  slowly  closed.  In  changing 
from  air  to  steam  the  cylinder  cocks  had  to  be  left  open 
for  a  few  minutes  until  the  cylinder  became  warm,  as 
there  was  much  condensation.     This  extreme  change  of 
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temperature  must  also  have  been  very  severe  uu  the  cyl- 
inder, but  it  was  clone  for  several  years.  The  same  grade 
of  cylinder  oil  was  used  for  air  as  for  steam. 

J.  ('.  Hawkins. 
Ilyattsville,  Md. 

In  a  coal  mine  close  to  the  plant  where  I  am  em- 
ployed, compressed  air  is  used  to  operate  the  water  pumps 
in  the  pit,  which  is  situated  some  .'300(1  ft.  fmni  the  com- 
pressor. 

At  the  end  of  the  air  line  is  a  small  receiver  and  the 
pumps  in  turn  are  connected  to  the  receiver.  By  fre- 
quently blowing  the  water  out  of  the  receiver  or  by  leav- 
ing the  bleeder  valve  slightly  open  they  get  compara- 
tively dry  air  and  are  not  troubled  with  the  pumps  or 
llie  drilling  machines  freezing  up. 

The  letter  from  E.  R.  Pcarce,  of  Rochdale.  Eng., 
caused  me  to  look  back  over  the  June  17  issue  in  regard 


Lifting  Hot  Water 


The  reply  to  F.  D.  S.,  in  the  Sept.  16  issue,  was 
rather  of  a  negative  character  and  did  not  give  him  the 
desired  information.  He  wanted  to  know  the  highest  tem- 
perature at  which  water  can  be  lifted  by  the  suction  of  a 
feed  pump  to  a  height  of  5  ft.  and  the  reply  gave  him 
the  theoretical  temperature  of  204.1  deg.  F.  and  it  was 
said  that  water  at  this  temperature  cannot  be  lifted  u 
ft.,  stating  the  correct  reasons  why  it  could  not. 

The  same  condition  prevails  at  any  other  temperature. 
Thus  for  a  temperature  of  60  deg.  F.  the  theoretical  suc- 
tion lift  is  nearly  S-t  ft.,  yet  we  cannot  safely  lift  water 
over  22  ft.  This  brings  up  the  question:  What  limils 
the  suction  lift  and  why  cannot  this  theoretical  suction 
lift  be  approached  more  closely? 

The  reasons  are  manifold:  Velocity  head,  entrance 
head,   friction    in    pipe,    losses   in   bends,   losses    througii 
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to  the  water  disappearance  in  T.  G.  Thurston's  sight- 
feed  oil  glass,  and  I  do  not  think  that  Mr.  Pearce  has 
made  the  right  diagnosis  of  the  trouble. 

While  glycerin  will  keep  oil  from  sticking  to  the  glass 
while  working,  I  do  not  think  that  it  would  help  this 
trouble  as  it  would  very  likelv  disappear  as  the  water 
did. 

From  the  statement  of  Mr.  Thurston's  letter  the  ex- 
planation to  me  seems  to  be  this:  He  stated  that  the 
two  oilers  that  were  giving  him  the  trouble  were  con- 
nected to  the  steam  chest  and  subjected  to  a  25-in.  vac- 
uum after  the  steam  was  cut  off,  which  very  likely  draws 
the  water  out  of  the  sight-feed  glass  into  the  steam  chest. 
He  states  that  when  he  closes  the  valve  between  the  en- 
gine and  the  sight-feed  glass  the  trouble  does  not 
appear.  This  evidently  shows  that  the  engine  is  drawing 
the  water  out  of  the  glass. 

If  he  will  connect  the  feed  above  the  throttle  valve  he 
will  get  better  lubrication  and  his  trouble  will  disappear. 

D.  E.  Aden, 

Wilburton,   Okla. 


suction  valves,  inertia  of  water  column,  vapors  from  the 
water  and  air. 

At  the  low  velocities  usually  encountered  in  the  suc- 
tion pipe,  the  first  few  items  can  be  shown  to  be  in- 
significant. The  velocity  should  not  exceed  180  ft.  i^cr 
min.,  or  3  ft.  per  sec.     For  this  wc  have: 

Velocitv  head 


Entrance  head 


hv  =  — ^  =  O.U  ft. 


Jie  ='^  =  0.01  ff. 


The  friction  in  the  pipe  will  also  be  small  for  the  same 
reason  and  for  a  short  pipe,  usually : 
/  =  hv  =  0.14  ft. 
Losses  in  bends 

Each  bend  I?  =  ^  =  0.0^  fL 
and  for,  say,  three  bends,  0.02  ft. 


V  0  W  E  R 


38,  No.  i-; 


Losses  througli  suction  valves  consist  uf  friction  which 
5  insiguifipant  on  account  of  the  low  velocity  and  the 
iiortness  of  the  jjath.  and  the  spring  pressure  which  is 
sually 

%  '^-  /'^''  xfl-'ii-  =  0-6  ff-  ii'ntfi'  col  Kill  It 
'lu'sc  (ive  items  added  together  give  a  total  of  1.15  ft., 
hieh  does  not  account  for  the  loss  of  12  ft. 

The  inertia  or  momentum  of  the  water  column  is 
lamed  by  many  for  this  condition  and  they  proceed  to 
idculate  it  for  a  single-acting  pump  without  vacuum 
hamber,  a  type  which  does  not  exist.  A  duplex  pump 
roduces  a  ver}'  steady  flow  of  water  in  the  suction  pipe 
nd  this  is  made  still  more  uniform  if  a  vacuum  chamber 
:  used  at  the  pump  and  the  same  effect  is  attained  by  a 
irge  vacuum  chamber  on  a  single  double-acting  pump, 
'he  effect  of  the  inertia  need  not.  therefore,  be  taken 
ito  account. 

The  inertia  of  the  water  colunm  is  of  great  importaiue 
hen  hot  water  is  being  liandled  Imt  does  not  explain 
le  shortcoming  on  c:old  water. 

Air  remains  as  the  only  item  to  which  we  must  look  as 
le  pi'incipal  reason.  Water  under  atmospheric  eondi- 
ons  contains  about  5  per  cent,  of  air  in  solution.  This 
r  expands  in  the  suction  pipe  and  enters  the  water  cyl- 
ider  in  this  expanded  condition,  cuts  down  the  capacity 
id  causes  shocks  limiting  the  .'speed  at  which  the  pump 
m  be  operated  safely. 

Suppose  we  were  tu  lift  water  'ii>  I'l..  which  would  give 
3  absolute  head  of 

:!4  —  -.'li  =  S  //. 

he  air  woulil  then  exjiand 

•Y-  =  4. -25  /i„i,'s 
id  would  fill 

4:^r,  X  •")  =  "^l-"2o  per  cent. 
the  pump  barrel.  Fortunately,  it  is  not  so  bad  be- 
luse  the  water  passes  through  the  suction  pipe  so  quickly 
lat  all  of  the  air  has  not  time  to  liberate;  otherwise 
e  would  not  be  able  to  lift  water  any  height.  This  also 
ows  why  long  suction  pipes,  where  a  greater  chance  is 
ven  to  the  air  to  separate  from  the  water,  are  such  a 
itriment  to  satisfactory  pumping. 

In  the  diagram  the  line  marked  absolute  zero  gives  the 
sight  of  a  water  column  required  to  balance  the  at- 
ospheric  pressure.  This  is  measured  from  the  zero 
le  marked  0.  This  height  increases  with  rising  tem- 
■rature.  From  this  line  the  absolute  pressure  corre- 
londing  to  the  temperature  is  deducted  and  thus  the 
le  t,  the  line  of  theoretical  suction  lifts,  is  obtained, 
be  line  a  is  the  actual  lift  attainable  under  ordinary 
nditions  and  is  the  maximum  lift  that  might  be  at- 
ined  during  a  test  when  everything  is  in  perfect  order. 
It  will  be  noted  that  the  line  a  approaches  the  theo- 
tical  line  at  both  ends  and  this  is  as  it  should  be.  At 
w  temperatures  the  effect  of  the  air  is  not  so  marked, 
cause  the  air  is  not  liberated  so  easily  as  at  high  tem- 
■ratures,  and  if  the  water  comes  in  -Under  a  head  the 
"ect  of  the  air  disap]iears  likewise  because  it  does  not 
pand  in  the  suction  pipe  but  remains  in  a  compressed 
ate. 

This  curve  answers  F.  D.  S.'s  question.  At  5  ft.  suc- 
m  lift  we  find  a  i>oiiit  135  deg.  F.  at  line  a  and  nearly 
10  deg.  "F.  at  line  .1/. 

F.  F.  XirTCEL. 
East  Orange,  X.  J. 


Leaky  Piston 

The  diagrams  herewith  were  taken  from  the  cylinders 
of  a  compound  marine  engine  12  and  241/8  by  lo-in 
stroke  and  are  of  interest  in  .showing  the  kind  of  diagrams 
which   \Y<^rv  obtained  from  an  engine  in  which  the  Icak- 


Flfi.    1.     DiAGliAMS    FROM    12x15    Hi6h-Pressure 
Cylixiier  with  Leaky  Piston 


Z  P  Cylinc^er 


Y\v,.  2.    DiAGiL\Ms  FROM  24%xl5  Low-Pressure 
Cylinder 

age  past  the  high-pressure  piston  was  so  bad  that  at  times 
it  was  difficult  to  start  the  engine  on  account  of  being 
steam-iwund. 

6.  C.  C.  Belling. 
Ivinkiang,  China. 

Pipe  Flange  as  Emergency  Gland 

1  had  the  misfortune  of  breaking  the  gland  on  the 
steam  end  of  a  10-ton  refrigerating  machine.  1  was  alone 
on  a  night  shift  in  charge  of  the  boilers,  generator  and 
refrigeration  .system,  so  the  repair  had  to  be  made  in  a 
hurry.  I  ran  the  machine  with  the  gland  held  by  one 
bolt  until  I  could  find  a  2-in.  pipe  flange,  whieh  I  slotted 
to  pass  over  the  piston  rod,  and  placed  it  over  the  broken 
end  of  the  gland.  The  flange  required  no  drilling  as  the 
holes  in  it  came  in  the  right  place  for  the  studs  in  the 
stuffing-box. 

F.  E.  Walchli. 

Denver,  Colo. 

Wants  Method  of  Cost  Finding 

I  would  like  Henry  U.  Jackson,  or  some  other  reader 
of  Power,  to  give  me  methods  for  getting  at  the  cost  per 
kilowatt-hour  in  an  isolated  200-kw.,  alternating-current, 
direct-connected  plant,  doing  its  own  steam  heating  in 
winter.  Wages  $10  for  24  hr.  Coal  $4.50  per  ton  of 
2240  lb. 

Ekxest   Hilton. 

Buffalo.  X.  Y. 
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Heig-Iit  of  Lift — If  a  vacuum  gasf  attached  to  the  top  of 
an  upright  suction  pipe  from  a  well  indicated  22  in.  vacuum 
during  pumping,  what  would  be  the  distance  from  the  gage 
down    to    the    watei-    in    the    well" 

F.    K.    M. 

If  there   were  no  friition   and   a   tight  suction   pipe   then   22- 


juld    indiL 


of  —   of   33.947    =    24.SII 


ft.,  but  overcoming  air  leaks  and  friction  due 
velocity  of  water  in  the  suction  pipe  would  r. 
to    about    23    ft. 


n    ordinar 
the   figur 


Lilnk  Motlou.s — In  a  Steplienson  li 
advantages,  one  over  the  other,  of 
crossed   eccentric   rods? 


lotion    what    ar 


E.    P. 


The  upper  diagram  herewith  shows  an  open-rod  linli 
motion,  the  lower  one  a  crossed-rod  link  motion.  With  open 
rods  the  lead  increases  and  with  crossed  rods  it  decreases 
from  full  gear  toward  midgear.  Other  conditions  being  the 
same  crossed  rods  are  longer  than  open  ones,  thereby  making 


less  variation  in  lead  from  full  gear  to  midgear.  With 
crossed  rods,  if  a  valve  has  no  lap  at  midgear  it  would  have 
lead  for  all  other  gears,  whereas  with  open  rods,  if  the  valvo 
has  no  lap  at  midgear  it  would  have  no  lead  at  other  gears. 
Hence,  with  crossed  rods,  the  ports  may  be  covered  at  mid- 
gear  and  still  have  lead  at  other  gears;  while,  with  open 
rods,  to  secure  lead  between  midgear  and  full  gear,  the  ports 
would  have  to  be  open  at  midgear,  and  with  an  open  or  leaky 
throttle,  the  cylinder  would  get  steam,  which  under  some 
conditions,  as  when  engines  are  supposed  to  l>e  standing  stiii, 
is   undesirable. 


Collapsing  Strength  of  Tubes — What  formula  will  give  the 
collapsing  strength  of  an  ordinary  boiler  tube?  In  which 
way  is  such  a  tube  stronger,  against  inside  or  outside  pres- 
sure? 

J.    E.   M. 

The  formulas  based  upon  the  experiments  on  the  collaps- 
ing strength  of  boiler  tubes  made  by  Prof.  Reid  T.  Stewart 
for  modern  lap-welded  bessemer  steel  tubes,  for  all  lengths 
greater   than   six   diameters,   are   as  follows: 

t- 

p  =  lono  (1  —  1  —  icoo  — ) 

d= 

t 

P    =    86.670 13S6 


.(A) 


.(B) 


Where 

P    =    Collapsing  pressure,  lb.  per  sq.in.; 
d    z=    Outside    diameter    of    tube,    in.; 
t    =    Thickness  of  wall,  in. 
Formula    A    is    for    values    of    P    less    than    581    Tb.,    or    for 
values  of  the  thickness  of  the  tube  divided  by  diameter    which 
yield  a  quotient  less  than  0.023,  while  formula  B  is  for  values 
greater   than    these.      In   applying   these    formulas,    in    practice, 
a   suitable    factor   of   safety    must    be    applied.      The    resistance 
to  internal   pi'essure   is   about   four   times  as   great   as   the   col- 
lapsing strength. 


.Starting  a  Turbine — How  much  time  is  required  in  starting 
a  turbine  and  throwing  it  on  the  switchboard?  What  is  the 
procedure   in   starting  up   a   turbine? 

R.   A.  C. 

Full  answers  to  both  of  the  above  questions  may  be  found 
in  the  prize  article  on  turbine  running  printed  in  the  August 
6,  1912,  issue,  page  17fi.  Turbines  with  small  clearances  and 
large  dummy  pistons  must  be  carefully  warmed  when  first 
started.  Those  having  large  clearances  and  of  the  nozzle 
type  such  as  the  De  Laval  can  be  started  very  quickly.  A 
5000-kw.  unit  has  been  put  under  way  in  a  minute  and  a  half. 
The  throttle  should  be  opened  only  a  trifle  at  first  and  a  little 
more  at  a  time.  All  drains  should  be  left  open  until  the  tur- 
bine is  nearly  up  to  speed.  While  the  turbine  is  warming  up 
the  auxiliary  machinery  can  be  started.  The  turbine  should 
be  speeded  up  slowly  except  while  it  passes  the  critical  speed 
where  the  tendency  to  vibration  is  a  maximum.  With  normal 
speed  attained  and  a  good  vacuum  established,  the  load  should 
be  applied  gradually  to  keep  water  slugs  from  being  carried 
over  with  a  sudden  inrush  of  steam. 


iif  Pressure — What  is  meant   by   pressure 


of  water 


"inche 


>f   me 


A.    B. 


Low  pressures  of  gases,  vapors  and  liquids  are  conveniently 
measured  by  and  compared  to  the  hydrostatic  pressure  ex- 
erted by  the  head  or  height  of  liquids  of  known  density. 
Measurements  of  such  pressures  are  usually  determined  by 
observing  the  difference  in  height  of  liquid  columns  required 
to  balance  the  difference  of  pressure  exerted  on  the  surface 
of  the  liquid  in  the  branches  of  a  U-tube;  or  by  direct  meas- 
urement of  height  of  a  single  column  as  in  a  barometer, 
vrhere  atmospheric  pressure,  acting  on  the  surface  of  a  liq- 
uid like  mercury,  balances  a  column  of  the  liquid  in  a  tube, 
the  lower  open  end  of  which  is  in  communication  with  the 
same  kind  of  liquid  in  a  cup  or  "well,"  while  the  upper  end 
of   the    tube   has   a   sealed   space   which    is   a    vacuum. 

The  pressure  per  square  inch  for  each  inch  of  height  of 
column  of  any  liquid  will  be  the  same  as  the  weight  of  one 
cubic  inch  of  the  liquid.  A  pressure  of  1  in.  of  water  at  62 
deg.  F.  =  0.03609  lb.,  or  0.5774  oz.  per  sq.in.  and  of  1  in.  of 
mercury   at   62   deg.    F.    =    0.491    lb.    oi-   7.S6    oz.   per  sq.in. 


HoistinK-Kngine  Problem — What  would  be  the  horsepower 
of  a  pair  of  hoisting  engines  with  cylinders  16  in.  in  diameter 
by  15  in.  stroke,  making  33  r.p.m.,  supplied  with  steam  at 
gage  and  exhausting  Into  the  atmosphere?  The  en- 
ire    connected    to   a    5-ft.    drum.      What    load    could    they 


90  lb 
gines 
lift? 


J.   E.   C. 


When  running  with  full  gear  forward  or  backward,  the 
mean  effective  pressure  would  be  about  S5  lb,,  making  the 
horsepower 

S5    >     (16    X    16    X    0.7S54)     X    iS    X    33    X    4 

-    85.4.";   i.hp. 

33.000 

With  a  pair  of  engines  having  cranks  set  at  90  deg.,  start- 
ing to  lift  a  load,  one  crank  might  be  on  dead  center,  so  that 
the  starting  power  would  depend  on  the  force  exerted  by  the 
steam   on  only  one  piston.      The   piston   area  being 

16     X     16     X     0.7854     =     201.06    sq.in., 
and    steam    pressure    90    lb.    the    force    exerted    on    one    piston 
would    be 

201.06     X     90    =    18,095.4    lb.. 
The  drum  being  60  in.  in  diameter  and  its  radius  30  in.,  while 
the    stroke    of   the    engine    is    15    in.,   and    the   crank   radius    T/2 
in.    then,    without    friction,    one    piston    could    start   a   load    of 


18,095.4    X 


30 


-    4523. S   lb. 


But  as  the  net  efflcienc.v  would  be  only  about  70  per  cent,  the 
total  load  which  the  engine  could  be  depended  upon  to  start 
would   be  about 

4523. S    X    0.70    =    3166   lb. 
The    lifting   power    will    increase    up    to    the    point    where    both 
pistons   are   equally   effective,   and   then   the   lifting  power   will 
he  about  40  per  cent,   more,   or  about   4432  lb. 
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Feed-Water  Treatment 

A  cardinal  requisite  to  high  boiler  efficiency  and  con- 
sequent low  operating  cost  is  a  clean  boiler  both  outside 
md  in.  The  man  who  neglects  to  protect  the  outside 
)f  the  heating  surface  ironi  tlie  accumulation  of  slag, 
;oot,  etc.,  and  the  inside  from  accumulation  of  scale,  etc., 
;imply  because  it  is  a  bother  to  do  so,  is  not  living  up 
o  his  opportunities. 

The  main  sources  of  feed-water  supply  are  wells,  rivers, 
oonds,  lakes,  etc.  The  great  primary  sources  of  supply 
0  these  secondary  sources  are  the  oceans  which  cover 
ibout  three-quarters  of  the  earth's  surface.  This  water 
•ontains  so  much  impurities  that  it  is  uniit  to  drink  or 
o  use  in  a  boiler  until  it  is  purified.  The  chief  impurity 
s  salt,  the  chemical  name  of  which  is  sodium  chloride 
ind  the  chemical  symbol  is  XaCl.  The  letter  S  could 
lot  be  used  in  the  symbol  because  S,  you  will  remember, 
s  the  symbol  for  sulphur,  so  the  abbreviation  Na,  of  the 
Liatin  name  natrium,  is  employed. 

A  gallon  of  sea  water  contains  about  1.75  lb.  of  salt, 
ro  illustrate  how  difficult  it  would  be  to  operate  on  sea 
vater,  it  has  been  estimated  that  a  72-in.  by  18-ft.  tubular 
loiler  (150  hj).),  if  it  could  be  operated  continuously  at 
ts  rated  capacity  on  sea  water,  would  fill  solid  tu  the 
later  line  with  salt  in  about  48  hr. 

For  stationary  boiler  plants,  nature  herself  performs 
)art  of  the  purifying  process.  The  heat  of  the  sun  causes 
icean  water  to  evaporate  and  rise  in  the  atmosphere  to 
orm  clouds.  As  salt  does  not  vaporize  at  ordinary  tem- 
)eratures  it  remains  behind,  while  only  the  pure  water  it- 
elf  rises  in  the  air.  Changes  in  the  atmospheric  tem- 
icrature  and  pressure  cause  the  vapor  to  condense  to  the 
iquid  form  again  and  fall  to  earth  as  rain.  Rain  water 
s  almost  absolutly  pure. 

AVater  has  great  powers  for  dissolving  substances.  Al- 
iiost  everything  in  the  world  can  be  dissolved  in  it.  Some 
ubstances  dissolve  very  slowly  and  only  in  exceedingly 
ninute  quantities  while  other  dissolve  very  quickly  and 
n  large  quantities.  In  sinking  into  the  ground  or  run- 
ling  off  to  the  river  or  lake,  the  pure  rain  water  dissolves 
ulistances  that  it  happens  to  meet,  thus  becoming  im- 
uirc.  The  quantity  of  any  given  substance  which  the 
i^ater  will  dissolve  and  carry  along  with  it  depends  upon 
he  readiness  with  which  the  substance  dissolves  and  the 
ength  of  time  the  water  is  in  contact  with  it. 

Of  the  many  substances  that  may  exist  in  a  dissolved 
tate  in  water,  we  are  interested  in  only  those  which  tend 

0  cause  .scale,  sediment  and  corrosion.  These  in  them- 
elves  are  quite  numerous  and  a  full  study  of  and  treat- 
iient  for  them  all  can  be  made  only  by  a  trained  chemist. 
Tence,  when  a  feed  water  is  causing  trouble  it  is  very 
iften  advisable  to  submit  a  sample  to  a  competent  and 
eliable  chemist  or  company  for  analysis  and  prescrip- 
ion  or  treatment.  However,  as  there  are  a  few  impurities 
ifhich  cause  the  greater  part  of  the  trouble  encountered, 

1  short  study  of  these,  including  an  explanation  of  their 
ction,  how  they  are  detected,  their  quantity  estimated 


whil 


neutralization  or  elimination  etl'ected,  may  be  worth 


COMilOX  Tmi'lhitiks 

The  commonest  impurities  found  in  water  are  calcium 
carbonate,  magnesium  carbonate,  calcium  sulphate  and 
magnesium  sulphate — rather  formidable  names  but 
really  not  such  formidable  substances,  because  all  four 
of  them  possess  only  two  elements  that  can  possibly  be 
new  or  strange  to  the  students  of  this  course.  If  yuu 
have  forgotten  what  an  element  is,  look  up  the  first  lesson 
of  the  series,  Apr.  22. 

Calcium  Cakbonate 

The  chemical  formula  for  calcium  carbonate  is  CaCOj. 
This  means  that  it  is  composed  of  one  combining  weight 
(see  May  6  lesson)  of  calcium,  one  of  carbon  and  three 
oT  oxygen.  The  calcium  is  the  only  element  that  is  new 
to  us.  It  is  a  metal  but  one  which  is  never  found  in  its 
pure  or  uneombined  state  in  nature  because  it  is  a  very 
active  element  and  readily  forms  compounds  with  other 
elements.  Its  compounds,  however,  are  very  common 
sub.stances.  One  of  its  most  familiar  and  useful  coni- 
pounds  is  ordinary  lime,  such  as  used  for  making  mortar 
and  plaster.  The  chemical  formula  for  this  substance 
is  CaO  and  its  chemical  name  is  calcium  oxide.  When 
water  is  added  to  lime,  making  slack  lime,  the  formula  is- 

CaO  +  IL.O  =  ('aO,n, 

Pure  calcium  can  be  produced  artificially  by  reducing 
one  of  its  compounds.  When  pure  and  fresh  a  piece  of  it 
looks  like  zinc.  But  when  exposed  to  the  air  awhile  it 
becomes  yellowish  and  finally  gray  or  white  in  color,  due 
to  a  reaction  between  it  and  the  oxygen  and  moisture  of 
the  air  resulting  in  a  layer  of  slaked  lime  (CaOoH,).  The 
combining  weight  of  calcium  is  40.1  and,  it  will  be  re- 
membered, the  combining  weights  of  carbon  and  oxygen 
are  12  and  16,  respectively.  Then,  as  its  formula  indi- 
cates, calcium  carbonate  is  comjiosed  of  these  three  ele- 
ments in  proportion  of  40.1  lb.  of  calcium,  12  lb.  of  car- 
bon and  3  X  16  =  48  lb.  of  oxygen.  Chalk,  limestone 
and  marble  are  all  almost  pure  calcium  carbonate. 

Pure  water  is  capable  of  dissolving  calcium  carbonate 
in  very  small  quantities — 10,000  parts  of  water  are  re- 
quired to  dissolve  one  part  of  calcium  carbonate.  That  is, 
to  dissolve  1  lb.  of  chalk  would  require  10,000  lb.  of 
water  or  some  12()0  gal.  and  a  peculiar  fact  is  that  cal- 
cium carbonate  is  less  soluble  in  hot  water  than  in  cold. 
If  this  was  the  only  rate  at  which  calcium  carbonate  could 
get  into  a  boiler  (1  lb.  per  10,000  of  water)  there  would 
not  be  much  difficulty  in  coping  with  it.  But  it  is  not. 
Carbonic  acid  or  carbon  dioxide  (COo),  our  old  friend 
which  is  formed  when  carbon  is  burned,  can  be  absorbed 
by  or  dissolved  in  water,  and  in  its  descent  through  the 
air  and  travels  on  and  in  the  earth  water  does  absorb 
some  of  this  gas.  Xow,  when  water  containing  carbon 
dioxide  flows  over  chalk,  limestone,  rocks,  marble  or 
other  substances  mainly  composed  of  calcium  carbonate,. 
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e  carbon  dioxide,  water  and  calcium  carbonate  all  get 
»ether  and  form  a  substance  known  as  calcium  bicar- 
nate — CaHjCCOj), — a  substance  wbieli  water  can  dis- 
Ive  and  carry  in  solution  in  quite  large  quantities. 
This  calcium  bicarbonate,  however,  is  not  a  very  stable 
mpound.  When  the  water  containing  it  is  heated  to 
0  deg.  F.  or  more,  it  begins  to  break  up  into  its  three 
mponents — CO,,  water  and  calcium  carbonate.  The 
)o  now  changes  (due  to  the  heating  of  the  water)  into 
gaseous  form  and,  rising  through  the  water  in  bubbles, 
?apes  in  the  atmosphere.  This  leaves  an  e.xcess  of  cal- 
im  carbonate  in  the  water,  which,  as  was  just  stated, 
only  sliglitly  soluble  in  water.  This  excess,  therefore, 
;tles  to  the  bottom  as  a  fine  powder. 
WJieu  a  substance  is  suddenly  changed  to  its  solid  form 
d  settles  out  of  the  liquid  in  which  it  was  dissolved 
s  in  the  case  just  described)  it  is  said  to  have  been 
recipitated"  or  ''thrown  down"  and  the  process  is 
lied  i)recipitation. 

The  foregoing  paragraphs  show  why  some  boilers  are 
and  to  contain  internal  coatings  of  soft  sand-like  or 
jd-like  material.  They  have  been  fed  with  water  carry- 
cf  calcium  bicarbonate  which  the  heat  has  changed  back 
calcium  carbonate.  As  the  latter  is  a  solid  which  can- 
t  be  xaporized  (just  like  the  sea  salt)  it  is  left  in  the 
ilcr  while  the  water  which  carried  it  evaporates  and 
sses  otf  as  steam  to  the  engine  or  other  destination, 
ich  gallon  of  water  fed  in  leaves  its  particles  of  solid 
Icium  carbonate  behind  and  unless  blown  down  and 
'aned  often  enough  the  boiler  would  become  choked. 
This  calcium  carbonate  by  itself  does  not  form  a  hard 
niblesonie  scale,  but  sini]ily  a  loose  mud-like  coating 
lich  can  easily  be  washed  off  the  tubes  and  shell.  In 
:t.  a  large  pa  it  of  it  settles  to  the  bottom  of  the  boiler 
to  the  iiiiid  drum  of  its  own  accord,  and  can  easily  be 
3wn  out.  But,  as  will  be  seen  later,  when  certain  other 
ipurities  are  present  in  the  water,  the  calcium  carbon- 
:■  is  cemented  into  a  troublesome  scale  along  with  these 
:ier  impurities. 

ilAGNKSIl'M  C.VIIBOXA  TH 

The  second  commonly  encountered  impurity  in  water 
magnesium  cavlniuatt'.  Its  chemical  formula  is  MgCO^. 

will  be  uuticcil  that  the  only  diiference  between  this 
rmula  and  that  of  calcium  carbonate  is  that  Mg  in  the 
esent  case  takes  the  place  of  Ca  in  the  previous  one. 
)th  arc  carbonates,  due  to  their  carlion  and  oxygen  con- 
it. 

Magnesium  is  also  a  metal  and  in  its  pure  state  has  a 
ight  silvery  white  appearance.  Like  calcium  it  never 
ists  pure  in  nature  as  it  has  very  strong  tendencies  to 
nil:)ine  with  other  elements.  One  of  its  compounds 
lich  is  familiar  to  all  is  Epsom  Salts.  The  chemical 
nie  tor  this  compound  is  magnesium  sulphate,  which  is 
eluded  in  our  list  of  commonly  encountered  impurities 
d  atuiut  which  more  will  be  stated  later  on.  Other 
miliar  substances  with  magnesium  in  their  makeup  are 
Ic,  asbestos  and  meerschaum.     Magnesia  pipe  covering 

com]wsed  principally  of  magnesium  carbonate.  The 
mbining  weight  of  magnesium  is  24.4. 
In  nature,  magnesium  carbonate  exists  quite  extensively 
id  is  known  as  magnesitc.  It  also  exists  in  combination 
th  calcium  carbonate,  this  compound  being  known  as 
ilomite.  Magnesium  carbonate  will  not  dissolve  in 
ire  water.     But  when  water  containing  CO,  comes  in 


contact  with  it,  magnesium  bicarbonate — MgH.,(C03)2 — - 
is  formed  and  this,  like  the  calcium  bicarbonate,  is  quite 
soluble  in  water.  When  heat  is  applied,  the  bicarbonate 
breaks  up  and  the  CO,  escapes  as  a  gas,  just  as  in  the 
case  of  the  calcium  bicarbonate.  The  passing  oil  of  the 
CO,  leaves  behind  an  insoluble  substance  called  mag- 
nesium hydroxide  whose  chemical  formula  is  Mg(OH),. 
This  precipitate  being  light,  settles  out  of  the  water  but" 
slow])',  and  in  the  boiler  whore  the  circulation  is  strong 
it  has  a  tendency  to  stay  suspended  and  cau.se  trouble 
through  priming.  Another  bad  quality  of  this  precipitate 
is  its  cementing  power,  which  is  so  great  that  the  stuff 
is  used  for  making  cement  for  commercial  purpo.ses. 
When  it  mixes  witli  the  otherwise  loose  particles  of  pre- 
cipitated calcium  carbonate,  a  brittle  scale  results,  which, 
cakes  on  the  boiler  surfaces. 


A  Fortunately  Contrary  Boiler 

By  Cakl  II.  Bi-AC'u 

A  remarkable  boiler  came  to  the  writer's  attention  not 
long  ago  in  a  village  in  Pennsylvania.  It  had  been  for 
40  years  in  a  wood-working  ])lant  where  the  boiler  house, 
a  light  frame  structure,  had  twice  burned  down  around 
it  but  neither  of  these  experiences  seemed  to  have  in- 
jured it. 

Early  in  the  summer  the  boiler  developed  a  very  bad 
leak  so  a  boiler  maker  was  sent  for.  He  came,  looked  the 
boiler  over  and  made  his  report  which  was,  in  effect:  "I 
can  make  your  boiler  tight,  but  I  cannot  make  it  safe 
and  my  work  will  cost  you  nearly  half  the  price  of  a  new 
boiler.  Your  boiler  is  condemned  and  it  must  be  at 
your  own  risk  that  you  put  pressure  on  it  after  this." 

Since  the  boiler  had  held  for  40  years  and  the  previous 
winter  carried  125  lb.,  whereas  the  usual  pressure  is  only 
75  or  80  lb.  many  men  would  have  reasoned:  "The- 
Christmas  trade  is  coming  on  so  we  can't  stop  now.  I 
guess  you  can  make  it  hold  until  we  get  to  a  more  con- 
venient time  to  stop."  Instead,  however,  the  plant  was 
shut  down,  the  old  boiler  was  taken  out  and  a  new  one 
put  in,  even  though  it  meant  an  idle  period  of  twa 
months. 

The  old  boiler  had  been  dismantled  so  it  could  only  be 
conjectured  what  the  setting  was.  It  was  a  return-tubular 
boiler  about  4  ft.  in  diameter  and  16  ft.  long.  The  old 
tubes,  most  of  which  were  apparently  those  originally  put 
into  the  boiler,  were  about  314  or  4  in.  in  diameter.  There 
were,  however,  five  tubes  that  had  been  replaced  at  some 
time,  the  tube  sheet  having  been  reamed  out  so  that  the 
space  between   adjacent  tubes  was  nearly  closed. 

The  setting  was  apparently  of  the  extension  front  type, 
the  front  end  of  the  boiler  having  been  suspended  from 
structural  work  resting  on  the  side  walls  of  the  setting. 
The  rear  end  of  the  boiler  had  rested  on  a  brick  pedestal 
in  the  combustion  chamber.  The  boiler  shell  where  it 
rested  on  this  pedestal,  had  been  very  badly  burned  so 
that  a  hole  nearly  as  large  as  a  manhole  had  been  cut 
to  remove  the  damaged  plate  and  a  patch  had  been  riveted 
on.  The  pedestal  was  then  moved  forward  so  as  not  to 
bear  on  the  patch  and  the  burning,  cutting  and  patching 
were  repeated,  the  two  holes  being  separated  by  about  5 
in.  of  whole  plate.  Both  of  these  patches  were  well  fitted 
and  fastened  in  a  good  workmanlike  maniuu-.  How  the 
pedestal  was  i)laced  after  the  second   jiatch   was  applied 
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was  not  related,  but.  however  it  was,  the  diffic-ultie.s  al- 
ready experienced  only  became  more  widespread.  The 
l)ottom  sheet,  including  both  ])alches,  wa.s  very  badly 
Inu-ned  and  had  started  to  bag.  The  heads  of  most  of  the 
rivets  on  the  patches  were  burned  off  and  the  edges  of  the 
plates  were  so  badly  burned  that  (here  were  cracks  from 
the  edge  of  the  plalc  in  the  rivel  hole  in  nearly  every 
case. 

inside  of  the  boiler  tlic  conditKins  were  fully  as  bad  as 
they  were  outside  at  the  patrhed  jilaces.  There  was  a 
handbnle  at  each  end  below  ibe  tubes  and  by  looking 
(hrough  the  boiler  one  could  sec  what  appeared  to  be  a 
heavy  coating  of  scale  all  over  the  bottom  of  the  boiler 
and  the  tubes  that  were  visible  through  the  handholes. 
Tlu^  blow^ofi  pipe  entered  the  front  head  just  below  the 
bandhole.  Just  in  front  of  the  blowoff  pipe  and  directly 
over  the  fire  was  a  pile  of  mud  and  scale  fully  2  in.  thick 
that  had  not  been  disturbed  while  the  boiler  was  being 
rolled  some  200  ft.  into  a  field.  There  is  no  telling  how 
thick  this  deposit  may  have  been  when  the  boiler  was  in 
service,  but  it  was  certainly  no  thinner. 

Above  the  tubes  conditions  were  not  quite  as  bad  as 
they  were  below,  but  even  there  they  were  bad  enough 
to  make  a  man  think  twice  before  attempting  repairs. 
The  heads  were  braced  with  diagonal  stays  of  round 
iron.  These  stays  ami  the  tnlies  appeared  to  be  badly 
<orroded. 

The  steam  dome  was  the  nmst  interesting  part  above 
the  tubes.  It  was  about  21  in.  in  diameter  and  30  in. 
high.  The  top  was  flat  and  braced  with  round  braces 
similar  to  those  used  on  the  boiler  heads.  How  the  braces 
in  the  dome  were  arranged  or  fastened  was  not  investi- 
gated, but  that  is  immaterial,  since  every  one  of  them  had 
lu'oken,  thus  allowing  the  heatl  of  the  dome  to  bow  out- 
ward as  though  it  had  been  dished  in  the  mill. 

Last  winter  trouble  was  experienced  in  keeping  u)) 
steam  when  a  young  man  who  applied  for  work  was  given 
the  Job  of  firing.  One  day  the  nuinager  went  into  the 
boiler  house  and  found  the  steam  gage  showing  125  lb. 
and  the  safety  valve,  which  usually  blew  at  80  lb.,  as 
tight  as  a  drum.  It  was  a  lever-safety  valve  and  had 
been  held  down  by  adding  weights.  This  was  remedied 
ajid  the  boiler  was  continued  in  service  for  several  months, 
or  until  it  developed  a  leak  ami  the  boiler  maker  was 
called. 

In  thinking  the  matter  over  one  wonders  how  it  hap- 
l>ened  that  the  shell  at  the  rear  of  the  boiler  was  so  l)adly 
l)urned  and  the  sheets  directly  over  the  fire  showed  no 
signs  of  overheating.  Evidently,  the  explanation  is  this. 
The  fuel  was  mill  refuse  with  a  little  coal  mixed  in  when 
this  proved  insufficient.  The  firebox  was  probably  too  low 
t(i  hold  a  sufficient  quantity  of  this  light  fuel,  so  it  was 
jirobably  crammed  full  and  the  fire-doors  left  open  to 
give  draft.  This  would  drive  the  flame  back  into  the  com- 
bustion chamber  and  nuike  it  strike  directly  on  the 
pedestal  which  must  have  become  very  hot  and  thus  con- 
centrated the  heat  on  a  comparatively  small  piece  of  the 
shell.  Cramming  the  fuel  into  the  furnace  did  not  leave 
idiim  for  the  development  of  a  very  high  temperature 
at  that  point  and  the  boiler  shell  over  the  furnace  was 
therefore  not  burned. 

The  writer  has  never  seen  a  boiler  that  showed  signs  of 
distress  more  plainly  nor  that  had  been  more  abused.  The 
abuse  was  probably  more  on  account  of  ignorance  of  how 
a  boiler  should  be  used  than  nn  aceimiit  of  willful  neglect. 


Application  of  Briggs  Pipe-Thread 
Gage 

On  Sept.  17,  1913,  the  Manufacturers'  Standardiza- 
tion Committee  adopted  officially  the  Briggs  pipe-thread 
gage  for  standard  and  extra-heavy  pipe,  the  resolution 
presented  reading  as  follows : 

"Kesolved :  That  the  table  and  tolerance  submitted  be 
approved  and  that  there  be  deposited  with  the  Bureau 
of  Standards  at  Washington,  D.  C,  a  set  of  gages  to  be 
known  as  the  American  Briggs  Standard  for  Pipe 
Threads." 

The  gages  consist  of  one  plug  and  one  ring  gage 
each  size.     The  plug  gage  is  to  be  the  Briggs  standard 
pipe  thread  as  adopted  by  the  manufacturers  of  pipe  fit- 
tings and  valves  and  recommended  by  the  American  So- 
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ciety  of  Mechanical  Engineers  in  1886.  The  plug  is  to 
have  a  flat  or  notch  indicating  the  distance  that  the  plug 
shall  enter  the  ring  by  hand. 

The  ring  gage  is  to  be  known  as  the  American  Briggs 
standard  adopted  by  the  Manufacturers'  Standardization 
Committee  in  1913.  and  recommended  by  the  Pratt  & 
Whitney  Co. 

THICKNESS    ADOPTED    FOR    RTN'C    C.XGE 


Pipe  Size,  in. 
i 
\ 

Adopted  Thi 

ckncss  of  Ring  Gage 
0.180 
0.200 
0  240 
0.320 

.^ 

0.339 
0  400 

li 

0.420 

u 

0.420 

2 

0.436 

2J 

0.682 

3 

0.766 

35 

0.821 

4 

0.844 

a 

0.875 

5 

0.937 

6 

0.958 

7 

1.000 

8 

1.063 

g 

1.130 

10 

1.210 

12 

1.360 

14 

1.562 

15 

1.687 

16 

1.812 

18 
20 

2.000 
2.125 

In  the  aceompaying  table  the  dimensions  are  those  of 
1hc  dimension  .-l  shown  in  the  sketch,  and  are  the  figures 
adopted  by  the  Manufacturers'  Standardization  Com- 
mittee. In  the  use  of  the  plug  gage,  the  notch  on  the  plug 
is  to  gage,  and  one  thread  large  or  one  thread  small  if 
to  be  "the  inspection  limits.  In  the  use  of  the  ring  gage, 
male  threads  are  to  gage  when  flush  with  the  small  end 
of  the  ring,  and  one  thread  large  or  one  thread  small  is 
to  be  the  inspection  limits. 
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Refractories  for  the  Modern  Boiler  Plant* 


>b'i\V0i'<b7iS' — Cuiidiliuns  to  be  iiicl  bij  jircbrick  in  aclual 
service,  kinds  of  hrick  and  their  cowposition.  Increas- 
ing the  life  of  furnace  arches  and  a  few  structural  de- 
tails of  firebrick  settlnr;. 

The  use  of  firebrick  is,  of  course,  in  lining  the  side 
walls  of  tlie  firebox,  in  constructing  the  firebox  arch, 
and  coking  arch,  where  such  is  in  use,  and  in  the  various 
forms  of  baffle  tile,  to  direct  and  dcticct  the  fianics  and 
heated  gases. 

In  the  side  walls,  the  brick  arc  subjected  to  not  only 
the  heat  of  the  coal  bed,  but  particularly  to  the  action 
of  the  clinker,  its  tendency  to  fuse  and  flux  the  brick- 
work and  the  very  severe  abi-asion  of  the  poker  and 
slice  bar  as  the  clinker  is  removed.  The  severity  of 
this  action  is  dependent  on  the  coal,  the  analysis  of  its 
ash,  the  method  of  firing,  draft  and  numerous  other 
details  in  connection  with  iis  operation. 

The  arch,  however,  is  subjected  to  rather  d liferent  and 
e\cu  more  severe  conditions.  Under  the  arch,  combus- 
tion is  nearly,  if  not  wholly,  complete,  and  the  tempera- 
ture will  be  correspondingly  higher.  Its  under  side  is 
furthermore  continually  in  the  current  of  a  stream  of 
incandescent  gases  at  high  velocity,  and  laden  with  par- 
ticles of  fuel  and  ash.  Often  insufficient  opportunity 
is  afforded  for  radiation  and  the  brick  are  subjected  to 
.<!uch  a  temperature  as  makes  their  life  at  best  a  short 
one.  By  no  means  last  in  impiortance,  however,  is  the 
influence  of  rapid  changes  in  temperature  conditions 
affecting  both  the  side  walls  and  arches,  but  the  latter 
especially.  This  may  be  brought  about  by  opening  the 
firebox  doors  in  firing  or  cleaning  fires,  thus  allowing 
cold  air  to  strike  the  incandescent  walls  and  arch;  by 
opening  wide  the  ash  doors  when  cleaning  clinker  from 
the  grates  in  many  forms  of  stoker ;  or  from  any  pro- 
cedure which  suddenly  chills  or  raises  the  temperature, 
even  if  Init  locally. 

^Iatkhials  Av-\I],ai;i,e 

In  considering  the  materials  a\ailable  for  this  work 
fire-clay  brick,  silica  brick  and  bauxite  brick  have  been 
taken  as  the  only  ones  which,  at  present,  give  promise 
of  being  successful  on  any  large  scale.  Both  magnesia 
and  chrome  brick  spawl  far  too  readily  if  subjected  to 
a  draft  of  cold  air.  Because  of  the  fact  that  the  one 
is  highly  basic  and  the  other  neutral  their  use  has  been 
tried  along  the  clinker  line  to  overcome  the  trouble  due 
to  the  adherence  of  this  slag,  and  while  entirely  satis- 
factory on  this  score,  they  have  been  found  un.s;uited  for 
the  reason  indicated. 

FlIiE-C'LAY   BUK'K 

All  fire-clay  brick  are  essentially  silicates  of  alumina 
and  expressed  in  the  lowest  terms,  are  composed  of  the 
two  varieties  of  clay,  namely,  the  hard,  flint  or  block 
clay,  as  it  is  often  termed,  which  forms  the  real  body  of 
the  heat-resisting  material,  and  the  soft  or  plastic  clay, 
acting  as  the  bond  to  give  physical  strength  to  the  brick. 
As  conditions  may  warrant,  a  larger  or  smaller  portion 

•From  a  paper  read  by  Kenneth  Seaver,  on  June  3,  before 
the  Mechanical  Section  of  the  Engineers'  Society  of  Western 
Pennsylvania,   pages  339  to  353  of  the  July  "Proceedings." 


of  the  liani  clay  may  \>r  lalcined  previous  to  its  manu- 
facture into  brick.  Upon  ihe  character  of  these  clays, 
the  fineness  ttj  which  they  are  ground,  and  the  degree 
of  burn  given  them,  ilepcnd  the  character  of  the  brick. 
In  general  a  fine-gruund.  liard-hurued  brick  gives  supe- 
rior results  in  Ihe  side  walls  and  a  more  ]ioi-ous.  open, 
and  if  it  may  be  so  termed,  '■cl;>stic,"  hrick  dues  hetter 
in  the  arches. 

Sll.li'A      lilJICK 

These  arc  niaile  from  crushed  ganister  rock,  with  2 
]jer  cent,  of  lime  added,  in  the  form  of  milk  of  lime, 
while  the  stone  is  being  ground  in  the  wet  ]ian.  Analy- 
sis of  the  burned  brick  will  show  an  average  of  1.75  per 
cent,  in   lime.     A   tyjiical   analysis  is  given   in   Table   !.■ 

TAI'.r.K    1       Ain'HOXIMATE    AMAI.YSIS    OF   .SILICA    BlilCK 


AU>  o;85 

Fe,i).,  0.S2 

CaO isi) 

Mg 0  15 

UK)  27 

liAixm;  liiiK  K 

As  the  name  indicates,  bauxite  bricks  are  made  from 
bauxite  ore,  a  hydrous  oxide  of  alumina  containing  about 
30  per  cent,  of  water,  practically  all  of  which  is  water 
of  crystallization.  A  fairly  representative  analysis  is 
given  in  Table  2.  It  is  mi;ied  in  this  country,  in  Geor- 
gia, Arkansas,  Alabama  and  Tennessee,  Arkansas  being 
hy  far  the  largest  producer.  Large  quantities  are  also 
imported  from  France.  It  is  hardly  necessary  to  say 
that  the  bulk  of  these  various  ores  is  consumed  in  the 
l)roduction  of  metallic  aluminum,  of  the  various  alum 
salts  and  of  abrasives.  Bauxite  is  exceedingly  variable 
in  its  c()m]iosition,  and  great  care  is  necessary  in  the 
sclcciion  (if  the  I'aw  ore  for  the  manufacture  of  refrac- 
tories and  ihe  maintenance  of  their  uniformity. 

TABLE  2.       BALXITK    ORE 

Prr  cent. 
FCjOa 3  to  B 

Map:,  .S5  to  60 

SiO, 4  to  7 

FiO, 2  to  2  75 

H,0  (Water  of  Crysu.l)  :!(i 

Moisture I   .■")l) 

The  ore  must  be  thoroughly  calcined,  at  high  tem- 
perature to  thoroughly  remove  the  water  of  crystalliza- 
tion and  so  reduce  the  shrinkage ;  suitable  bonding  clays 
are  then  added  and  the  brick  are  luirned  at  the  highest 
temperature  of  the  kilns. 

The  original  troubles  in  the  use  of  bauxite  brick  were 
in  a  great  measure  due,  not  only  to  deficiencies  in  the 
bonding  material,  but  to  insuflScient  calcination  of  the 
raw  stock,  and  the  attempt  to  burn  at  too  low  tempera- 
tures. A  high-grade  bauxite  brick  should  run  as  higli 
as,  say,  56  per  cent,  in  alumina,  a  fairly  representative 
analysis  being  given  in  Table  3.  It  can,  however,  be 
manufactured  with  a  still  higher  content  of  alumina 
where  conditions  warrant.  The  term  bauxite  as  applied 
to  brick  is,  however,  used  so  loosely  that  little  meaning 
is  conveyed  unless  at  least  the  approximate  analysis  is 
known  ;  many  of  these  brick  will  show  on  a  determina- 
tion only  from  43  to  51  per  cent,  in  alumina.     If  jjro])- 
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erly  in;ulc,  the  lirirk  is  pliysieally  strong  and  tough,  hut 
with  .somewhat  of  a  teudeiicv  to  s])a\vl  in  an-hes  it  sud- 
dc'itly  cooled  or  heated. 

T.\BLE  3.     BAIXITK    BRICK 

Per  cent. 

SiO. 38. 3S 

AlA .W.-- 

Fe.O, 2  9.5 

CaD O.IX) 

MgO 1.09 

-■Mkalics 0.  S8 

Maintenance  ok  Furnace  Auch 
111  the  general  development  ol'  hollers,  a  development 
which  has  necessitated  ever  increasing  initial  tempera- 
tures, the  general  trend  has  been  toward  increasing  the 
size  of  the  combustion  chamber  and  the  location  of  the 
area    of    complete    coinliustioii    further    from    the    tubes. 


wav  to  admission  of  cold  air,  even  witli  all  doors  above 
the  firebox  level  closed,  was  received  with  ridicule. 

The  boiler  was,  however,  shut  down,  and  an  inspection 
of  the  interior  disclosed  the  following:  At  XX  open- 
ings had  been  provided  so  that  the  induced  draft  from 
the  stack  would  draw  cold  air  from  the  sheet-iron  box 
covering  the  coking  arch,  this  casing  being  provided  with 
slots  at  the  side  to  cool  the  suspended  coking  arch. 
What  wa.s  entirely  overlooked,  however,  was  the  fact  that 
this  draft  of  cold  air  came  directly  in  contact  with  the 
incandescent  .surface,  the  under  side  of  the  combustion 
arch.  These  openings  were  closed  to  keep  the  cold  air 
from  the  inner  arch,  thus  allowing  it  to  radiate  away  its 
heat,  and  today  the  life  of  the  brickwork  is  entirely 
satisfactoi'y  from  every  point  of  view. 


The  increasing  use  of  tlic  Dutch  oven,  with  its  coking 
arch,  and  often  the  coiiiluistioii  arch,  is  an  example  in 
point;  so  intense  is  tlu'  heat  developed  that  in  certain 
types  it  has  been  found  absolutely  impossible  to  maintain 
an  arch  and  the  combustion  arch  has  of  necessity  been 
discarded  entirely.  For  illustration,  certain  definite  ex- 
amples will  be  given. 

Fig.  1  shows  the  sectional  elevation  of  a  boiler  arch 
and  firebox  where  serious  trouble  was  occurring  in  the 
combnstion  arch.  The  brick  would  spawl,  cracking  away 
and  dropping  from  the  under  surface  of  the  arch  in 
chunks,  so  that,  although  the  coking  arch  was  unaffected, 
the  combustion  arch  lasted  but  two  to  three  weeks.  The 
entire  boiler  was  apparently  enca.sed  in  a  steel  shell  so 
that  the  suggestion  that  the  spawling  was  due  in  some 


Fig.  2  shows  an  installation,  the  arch  of  which  gave 
much  trouble  as  originally  installed.  The  diagram  indi- 
cates one  of  the  familiar  types  of  chain-grate  stokers, 
and  this  sectional  elevation  shows  the  arch,  front  wall 
and  bridge-wall  of  the  boiler.  A  portion  of  the  arch 
extends  beyond  the  front  wall,  toward  the  bridge-wall, 
this  extension  being  831/4  in.  directly  in  the  travel  of 
the  flame  and  so  located  that  it  was,  on  three  sides, 
subjected  to  intense  heat,  while  on  the  fourth  there  was 
little  chance  for  radiation.  Furthermore,  this  arch  was 
rather  flat,  having  a  rise  of  but  71/2  iu-  in  9  ft.  9  in. 
span. 

In  the  two  boilers  of  this  installation  the  one  arch 
collapsed  after  two  weeks'  service,  the  other  after  two 
days.     An  examination  showed  what  had  occurred.     The 
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Sbrick  had  simply  softeued  aud  squeezed  out  of  shape, 
allowing  the  collapse.  The  cause  was  simply  the  intense 
heat  upon  the  brickwork  without  an  opportunity  for 
iradiation.  This  was  further  emphasized  by  the  collection 
■of  ash  and  soot  on  the  upper  surface  of  the  arch,  which 
still  further  insulated  it,  and  by  the  pressure  of  tii'.' 
front  wall.     • 

j  The  remedy  for  the  situation  is  shown  in  the  upper 
portion  of  this  figure.  A  relieving  arch  is  thrown  over 
the  inner  end  of  the  combustion  arch  and  the  interior 
front  wall  of  the  boiler  moved  forward  at  that  point  to 
correspond.  As  rebuilt  the  arch  is  giving  excellent  serv- 
ice, 9  to  l-T  months,  with  the  same  brick  as  originally 
'installed. 

Fig.  3  will  illustrate  still  further  a  somewhat  similar 
trouble,  the  lower  portion  of  the  sketch  being  the  original 
installation  and  the  upper  portion,  as  revised.  Here  is 
shown  a  type  of  split  arch.  It  has  its  outer  end  not 
only  subjected  to  heat  on  all  sides,  but  the  spaces  be- 
tween the  combustion  arch  and  the  relieving  arches 
calked  with  asbestos,  as  is  the  case  in  several  other  in- 
stances, as  will  be  noted.  In  this  case  not  only  did  the 
inner  combustion  arch  tend  to  soften  and  so  collapse,  but 
it  pulled  forward  from  the  front  wall  aud  main  portion 
of  the  arch  and  fell  forward  into  the  firebox.  In  three 
successive  installations  the  arch  lasted  two  days,  eight 
days  and  nine  days,  respectively. 

The  remedy  is  clearly  shown  in  the  upper  portion  of 
the  sketch.  The  split  arch  was  done  away  with,  making 
it  a  part  of  the  main  arch  and  bonded  with  it,  a  relieving 
arch  thrown  in  directly  over  it,  with  all  asbestos  omitted 
and  the  front  wall  moved  forward  to  the  face  of  the 
arch.  This  construction  is  now  averaging  six  to  seven 
months  per  arch  where  there  occur  exaggerated  peak 
loads  and  nine  to  ten  months  where  the  boilers  are  oper- 
ated at  a  more  uniform  rate.  All  the  above  installations 
have  one  brand  of  brick  and  this  type  of  constructiori 
,has  since  lieen  adopted  by  these  engineers  as  standard. 

In  Fig.  i  is  illustrated  still  another  ease.  As  before, 
the  original  construction  is  shown  in  the  lower  portion 
of  the  plate  with  the  relative  position  of  the  boiler  tiibes. 
This  is  typical  of  three  separate  plants  in  mind,  one  of 
which  gets  about.  40  days'  life,  another  only  about  13, 
while  in  the  third  arches  have  fallen  in  from  five  to  six 
days.  At  all  of  these  plants  they  have  tried  literally 
dozens  of  brands  of  brick  with  little  difference  in  re- 
sults. 

It  is  here  oljviously  impossilile  to  move  the  front  wall 
forward,  but  the  sketch  will  show  the  change  that  has 
made  possible  a  life  of  three  to  six  months  and  in  some 
cases  more.  It  will  be  seen  here  that  there  is  a  chance 
for  some  cooling  of  the  arch,  which  has  none  but  its 
own  dead  weight  to  carry,  and  there  is  no  chance  for  the 
collecting  of  ash,  soot,  etc.,  on  its  upper  surface,  or  if 
such  does  collect  it  can  be  easily  removed  by  a  I'ar 
through  a  slot  in  the  furnace  wall. 

In  Fig.  5  is  shown  one  of  the  typical  suspended  flat 
arches.  The  question  is  sometimes  asked  as  to  the  ten- 
dency to  spawling  that  is  sometimes  evident.  The  flat 
arch,  of  course,  depends  solely  for  its  support  on  its 
sus])ension  on  metal  of  some  form  and  often  air  cooled; 
the  upper  surface  is  cold,  the  lower  hot.  In  the  making 
of  shapes  of  the  size  of  these  blocks  the  grind  and  burn 
must  of  necessity  be  such   as   will   make   a    \cry   much 


denser  brick  than  is  the  ease  with  the  smaller  standard 
sizes  and  a  brick  that  will  consequently  tend  more  easily 
to  spawl  or  separate.  When  this  occurs,  as  it  may,  for 
instance,  almost  in  the  center  of  the  block,  the  lower 
half  drops  out,  while  in  the  sprung  arch  there  is.  of 
course,  still  the  curvature  of  the  arch  to  hold  it  in  place. 

An(}ther  common  cause  of  trouble  found  in  various 
kinds  of  inclined-grate  stoker  arches  is  that  of  spawling 
during  cleaning  of  the  fires  and  removal  of  clinker. 
Doors  are  left  wide  open,  masses  of  clinker  sometimes 
two  or  three  square  feet  in  area  may  come  away  and 
with  the  ashpit  doors  wide  open  a  blast  of  air  goes 
through  the  grate  unheated  and  strikes  the  hot  brick 
arch.  One  can  hear  the  brick  snap  and  spawl  and  see 
the  clinker  drop  away. 

To  summarize,  the  two  main  causes  of  arch  trouble 
are  the  inrush  of  cold  air  and  failure  to  provide  for 
sufficient  radiation.  A  condition  illustrating  this  latter 
point  is  the  familiar  heating  furnace  in  the  rolling  mill. 
The  bridge-wall  without  opportunity  for  radiation  may 
often  have  to  be  reb.uilt  every  week  or  two,  while  the  side 
walls  and  roof  of  the  same  furnace  may  hist  for  months. 

STi;ri-rii;.\i.  Dirr.ui.s  of  Fii!I';bktck  Setting 

In  Fig.  G  is  shown  three  methods  of  setting  the  skew- 
back  at  A,  B  and  C.  That  shown  at  A  is  probably  the 
most  common,  but  has  the  defect  that  it  is  difficult  to 
repair  the  side  walls  independently  of  the  arch.  One 
way  of  avoiding  this  is  shown  at  B,  where  the  spring  line 
is  carried  to  the  Ijack  wall,  using  13^-in.  shapes  cut 
to  fit  until  the  inner  line  of  the  firebox  is  reached.  The 
same  method  practically  is  indicated  at  G,  but  here  a 
channel  is  used  with  special  skews.  It  is  evident  that 
the  inner  wall  can  be  renewed  as  it  is  burned  or  worn 
away  without  disturbing  the  arch. 

In  Fig.  7  is  seen  at  F  a  type  of  construction  more  often 
used  than  would  be  imagined.  The  I-beam  is  inserted 
so  that  repairs  to  one  arch  may  be  made  independently 
of  the  other,  and  the  solid  partition  wall  between  boilers 
is  still  commoner. 

It  is  evident  here  that  there  is  no  chance  for  radia- 
tion, and  not  only  does  the  center  wall  tend  to  soften, 
allowing  the  arch  to  settle,  but  the  beam  in  many  in- 
stances has  simply  burned  as  a  sustaining  member.  In 
a  number  of  instances  the  inner  portion  of  the  wall  has 
been  constructed  of  red  brick,  which  later  became  prac- 
tically molten,  and  the  entire  side  wall  simply  floated 
into  the  firebox.  A  good  suggestion  is  given  in  G,  where 
the  wall  is  split,  allowed  to  cool  somewhat  by  radiation 
and  so  much  increases  the  life  of  both  walls  and  arches 
as  to  far  more  than  oft'set  the  value  of  the  slight  heat 
losses. 

In  Fig.  8  at  D  and  E  are  shown  some  typical  arches 
over  stokers.  The  contour  of  the  burned  surface  indi- 
cates the  influence  of  the  draft  very  clearly,  and  it  has 
so  far  proven  difficult  to  prevent  this  channeling. 

To  consider  the  influence  on  the  life  of  the  setting 
of  many  practices  fairly  common  among  masons,  the 
often  repeated  question  might  be  cited  as  to  whether  or 
not  the  introduction  of  a  small  proportion  of  lime  to 
the  fire  clay,  thus  making  it  easier  to  work,  harms  the 
setting.  There  can  be  cited  doubtless  thousands  of  cases 
where  1.2.5  to  2  per  cent.,  or  even  more,  lime  has  been 
used   and   the   brick    apparently   remain    uninjured,    but 
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wliere  the  boiler  is  hard  pushed,  it  is  an  cleiiK'iit  ol' 
danger,  despite  tlic  fact  that  in  many  handbooks  the  use 
is  not  only  countenanced  but  recommended. 

In  a  certain  boiler  of  a  battery  1.25  per  cent,  lime 
was  added  to  the  fire  clay,  to  the  others  none.  The  arch 
with  the  lime  stood  l)ut  a  few  days  when  the  lime  supply 
fused  with  the  clay  to  a  viscous  mass  and  the  brick  merely 
slid  from  place  at  a  temperature  at  which  the  brick 
themselves  were  absolutely  unaffected.  It  is  not  the  in- 
tention that  the  brick  shall  be  stuck  in  place,  but  the 
fire  clay  is  merely  to  fill  the  slight  inequalities  and  inter* 
slices  between  the  brick.  They  should  preferably  be 
dipped  and  ndilied  to  place. 

When  the  manufacturer  of  a  high-grade  brick  begins 
to  insist  that  it  should  be  laid  with  a  clay  corresponding 
in  refractoriness,  his  motives  are  not  invariably  looked 
upon  as  altruistic,  but  this  case  shows  clearly  the  effect 
of  a  comparatively  low-grade  plastic  clay,  but  yet  a 
fire  clay,  upon  a  refractory  brick  when  the  temperature 
is  brought  well  np.  Such  an  action  is  an  everyday 
occurrence  in  many  ])lants,  and  yet  the  buver  fails  to 
accoTint  for  the  short  life  from  an  expensive  brick. 

Silica  brick,  more  refractory  than  a  clay  brick,  expand 
ami  tend  to  hold  the  arch  tight  and  are  good,  strong 
biick  physically.  The  great  defect,  however,  is  their  ten- 
dency to  spawl,  and  in  the  average  boiler  practice  of 
today  they  are  out  of  the  question  because  of  operating 
conditions. 

In  one  large  central-station  plant  silica  arches  were 
installed  and  operated  with  every  care,  and  the  manage- 
ment was  carefully  advised  as  to  the  necessities  of  the 
case.  The  life  of  clay  brick  had  been  six  months,  while 
I  lie  silica  gave  nearly  eighteen  months,  as  constant  cau- 
tion was  necessary  in  firing.  There  are  a  number  of 
]ilants  using  silica  arches,  but  they  are  where  uniform 
conditions  prevail. 

As  to  the  use  of  bauxite  brick  for  Imilci'  work,  although 
detailed  and  accurate  data  are  yet  hardly  available,  there 
are  sufficient  on  which  to  base  the  prediction  that  its  use 
will  become  general  where  conditions  are  severe.  Cre- 
celius,  of  the  Cleveland  Railway  Co.,  published  the  pre- 
liminary results  of  his  tests  in  which  he  showed  the  ap- 
]iarent  absorption  of  silica  by  the  clinker  of  the  coal  and 
the  resistance  to  such  absorption  offered  by  bauxite. 

The  results  show  conclusively  that  bauxite  brick  are 
far  superior  in  the  particular  practice  at  this  plant  and 
indicate  that  experimenting  along  these  lines  is  well 
worth  a  trial.  Its  use  in  the  fireboxes  of  kilns  under 
severe  service  shows  probably  treble  that  of  firebrick, 
bnt  the  data  are  as  yet  incomplete,  nor  have  the  tests  in 
some  ten  or  fifteen  power  plants  yet  been  sufficiently 
long  under  fire  to  form  adequate  returns  for  basing  judg- 
ment. 

Kentuekj  Brenks  Coal  Rerord — The  production  of  coal  In 
Kentucky  estabUshed  a  new  record  in  1912  with  a  total  pro- 
duction of  16.490,521  short  tons,  according-  to  Edward  W. 
Parker,  coal  statistician  of  the  United  States  Geological  Sur- 
vey. This  large  output  represented  an  increase  of  2.440,818 
tons  over  the  figures  for  1911.  and  of  nearly  2.000,000  tons 
over  the  former  maximum  output  of  1910.  The  increased 
production  "was  due  chiefly  to  the  new  developments  in  the 
eastern  part  of  the  state.  The  number  of  men  employed  in 
the  mines  in  1912  was  24.304,  and  the  average  production 
per  man.  678  tons,  Kentucky  ranks  second  among  the  states 
in  the  percentage  of  coal  produced  by  machines,  Ohio  holding 
first  place,  Kentucky  is  the  only  one  of  the  coal-producing 
states  which  has  within  its  borders  two  of  the  distinctly  sep- 
arate great  coal  fields. 


OVER   THE   SPILLWAY 

JUST      JESTS,     JABS,     JOSHES      AND     JUMBLES 


All  ill  all,  this  week  has  been  both  busy  and  versatile, 
have  had  the  Athletics  and  the  Giants  doing  battle,  .Sulzei 
had  the  time  of  his  life,  the  Episcopalians  were  in  conveni 
and  Yom  Kippur  (the  Day  of  Atonement)  wound  up  the  \\  ■ 
In  between,  the  makers  of  heat  and  power  kept  things  m 
ing  in  a  busy  burg  where  things  move  every  minute  of 
24   hours. 


The  steamer  "Rochelle"  bumped   into  a  school  of  "electric" 
fish    off   the    Gulf  Stream   and   became   short-circuited,    accurrt- 
ing    to    the    "Rochelle"    salts    (meaning   sailors).      .Sounds    l;i'i'' 
of  flshy,   though  coming  from   Boston  perhaps  some  fishem 
is  only  codding. 

Why   not   set  Colonel   Gocthals   and   his   splendidly   effi^ 
staff    to    building    an    Alaskan    railroad?    queries    "CoUici 
This    is    a    good    hunch.      After    his    great    worlt    on    the    Canal 
we  don't  believe  there's  much  in   Alaska  that  would  stop   him 
from   earning   added   laurels. 

William  Flewellyn  Saunders  (lew  well  in  our  midst  )■■- 
cently  with  a  letter  saying  that  the  Saint  Looey  Busimss 
Men's  League  is  tickled  that  its  home  town  "gets  the  Alaska 
seal  catch."  "Flewey"  is  mixing  us  up  with  a  skin  papi-r. 
"The  seal  has  a  romantic  history,"  we  admit,  but  Romance 
can't  come  in  if  we  see  her  first.  As  for  sealskin —  The 
Missis  will  take  another  season  out  of  "something  nobliy, 
$19, 9S,"    and    Goldstein    will    put   a   new   velvet    collar    on    ours, 

"In  the  main  building  we  have  a  100-hp.  coreless  engine," 
wrote  an  unmechanical  treasurer  of  a  machinery  company. 
First  day  we  have  off.  we're  going  to  give  it  a  look. 

A  newspaper  says  this  happened  in  a  tomato-pulp  plant. 
Just  think,  if  this  had  occurred  in   an  egg  plant! 

"An  explosion  took  place  at  the  tomato  pulp  plant  of 
Williams  Bros.  Monday  afternoon.  A  mud  hole  that  con- 
nects the  boiler  with  the  reservoir  gave  way.  blowing  the 
fire  out  upon  the  ground.  Charles  Ankenbrandt  was  burned 
in  the  back  and  Ed.  Mallett  scalded  on  the  arms  by  escaping 
steam.     The  plant  will  be  closed   for  a  few  days   for  repairs." 

We  have  a  sneaking  sorrovr.  though,  for  Charley  Anken- 
brandt and    Ed.   Mallet  getting   hui-ned   as   they  did. 

Occasionally,  "the  man  above  the  dollar"  looms  large, 
Thomas  Toshesky  was  entombed  eight  days  in  a  Lehigh  Val- 
lov  Coal  Co.'s  mine.  Business  was  stopped  while  hundri'ds 
V.  orked  day  and  night  tunneling  through  52  ft.  of  co: 
"T  thank  the  good  God  for  the  new  life!"  said  Thomas  Tc. 
hesliv.  and  doubtless  he  included  the  company  and  his  fellows 
as  well. 


Marcus  A.  Dow.  the  New  York  Central's  safety  agi- 
says  we  inspect  our  hogs,  protect  our  forests,  conserve  the 
nation's  health  and  life,  but — we  don't  keep  our  kids  off  the 
railroad  tracks!  .\nd  5284  trespassers  were  killed  last 
year  by  the  railroads!      Guess  we'll   have  to  look  into   this. 

"In  Japan  it  costs  each  person  of  its  52,000,000  people  an 
average  of  $23  a  year  to  live,"  says  "Silent  Partner." 
mu.st  be  that  twenty-three  which  incites  the  little  yellow 
man  to  skiddoo — and  skid  quick, 

"Two  drummers  on  a  train."  says  the  actress.  Helen  Low- 
ell, "argued  over  the  vacuum  brake's  action.  It's  the  infla- 
tion   of    the   tube   that    stops   the    train."    declared    the    first. 

"Wrong."  shouted  the  second.  "It's  the  output  of  the 
exhaustion." 

When  the  train  arrived  at  the  station,  they  agreed  to 
submit  the  matter  to  the  engineer.  That  gentleman,  leaning 
condescendingly  from  his  cab.  listened  with  an  attentive 
frown  to  the  two  travelers'  statements.  Then  he  smiled  and 
said: 

"Well,  gents,  ye're  both  wrong,  yet  it's  very  simple.  When 
we  want  to  stop  the  train  we  just  turn  this  valve  and  then 
we   fill   the   pipe  with   vacuum." 
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Reclaiming    Fuel    from    Chain-Grate    Stokers 

By  EviCHAiii)  Bkown 

SYNOPSIS — By  installing  reclaiming  plates  under  the  able,  but  not  so  great,  was  the  character  of  the  coal,  it 

chain-grate  stol-ers  from  '2  to  10  per  cent,  of  the  coal  ira.s  being  anywhere  from  2  ft.  in  size  down  to  a  fine  dust. 
reclaimed.    The  heat  value  of  this  coal  iras  less.  Iioirerer.  The  duraticm  of  the  tests  does  not  enter  into  considera- 

than  that  of  the  fresh  fuel.  table  iii     proximate  analysis  of  fuel  reclaimed 

a  Test  Test  Test  Test  Test 

In  the  operation  Of  Chain-grate  Stokers  there  IS  always  voiatuo  „...,.  ^,2        ^^2!       iJ°.o        -Tu        ^,! 

1  certain  amount  of  fuel  lost,  due  to  some  of  the  finer  Fixed  carbon  3507        .m.os        46.48        4771        42.54 

particles  siitjng  down  through  the  bars  or  links  of  the  Moisture 2.56  4.59  1.70  1.90  2.39 

itoker  and  droi)ping  into  the  ashpit.    To  a  greater  or  less  tion  because  the  information  desired  and  obtained  is  com- 

PABLE  I.    TEST  ON  RECLAIMING  OF  COAL  FROM  CHAIN  GRATE  parable  with  the  amount  of  coal  fired  and  not  with  the 

STOKERS  length  of  the  tests,  size  of  boilers  or  amount  of  evapora- 

No"\        No"2        No"3        No.'4        .No.'s  ^iou.     Furthermore,   no  saving  in   dollars   and  cents   is 

^ngth  of  stoker lo;  2i"      lo;  2!"      w  2j"      lo;  2i"      lo;  2j"  givcu,  as  this  itcui  dcpcnds  entirely  upou  tlic  local  coudi- 

Vidth  of  stokers 9   4"  9'  4"  9   4"  9'  4"  9   4"  ,  .  i        i  j?  i        i  .^       i 

:*ngth   of  reclaiming  tious  and,  thcrctore,  would   be  of  11(1  comparative  value. 

plates 5' 6"  (1' 6"  6' 0"  7' 8"  7' 6"  .  1  l         j.      ,  i.    , ,         /■  •       -,     ,. 

Yirtth    of    reclaiming      ,    ,  ,  "^   rccord   was  Kept,   uowevcr,   ot   the  lime   required   tor 

v'' i  'I  i-'rate.feetper        *  '   ''  ^^  ^' ■*"         ^' *"  handling  the   fuel   reclaimed    by   the  plates  and   this   is 

15  to  18   10  to  16   12  to  1(3   12  to  15   12  to  15 

I,  .MM.,,  of  coal  fired,.        Wet  Dry  Dry  Moist  Dry  TABLE  IV.     ULTIMATE  ANALYSIS  OF  COAL  FIRED 

''iir,'-'d"""  ^'"^  °'  "'"''         ■'"  ■>"  •>"  ■"■  2"  Test  Test  Test  Test  Test 

rhieknessoffire.:::;;  I"  3i"  h"  Si"  ii"  ^"-^  ^°'^  N°-3  No.  4  No.  5 

'ounds  of  coal  fired...  .      20,480  19,800  Ifl.tiOO  23,630  16,900  Hydrogen.  4.96  4.40  4.91  4  58  4.35 

'ounds     of     fuel      re-  Nitrogen..  1.15  1.13  1.26  1.20  1   17 

claimed 5.59  1,962  1,1.56  936  671  Oxygen  6,80  10.31  9.73  10  22  10  10 

'ercentage  of  total  fuel  Carbon  71.34  t)7.21  68.05  67.90  68.35 

reclaimed 2,73  0  91  5.90  3  96  3  97  Sulphur 2.98  2.90  2.62  2.91  2  77 

rime  required  for  hand-  Ash  12.77  14.05  13.43  13,19  13  26 

ling  reclaimed  fuel, ,  ,     17  min,        32  niin,        25  niiii,         14  niin,         13  min,  B,t,u,  per  lb,  dry  coal    ,      12,600  11,200  11,890  11,675  11,560 

ixtent  this  is  true  of  everv  make  of  this  tvpe  of  stoker  S^^'^"  "'  ^^'^^  results.     This  time  is  only  for  the  one  man 

n  spite  of  all  arguments  to  the  contrary.    "  '"  each  case  and  covers  all  of  the  expense  involved. 

The  percentage  of  the  fuel  lost  in  tliis  way  depends.  Another   point  that  should  not  be  overlooked  is   the 

)f  course,  upon  several  things,  such  as  the  speed  at  which  ^^ct  that  the  coal  reclaimed  does  not  iuive  the  same  heat 

he  stoker  operates ;  the  condition  of  the  coal,  whether  wet  ^'^^"^  ^^  ^^^^  original  coal  so  that  in  calculating  any  sav- 

n-  dry;  the  thickness  of  fire  carried   and  the  character  "^g^  in  dollars  and  cents,  such  savings  must  necessarily 

)f  the  coal  as  regards  fineness,  etc.     The  design  of  the  ^'^  ''^sed  upon  heat  units  rather  than  weights  of  coal. 
;rate  links  is  also  a  factor.  table  v    ultimate  analysis  of  fuel  reclaimed 

In  order  to  determine  iust  how  much  ibis  loss  actuallv  ^'"'\         Jest         Test         Test         Test 

li         p       1  ■    I  •  •       4i'  ^"'  ^  No,  2  No.  3  No,  4  No.  5 

s,  a  number  ot  tests — results  ol  which  arc  given  in  the  Hydrogen  2  64         4.39         3. si         3  .57         3.52 

iccompanying  tables — were  made  uuiler  actual  working  oiygf™  .3  67        losi         8i2         730         I'lo 

londitions.     No  attempt  whatever  was  made  to  deviate  suTphur ...  ::    "'HI        %:m        %.l°5        %ll        ^Itl 

Tom  the  regular  practice  in  operating  or  to  do  anything  b Ju .per ih  l.oVo       Io.doo       ?o,5lfo       T0.4I)        fan 

hat  would  affect  the  results  one  way  or  the  other.     The  ^p^^le  vi.    analysis  of  ash 

ests  were  conducted  on  separate  boilers  of  the  B.  &  W.  .j.^^^^         .j.^.^^         .j.^.^^"         .j,^^^         ,p^^^ 

ype,  equipiJed  with  chain-grate  stokers  of  a  well  known  ^°- 1        No.  2        No.  3        No.  4        No.  5 

,  "  Volatile  matter 1,67  1.40  1.64  3.30  0  82 

nake.  Fixed  carbon 10  43  13,96  S19  22  92  10  08 

XT      T  I        J?   j-l  i-    1  1  1    J-       il        J-  -Ash S7  90  84   64  90   17  73.78  89   10 

Under  each  ot  these  stokers  and  secured  to  the  Irames 
hereof,   reclaiming  or   recovering  plates  were  installed,  •'♦ 

'arying  somewhat  in  length,  .so  as  to  get  an  idea  of  which  JS^    HoillC-Made    Feed- Water    Heater 

could  give  the  best  results.     Each  plate,  however,  was 

By  E.  R.  Peakce 
table  ii    proximate  analysis  of  coal  fired 

Test         Test         Test         Test         Test_  On  taking  charge  of  an  old  plant  the  writer  was  im- 

No,  1  No.  2  No.  3  No.  4  No.  o  -        ...       .        .  .         \ 

•oiatiie  matter .36.00        35.05        34.85        35.90        35.07  prcssd  With  the  large  quantity  of  e.xhaust  steam  blowiug 

Ih  .^ ''''.'''.°°  ilfi        ull        lili        TsaI        mi  to  waste,  in  addition  to  the  discharge  from  about  18  steam 

'°'^*"'''' 1"^"         •* ^"         ''' '"^         '■^2         6.00  traps  and  various  machines  using  steam  for  drying  pur- 

if  tlie  same  width  as  the  stoker  under  which  it  was  placed.  poses. 

Dhese  plates  were,  of  course,  placed  under  the  froiil  end  reruiissidii  was  granled  by  the  ownei-s  to  ]iiit  in  any  de- 

f  the  machines.  vices  that  would  tend  to  more  economical  running.     The 

Because  of  running  these  tests  under  actual  working  first  thing  decided  on  was  to  put  in  a  feed-water  heater 

onditions  there  were  a  few  variables  to   be   contended  of  the  open  type  to  handle  approximately  45,000  lb.  of 

i^ith,  the  most  important  of  which  probably  was  the  vari-  water  per  hr.,  a  portion  of  which  was  for  boiler  feed,  the 

tion  in  the  speed  of  the  stoker.     It  lieing  rather  difficult  remainder  being  for   process  work  in  the  factory.     On 

0  accurately  time  the  periods  of  change  in  speed,  a  record  getting  in  various  makers'  prices,  I  was  disappointed,  as 

cas  made  only  of  the  maximum  and  minimum  speeds,  they  were  much  higher  than  expected,  so  we  turned  our 

^n  average  of  these  two  would,  however,  give  about  the  attention  toward  obtaining  material  with  which  to  make 

verage  speed  for  the  full  time  of  the  test.    Another  vari-  the  heater  shown  herewith. 
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Tins  heater  is  giving  an  average  temperature  of  190 
dcg.  F.  with  no  steam  passing  out  of  the  escape  pipe.  No 
doubt  a  little  higher  temperature  might  have  been  ob- 
tained had  the  water  been  broken  up  into  a  greater  num- 
lu'r  of  films.  The  heater  did  not  cost  one-half  of  the 
(]ii(>ted  prices  of  others  and  it  gives  entire  satisfaction. 

Ill  one  department  alone  the  output  has  been  increased 
;i()  per  cent,  by  their  being  supplied  with  hot  water, 
wiiereas  previously  they  received  water  at  atmospheric 
temperature  and  had  to  heat  it  with  live  steam  to  300  to 
210  deg.  F.  The  heater  has  cut  down  the  fuel  by  au 
average  of  418  11).  per  hr.     The  boilers  are  now  much 


Escape  Pipe 


and  a  short  discussion  of  hygrometry  make  a  useful  addition' 
to  the  text  matter.  The  book  will  introduce  the  student  to ' 
the  broad  field  of  air  compression  and  should  be  of  great 
service  to  the  engineer  wishing  to  know  the  wherefore  of 
his  compression  machinery. 


Pipe  and  flange  filled  with 
white  melaf,  hole  l^g  larger 
Iharr  rod 


Dm/n  ^  Drain      ^  Suction  .„„., 

K- - <?' " - *^ 

Details  of  HoitE-M.VDK  Feed-Water  Heater 

cleaner  as  the  filter  seems  quite  capable  of  keeping  back 
all  the  dirt  and  sediment;  the  flow  through  the  filter  is 
reversed  for  a  few  minutes  every  evening  by  opening  the 
drains   and  shutting  the   inlet   valve. 


NEW      PUBLICATIONS 


THE    SCIENCE    OF    BURNING    LIQUID    FUEL.      By    William 
Newton  Best.     Published   by   W.  N.   Best,   of   11    Broadway, 
New    York    City.      Cloth;    152    pages,    6x9    in.;    illustrated; 
indexed.      Price,    ?2,    net. 
The   book   was  written   by  a   man  whose   experience    in   oil 
burning   dates   back   to    1SS7.    and   as   "engineer   in   caloric"    is 
still    engaged    in    the    business.      The    treatment   takes   up   the 
origin,    production    and    analysis    of    liquid    fuel,    atomization, 
oil    systems,    refractory   material,    locomotive    equipment,    sta- 
tionary and  marine  boilers,  ovens  and  furnaces.     A  little  over 
half   the   book   Is   devoted   to   the   subjects   last   named.      Aside 
from   the    fact    that    many    of   the    illustrations    have    suffered 
from  too  much  reduction,  and  that  they  deal  exclusively  with 
the    best    products    and    methods,    the    book    contains    enough 
good    practical    information    to    be    well    worth    the    purchase 
price. 


AIR  COMPRESSION  AND  TRANSMISSION.     By  H.  J.  Thorkel- 
son.       Published    bv    McGraw-Hill     Book    Co.,    New    York 
City.     Cloth;    200   pages,   6x9   in.;   143   Illustrations;   tables. 
Price.   $2.    net. 
The  book  aims  to  present  in  logical  order  the  fundamental 
principles  dealing  with  the  subject   ot  the  compression  of  air 
and    its    transmission.      As    it    is    made    up    from    notes    used 
for   a   number   of   years   by   the   author   in   his    classes   and    is 
thus  elementary  in  character,  it  is  suited  for   beginners.     The 
field  is  well  covered,   as  the    following  list   of  topics  discussed 
will    indicate;    Fundamental    definitions,     thermodynamics    of 
air    compression    and    expansion,    air    at    pressures    below    the 
atmosphere   and   at  low   pressures   above,    piston   compressors, 
efficiencies,  multistage  compression,  turbo  and  hydraulic  com- 
pressors, effect  of  altitude,  receivers,   measurement  and  trans- 
mission of  compressed  air,  and  the  selection  and  care  of  com- 
pressors.     Appendices    on    common    and    Naperian    logarithms 


STEAM  POWER  PLANT  ENGINEERING,  fourth  edition.  By 
G.  F.  Gebhardt.  Published  by  John  Wiley  &  Sons,  New 
York,   1913;   9S9   pages;   6x9  in.;   illustrated.     Price.   $4  net. 

Since  its  first  appearance  in  1908  this  work  has  become  to 
be  regarded  as  a  standard  reference  for  practicing  engineers 
on  matters  pertaining  to  power-plant  engineering.  The  rapid 
evolution  in  power-plant  practice  and  especially  prime  mov- 
ers has  made  it  necessary  to  revise  a  large  part  of  the  text, 
the  chapters  on  Fuels  and  Combustion,  Engines,  Turbines, 
Condensers    and    Economics,    having    been    entirely    rewritten. 

For  those  not  already  familiar  with  the  book  a  list  of  the 
subjects  covered  will  give  an  idea  of  its  general  scope;  these 
include.  Elementary  Steam  Power  Plants,  Fuels  and  Combus- 
tion. Boilers,  Smoke  Prevention,  Furnaces,  Stokers,  Super- 
heaters, Coal  and  Ash-Handling  Systems,  Chimneys,  Mechan- 
ical Draft,  Steam  Engines,  Steam  Turbines.  Condensers.  Feed- 
water  Heaters,  Pumps.  Piping,  Lubrication,  Testing  and  Meas- 
uring Apparatus,  Cost  of  Power,  Specifications,  Typical  Cen- 
tral Stations  and   Typical   Isolated  Plants. 

The    figures    on    power    costs    have    been    gathered    from    a 
large   variety   of   sources  and   include  both   initial   and   operat- 
ing   costs.      They    show    clearly    the    dependence    of    the    latter 
upon   load  factor  and  foim   one  of  the  most  valuable  chapters  ' 
of   the    book. 


RULES  OF  M.VNAGEMENT.  By  William  Lodge.  One  hun- 
dred and  thirty-nine  5x7>^-in.  pages.  Price,  $2  net.  Mc- 
Graw-Hill Book  Co.,  239  West  39th  St.,  New  York,  N.  Y. 
This  book  is  the  outgrowth  of  a  series  of  articles  pub- 
lished in  the  "American  Machinist,"  dealing  with  managerial 
and  manufacturing  experience.  The  author.  William  Lodge, 
is  one  of  the  best  known  machine-tool  builders  in  the  United 
States,  and  this  book  has  been  written  from  a  lifetime  of 
active,  varied  experience,  .\lthough  it  applies  directly  to  the 
organization  and  management  of  a  machine-tool  factory,  the 
principles  and  methods  have  a  wider  application.  All  the 
members  of  the  executive  staff  and  all  shop  departments  are  ' 
treated  of  in  detail  in  a  series  of  helpful  rules  and  comments.  ' 
The  book  should  be  of  service  to  anyone  having  to  do  with 
machine-shop  management.  The  scope  of  its  pages  is  indi- 
cated by  the  35  chapter  headings,  which  are  as  follows:  ; 
The  Exceptional  Employee;  The  General  Manager;  Assist-  ' 
ant  Manager;  Chief  Engineer  and  Designer;  Drawing  Room;  i 
Purchasing  Agent;  Incoming  Material  and  Storage  Depart- 
ment; Superintendent  of  Manufacture;  Routing  Department; 
Chief  Clerk;  Cost  and  Timekeeping  Department;  Operation 
of  Premium  Plan;  Superintendent  of  Assembly;  Handling 
Complaints;  Pattern  Shop;  Tool-Making  Room;  Forge  De- 
partment; Lathe  Department;  Grinding  Department;  Drill- 
ing  Department;  Planer  Department;  Milling  Department: 
Gear-Cutting  Department;  Special  Manufacturing  Depart- 
ment; Inspecting  Department;  Specific  Instructions  for  Paint- 
ing Lathes;  Sales  Manager;  Shipping  Clerk;  Boss  Laborer 
and  Express  Truckman;  Millwright  and  Belt  Man;  Engineer, 
Electrician  and  Oiler;  Janitors  and  Watchmen;  A  Proposed 
Pension  Plan;   Basis  on  which  a  Fund  Can  Be  Started. 


POWER  PL.\NT  TESTING.  By  James  Ambrose  Moyer,  S.  B., 
A.  M. ;  second  edition.  McGraw-Hill  Book  Co.,  Inc.,  New 
York,  1913.    Cloth,  4S6  pages,  6x9  in.;  illustrated.    Price,  $4. 

This  work  has  passed  to  the  second  edition  in  two  years, 
having  been  extensively  adopted  as  a  class  manual  by  techni- 
cal schools  and  colleges.  Sixty-four  pages,  120  engravings, 
and  a  number  of  forms  and   tables   have  been   added. 

The  chapter  on  the  Measurement  of  Pressure  has  been  ex- 
panded to  include  barometers;  to  the  treatment  of  pyrometers, 
that  of  electrical  resistance  and  radiation  types  has  been 
added;  the  treatment  of  the  indicator  has  been  improved  by 
a  discussion  of  the  errors  of  the  diagram,  and  directions  for 
indicating  and  computing  the  horsepower  of  rotary  engines; 
and  descriptions  of  speed  counters  and  tachometers  have  been 
included.  A  treatment  of  the  differential  dynamometer  has 
been  added  to  the  section  on  transmission  dynamometers, 
and  the  chapter  on  the  measurement  of  power  has  been  made 
to  include  a  section  on  torsion  or  shaft  dynamometers,  and  the 
accelerometer. 

Pitot  tube  meters  have  been  included  in  the  steam  section 
and  weir  meters  in  the  water  section  of  the  chapter  on  the 
Flow  of  Fluids.  The  chapter  on  Flue  Gas  .Vnalysis  has  been 
amplified  by  a  consideration  of  the  Hempel  gas  apparatus 
and  a  section  upon  smoke  determination.  The  instructions 
regarding  Reports  of  Tests  in  General  from  the  report  ot 
the  Committee  on  Power  Tests  of  the  American  Society  of 
Mechanical  Engineers  has  been  incorporated  as  an  entire 
chapter;  and  their  rules  for  producer  and  gas  engines,  as  well 
as    steam    plants,    incorporated    in    their    proper    connection. 

A   chapter  upon  Tests  of  Lubricants  has  been  added,  and  a 
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onsideration  ot  ail-  lifts  to  the  chapter  upon  Hydraulic 
Machinery.  The  revision  upon  which  the  author  places  the 
nost  stress  is  an  outline  of  a  series  of  tests,  arranged  to  suit, 
s  nearly  as  possible,  a  large  number  of  American  technical 
chools.  By  the  judicious  use  of  these  outlines,  at  least  50 
ler  cent,  of  the  time  of  an  instructor,  the  author  thinks,  can 
le   saved,   and   the   efficiency   of   the   courses   will    be    improved. 


'RACTICAL  ALTERNATING  CURRENTS  AND  ALTERNAT- 
ING-CURRENT TESTING.  By  Charles  F.  Smith,  fifth  edi- 
tion. Published  by  Scientific  Publishing-  Co.,  Manchester, 
Eng.,  1913.  Size,  5x8  in.;  ,398  pages,  illustrated.  Price, 
6s.   net. 

The  method  of  presentation  is  unusual,  the  principles  of 
Iternating  currents  being  approached  from  the  experimental 
ather  than  the  abstract  theoretical  standpoint.  The  treat- 
lent  is  simple  yet  thorough,  and  higher  mathematics  have 
een  avoided  except  in  the  last  chapter  on  the  composition  of 
oltage  waves.  Hence,  the  book,  although  intended  primarily 
or  students  in  technical  schools,  should  also  appeal  to  the 
ractical  man  desiring  an  insight  into  the  principles  of  elec- 
ricity-  Generally  speaking,  this  is  perhaps  one  of  the  best 
U-around    books    on    the    subject. 


A  table  of  estimated  radiation  has  just  been  issued  by 
larry  B.  Perrigo,  of  106  Hobart  St..  New  Haven,  Conn.  It  i;^ 
rinted  upon  two  sheets  of  celluloid  41/2x7,  and  gives  the 
quare  feet  of  i-adiation  i-equired  for  glass  and  exposed  wall 
urface,   or    cubic    feet    of    contents.      Price,    $1. 

"The  Polytechnic  Engineer" — Vol.  S  of  "The  Polytechnic 
Ingineer,"  published  annually  by  the  students  of  the  Poly- 
3chnic  Institute  of  Brooklyn,  has  just  appeared;  138  pages  in 
ize  in  cloth  binding,  and  dedicated  to  Prof.  Samuel  Sheldon. 
1  addition  to  institute  matter,  it  contains  a  number  of  ex- 
?Ilent    papers    upon    engineering    subjects. 

The  Babcock  &  Wilcox  Co.  was  one  of  the  first  of  the 
irge  manufacturing  firms  to  realize  that  a  catalog  could 
dvantageously  be  something  more  than  a  brief  for  its 
roduct.  Its  publication,  "Steam,"  is  really  a  textbook  upon 
le  subject,  and  its  earlier  issues  are  among  the  prized  pos- 
issions   of   many   engineers. 

The  latest  edition,  which  has  just  appeared,  is  richer  than 
s  predecessors  in  typography,  engravings  and  contents, 
nly  78  of  its  335  pages  are  directly  devoted  to  the  product  of 
le  Babcock  &  Wilcox  Co.,  if  -we  except  the  illustrations  of 
lants  with  -which  the  volume  is  interspersed,  the  remaining 
iges  dealing-  with  such  subjects  as  Heat  and  Its  Measure- 
lents:  Steam,  with  an  Excellent  Abridgment  of  the  Marks- 
avis  Tables;  Moisture  in  Steam;  Properties  of  Air;  Conibus- 
on;    Fuel    and   Combustion;    Boiler    Tests,    etc. 

Annual  Meeting  of  A.  S.  M.  E. 

The  committee  on  meetings  has  arranged  the  following 
mtative  program  for  the  annual  meeting  of  the  American 
ociety  of  Mechanical  Engineers.  A  feature  will  be  the  pre- 
mutation of  the  Grasshof  medal,  which  was  placed  in  th*.- 
ands  of  the  society  to  deliver  to  its  past  president,  George 
restinghouse,  at  the  notable  Leipzig  meeting.  Another  event 
E  interest  which  it  is  expected  will  be  largely  attended  i.s 
le  German  dinner  scheduled  for  Thursday  evening  of  the 
leeting,  at  -which  one  of  the  menus  of  the  German  trip  will 
5  reproduced  and  addresses  will  be  given  with  lantern  slides 
pon  incidents  of   the   trip. 

TUESDAY    EVENING.    DEC.    2 
President's   reception. 

WEDNESDAY  MORNING,  DEC.  3 
Business  meeting,  followed  by  professional  Session  with 
le  following  papers:  "Efficiency  of  Rope  Driving  as  a  Means 
:  Power  Transmission."  E.  H.  Ahara;  "Comparative  Tests  of 
ineshaft  Bearings,"  Carl  C.  Thomas,  E.  R.  Maurer,  L.  E, 
;elso;  "The  Art  of  Enameling,  or  the  Coating  of  Steel  and 
■on  with  Glass,"  Raymond  F.  Nailler;  "Stability  in  Flying 
[achines,"  Albert  A.  Merrill  (contributed  by  the  New  York 
ocal   Committee). 

WEDNESDAY  AFTERNOON 
Railroad  session,  with  papers  on  "Steel  Freight  Cars"  (con- 
■ibuted  by  the  subcommittee  on  railroads). 

WEDNESDAY   EVENING 
Presentation   by    the   Verein    deutscher   Ingrenieure    of   the 
rasshof  medal   to   George    Westinghouse,   past-president   and 
onorary  member. 


Arrangements  are  being  made  for  a  lecture  to  follow  tin 
ceremony   of   presentation. 

THURSDAY'  MORNING,  DEC.  4 
Professional  session,  with  the  following  papers:  "Pilot 
Tubes  for  Gas  Measurement,"  W.  C.  Rowse;  "Tests  of  Vacuum 
Cleaning  Systems,"  J.  R.  McColl ;  "Tests  upon  the  Transmis- 
sion of  Heat  in  Vacuum  Evaporators,"  E.  W.  Kerr;  "A  New- 
Centrifugal  Pump  with  Helicoidal  Impeller,"  C,  V.  Kerr  (con- 
tributed by  the  New  York  Local  Committee);  "A  New  Process 
of  Cleaning  Producer  Gas,"  H.  F.  Smith  (contributed  by  the 
Gas  Power  Section). 

Arrangements  are  also  being  made  for  simultaneous  ses- 
sions on  machine-shop  practice,  cement  manufacture,  and 
textiles,  by  the  subcommittees  in  charge  of  these  subjects. 
At  the  machine-shop  session,  among  the  topics  to  be  discussed 
are:  "Use  of  Gears  in  Machine  Tool  Drives,"  "Grouping  of 
Machine  Tools,"  "Cast  Iron  for  Machine  Tools,"  "Flooded 
Lubrication  and  Force  Fits."  The  discussion  at  the  cement 
session  -will  cover  the  use  of  powdered  fuel  and  other  sub- 
jects to  be  announced  later.  The  textile  session  will  take  up 
cost  finding  and  general  efficiency,  heating-  buildings  through 
the  sprinkler  system,  and  fire  escapes  as  applied  to  textile 
mills. 

THURSDAY   AFTERNOON 
Excursions  to  points  of  interest   in  New  Y'ork  and  vicinity. 

THURSDAY  EVENING 
German  dinner,  reproducing  one  of  the  menus  from  the 
trip  abroad.  This  will  not  only  be  a  reunion  of  those  who 
went  on  the  trip,  but  is  being  arranged  with  a  view  to  giving 
those  who  were  unable  to  participate  some  idea  of  the  many 
interesting  events  which  the  American  guests  enjoyed.  Ad- 
dresses on  the  German  trip  will  be  made,  illustrated  by  lan- 
tern slides.  Following  the  dinner  a  dance  will  probably  be 
arranged  for. 

FRID,\Y  HORNING,  DEC.  5 
Session  on  fire  protection.  Among  the  subjects  to  be  dis- 
cussed are  the  management  of  valves  controlling  automatic 
sprinkler  heads,  extinguishing  of  fires  in  oils  and  volatile 
liquids,  and  the  fire  hazard  in  turbo-generators,  contributed 
by    the   subcommittee    on    fire   protection. 

FRIDAY'  EVENING 
College  reunions.  The  alumni  of  Stevens  Institute  of  Tech- 
nology are  arranging  for  a  theater  party,  to  which  the  society 
and  their  guests  are  invited.  Supper  and  informal  dancing 
at  a  convenient  hotel  will  follow.  The  alumni  of  Sheffield 
Scientific  School   will   arrange   a  similai-   reunion. 


SOC lETY     NOTKS 


A  local  association  of  building  owners  and  managers  has 
recently  been  formed  in  Buffalo,  N.  Y.  The  following  offices 
are  represented:  Brisbane  Building,  Chamber  of  Commerce, 
Dun  Building,  Electric  Building,  Ellicott  Square,  Fidelity 
Building,  Iroquois  Building.  Marine  National  Bank  Building. 
Morgan  Building,  Mutual  Life  Building,  Prudential  Building, 
Sidway    Building.    Telephone    Building,    White    Building. 


I'.\UL  U.  J.  LIESS 

Paul  M.  J.  Liess,  chief  engineer  of  the  Long  Island  City 
power  house  of  the  Pennsylvania  R.R.,  died  at  his  home  in 
Brooklyn  on  Oct.  8  after  a  long  illness.  Mr.  Liess  was  37 
years  of  age.  He  was  a  member  of  the  Blue  Room  Engineers 
Society. 

EDWIN    T.    MOORE 

Edwin  T.  Moore,  secretary  and  treasurer  of  the  Coates- 
ville  Boiler  Works  and  a  director  and  lueinber  of  the  execu- 
tive board  of  the  Coatesvllle  Foundry  &  Machine  Co.,  died  at 
his  home  in  Coatesville,  Penn.,  Sept.  25.  He  was  47  years  old. 
Mr.  Moore  entered  the  employ  of  the  boiler  works  26  years 
ago  and  in  ten  years  became  secretary  and  treasurer.  Two 
years  later  his  remarkable  knowledge  of  all  the  details  of  the 
business  resulted  in  his  being  made  general  manager.  He 
was  one  of  the  founders  of  the  Coatesville  Foundry  &  Ma- 
chine   Co.    and    was    prominent    in    Coatesville    institutions. 
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Archimedes  Said 

I  Could  Move 

i 
We  said: — "If  a  steam  tra] 

enough  to  sustain  a  ver; 

of  meeting  excessively  higl 

And    S  o — 


The  AMERICAN  IDEAL 
STEAM  TRAP  steps  in  and 
fills  the  bill. 

Archimedes  never  found  his 
fulcrum  but  we  found  the 
leverage  necessary  to  place 
the  AMERICAN  IDEAL 
STEAM  TRAP  in  a  class  by 
itself  for  working  under  high 
pressures. 

The  most  powerful  arrangement  of  levers 
found  in  any  other  steam  trap  is  not  nearly 
so  powerful  as  is  found  in  the  AMERICAN 
IDEAL  STEAM  TRAP.  A 

Pressures  that  would  put  other  traps  out  of 
business  are  easily  within  the  ability  of  the 
"AMERICAN  IDEAL." 

American  Steam  Gauge 

Camden  Street 
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Air  in  Condensers 


By    li.    FO'l'HKRCUI.L 


WNOPSIS — An  (mahjftis  of  the  various  ways  in  which 
<,ir  mail  gel  into  condensers,  preventing  the  maintenance 
if  high  variiiims,  and  suggested  remedies. 

Wliile  every  engiuoer  knows  that  air  in  a  condenser 
s  antagonistic  to  a  high  vacuum  and  high  condensing 
ffioiency,  few  realize  the  importance  of  it.  The  ques- 
ion  of  air  in  a  condenser  is  not  so  vital  to  the  recipro- 
latiug  engine,  but  witli  the  steam  turbine,  in  which  ad- 
'antage  is  talven  oL'  the  lieat  units  in  Ibe  steam  at  lower 


"hiT"^ 


^ 


Fjg.  ].  Fjfi.  2. 

Test  fok  PKitcJiN'i'AGE  of  Am:  tx  A\'atilK 

iressures,  to  obtain  snch  low  pressure,  or  more  generally 
ailed  high  vaouum,  entry  of  air  must  be  minimized. 

To  analyze  the  matter  thoroughly  it  will  be  necessary 
0  consider  separately  e\ery  way  by  which  air  can  enter 
he  system  and  ultimately  reach  the  condenser  so  as  to 
mpair  the  vacuum.  Beginning  at  the  source  of  steam 
upply,  the  amount  of  air  which  enters  a  boiler  depends 
i])on  the  amount  in  solution  in  the  feed  water  plus  the 
mount  added  by  the  feed  pump.  The  air  in  solution 
n  the  feed  water  varies  considerably  and  depends  upon 
he  nature  of  the  source  of  the  feed  nuike  up,  and  the 
iieaus  for  discharging  the  water  of  condensation  from 
he  condenser,  which  latter  question  will  be  dealt  with 
ater. 

Feed  makeup  water,  suj^plied  from  fresh-water  tanks 
r  water  mains,  is  aerated  from  approximately  3  to  31/2 
icr  cent,  of  its  volume,  but  it  is  easy  to  test  the  percent- 
ge  of  air  in  a  feed  water.  The  ai)paratus  necessary, 
i'igs.  1  and  2,  consists  of  a  iiask  connected  to  an  inverted 
raduated  jar,  by  a  pipe,  the  jar  being  placed  in  a  vessel 
11  which  the  water  is  kept  cool  by  any  convenient  means. 
^he  flask  should  be  entirely  filled  with  the  sample  of 
eed  water  and  the  glass  jar  also  filled  with  water,  as  in 
^ig.  1 ;  the  water  in  the  jar  is  preferably  deaerated.  Next 
eat  is  applied  to  the  fla.sk,  as  in  Fig.  2,  and  boiling  con- 
inued  until  the  bubbles  cease  to  rise,  when  the  jar  and 
eaker  should  be  allowed  to  cool  to  the  same  tempera- 
ure  as  at  starting  before  taking  any  readings.  The  weight 
f  the  feed  water  from  which  the  air  has  been  driven  off 
hould  be  ascertained  before  commencing  the  experiment, 
0  that  the  volume  can  be  found.  The  volume  of  the  air 
riven  off  is  known  by  measuring  the  contents  occupied 
y  the  air  in  the  inverted  jar;  the  percentage  of  air  to 
lie  water  by  volume  is  equal  to  the  volume  of  air  driven 
If  multiplied  by  100,  divided  by  the  volume  of  water. 


The  amount  of  air  added  liy  a  feed  i)ump  depends 
largely  on  the  type  of  ])iiiiip  employed.  Witli  the  old- 
fashioned,  continuous-running,  single-acting,  plunger 
pump,  the  air  passed  through  is  a  maximum,  because 
the  suction  pipe  of  the  pump  may  often  be  open  to  the 
atmosphere.  But  in  modern  feed  pumps  which  are  in- 
dependently driven  and  have  their  action  float-controlled 
so  that  the  juimp  speed  corresponds  to  the  quantity  oL" 
water  to  be  dealt  with,  the  suction  inlet  to  the  pump  is 
always  under  water,  and,  therefore,  the  least  air  passes 
through,  such  air  as  does  pass  through  being  in  solution 
in  the  water.  Fig.  3  illustrates  a  convenient  float-con- 
trolled boiler-feed  pump.  The  tank  from  which  the  water 
is  taken  is  immediately  in  front  ol'  ihe  ])umps  and  con- 
tains the  float-controlling  gear  wliiili  is  connected  to  the 
steam-supply  valve  by  the  balanced  lever  at  the  right 
side  of  the  tank  and  the  vertical  rod.  Whenever  the 
water  level  in  the  tank  falls  below  a  predetermined  limit, 
the  steam  supply  to  the  pumps  is  reduced  or  cut  ofP. 

As  the  liberation  ol'  air  from  the  feed  water  is  "'reatest 
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when  the  water  approaches  the  boiling  jjoinl,  it  is  desir- 
able  that   an   air-liberating   device   be   condjined   with   a 
feed-water  heater  through  which  the  water  passes  before 
entering  the  boilers  and  thus  prevent  as  far  as  possible  J 
the  admission  of  air  with  the  feed  water. 

Fig.  4  shows  a  good  combined  heater  and  air  extractor^ 
in  which  steam  enters  the  central  supporting  pipe,  and] 
after  passing  through  the  distributing  chamber,  flows'] 
down  through  the  double  coils.  The  condensed  water, 
from  the  coils  is  discharged  into  a  hotwell  or  feed  tank.. 
The  feed  water  is  heated  bv  contact  with  coils  of  gradual] 
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ly  increasing  temperature  and  finally  passes  through  the 
central  discharge  tube  where  it  is  in  contact  with  the  inlet 
steam  pipe,  the  surface  of  which  is  of  maximum  tem- 
perature. The  feed  water  on  its  upward  course  through 
the  heater  is  rapidly  raised  in  temperature,  and  on  pass- 
ing through  the  contracted  area  at  the  edge  of  the  in- 
verted cone,  its  upward  velocity  is  so  increased  that  the 
air  bubbles  are  carried  to  the  surface  of  the  water  in  thi' 
dome  where  they  are  liberated  and  accumulate  until  tlic 
water  level  is  forced  downward  enough  for  the  tioat  iu 
the  chamber  connected  to  the  heater  to  fall  and  open  the 
air-discharge  valve  at  the  top. 

Most  generating  stations  have  a   Hoat-controUed   feed 
pump,  or  an  air-collecting  and  discharging  feed  heater. 


Fid.  4.    Skctioxal  YiKW  of  Sui!I--.u'h  Fwv.n  TTkatkr 


and  sometimes  both;  so  that  little  air  enters  a  lioilcr  with 
the  feed  water  and  thence  passes  with  the  steam  into  the 
condenser. 

Investigation  has  shown  that  nearly  all  the  air  which 
enters  a  condenser  is  due  to  the  leakage  of  joints  and 
glands  subjected  to  pressure  less  than  that  of  the  at- 
mosphere. 

Minimum  air  leakage  is  experienced  when  the  steam- 
condensing  and  power-producing  apparatus  consists  of  a 
steam  turbine  having  tight  glands,  few  and  accessible 
joints,  and  the  connections  to  the  condenser  water  sealed. 
Maximum  air  leakage  is  usually  found  in  reciprocating 
engines,  where  numerous  glands  are  subjected  to  a  pres- 
sure lower  than  the  atmosphere,  and  where  auxiliary  en- 


gines exhaust  into  the  main  condenser.  In  such  plants 
the  actual  loss  of  power  on  the  main  unit  by  air  leak- 
ing into  the  condenser  through  the  auxiliary  engines,  is 
so  great  that  it  may  exceed  their  total  power,  and,  there- 
fore, the  auxiliary  engines  should  exhaust  into  a  separate 
condenser  at  atmospheric  pressure  or  into  an  exhaust- 
steam  feed-water  heater.  This  possible  loss  in  power  on 
the  main  unit  is  caused  entirely  by  the  air  drowning  of 
the  tubes  in  the  condenser,  which  results  in  a  reduced 
rate  of  condensation  and  a  less  perfect  vacuum. 

If  a  condenser  could  be  had  containing  no  air,  the 
ideal  condensing  possibilities  would  be  realized  and  the 
condensation  of  steam  under  vacuum  would  be  very  sim- 
]ilc,    as   the   lieat    transfer    Ihi'ough    the    tulx's    from    the 


Fig.  .5.   Coxtkaflo  Condenser 

steam  to  the  circulating  water  would  be  at  a  maximum 
for  given  conditions,  thus  producing  the  lowest  tempera- 
ture possible  under  such  circumstances.  Moreover,  in 
the  absence  of  air,  the  temperature  throughout  the  con- 
denser would  be  approximately  the  same,  and  no  an- 
inunp  01'  air-wilhdi-awing  device  wottld  be  required.  How- 
ever, air  being  always  present,  it  is  necessary  to  consider 
how  to  keep  the  ratio  of  air  in  the  condenser  at  a  mini- 
mum. 

jSTormally,  when  a  condenser  is  under  load,  the  air  en- 
tering and  leaving  it  in  a  given  time  is  the  same;  but 
the  ratio  of  air  to  steam  in  different  parts  of  the  con- 
denser varies  greatly.  For  iiLstance,  at  the  exhaust-steam 
inlet  of  a  reasonably  air-tight  system  the  air  to  steam  is 
so  small  that  its  eiTect  is  almost  negligible.  As  the  vapor 
passes  through  the  condenser  and  the  steam  condenses, 
the  f)ercentage  of  air  increases  rapidly,  until  at  the  air- 
pump  suction  the  air  forms  a  very  considerable  propor- 
tion of  the  mixttire.  The  weight  of  air  in  a  condenser 
does  not  depend  entirely  on  the  capacity  of  the  air  pump, 
but  to  a  very  large  extent  on  the  design  of  the  condenser. 
The  high  surface  efficiency  in  all  modern  condensers  is 
hirgely  due  to  the  abseiue  of  idle  corners  or  ])ockets  which 
woidd  soon  fill  tip  with  the  air  hanging  around  the  tubes, 
as  the  transfer  of  heat  and  rate  of  condensation  in  sucli 
idle  parts  would  be  reduced  to  a  minimum. 

Another  very  important  feature,  which  has  only  re- 
cently been  emphasized  and  brought  to  the  notice  of  en- 
gineers by  D.  B.  Morison,  is  that  the  steam  passiuL" 
through  the  condenser  should  be  so  directed  and  guided 
that  its  kinetic  energy  is  utilized  in  driving  the  air  on- 
ward toward  the  air  outlet.  This  feature  with  others, 
forms  the  basic  principle  of  Ihc  new  f'ontraflo  Kinetic 
Condenser,  the  patents  for  which  arc  owned  liy  llic  Con- 
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traflo  Condenser  &  Kinetic  Air  Pump  Co.,  Ltd.,  of  Lon- 
don. This  condenser  is  of  simple  construction,  as  will 
be  seen  from  Fig.  5,  which  illustrates  a  popular  design 
now  put  forward. 


Fig. 


6.    Diagrammatic  Arrangement  of  Two-Stagk 
Pump  Discharging  Condensate  to  Tank 


The  reasons  wliiih  ]>rompted  this  particular  design 
were  as  follows:  Experiment  had  shown  that  condensing 
efficiency  is  promoted  in  a  surface  condenser  when  the 
aerated  steam  is  caused  to  pass  over  the  condensing  sur- 
face in  a  continuous  current  having  uniform  distribution 
and  uniform  direction  of  flow  toward  the  outlet  from  the 
condensing  chamber.  It  was  known  from  previous  ex- 
perience that  the   insulation   effect   of   the   air  particles 


Fig.  7. 


Diagrammatic  Arrangement  of  Kinetic  Air 
Ejector  for  High  VAcmi:M 


which  impinge  on  the  tubes  at  the  steam  entry  is  pre- 
judicial to  condensing  efficiency,  while  at  the  exit  the  air 
density  may  be  such  as  to  render  the  tube  surface  prac- 
tically  inoperative  for   condensing  vapor.     Further,  the 


fact  was  borne  in  mind  that  steam  enters  a  condenser,  as, 
for  example,  from  a  steam  turbine,  at  a  velocity  of  about 
51)0  ft.  per  sec,  and  that  at  this  velocity  the  kinetic 
energy  of  flow  is  considerable.  As  a  consequence  it  was 
decided  to  direct  the  incoming  steam  by  plates  so  as  to 
pass  over  the  condensing  surface  in  a  direction  to  pro- 
mote stream  lines  of  steam  flow  vertically  or  obliquely 
downward  toward  the  air  outlet.  Thus  the  eddying  of 
air  particles  in  their  passage  through  the  condensing 
chamber  is  prevented  and  the  kinetic  energy  of  steam 
flow  is  utilized  for,  as  it  were,  compressing  the  air  into 
the  air  outlet  and  so  assisting  the  air  pump  to  withdraw 
the  air  from  the  condenser. 

When  water  of  condensation  is  withdrawn  from  a  con- 
den.ser  with  the  air  as  by  an  air  pump,  it  becomes  highly 
aerated,  but  when  withdrawn  separately,  it  may  be  re- 
moved in  a  state  of  minimum  aeravion  mid  delivered  di- 
rect to  the  feed  tank  or  feed  pump. 


PunpSucton     o  cl^^ye  fa  Tank 


Fig.  s.    Diagrammatic  Arr-vngement  of  Kinetic 
System 

Fig.  6  shows  a  rotary  w'ater-expelling  device  which  i- 
now  being  largely  used  in  England.  The  apparatus  cmi- 
sists  of  two  pum})s,  the  first  or  head  pump  discharging 
into  a  receiver  that  is  connected  to  the  second  or  pressure 
pump.  This  receiver  is  also  connected  to  the  condenser 
so  as  to  provide  a  free  escape  for  any  air  that  may  be 
carried  into  the  receiver  in  suspension  in  the  water.  It 
Mill  also  be  noticed  that  the  discharge  from  the  fi]>t 
]iump  is  in  the  direction  of  the  suction  inlet  to  the  secoinl 
]iump,  so  that  the  kinetic  energy  of  the  water  discharge!  I 
liy  the  head  pump  assists  its  flow  into  the  pressure  pump. 
Before  head  and  pressure  pumps  were  adopted,  renio\- 
jng  the  water  from  a  condenser  by  a  centrifugal  pump 
required  placing  the  pumj)  some  distance  below  the  con- 
denser to  produce  such  a  head  on  its  suction  side  ;is 
v.ould  insure  its  satisfactory  working.  Tn  the  head-and- 
pressure-pump  system  the  pumps  may  be  ])ractically  on 
a  le\'el  with  the  bottom  of  the  condenser,  the  first  pump 
producing  the  artificial  head  on  the  suction  side  of  the 
second  pump,  thus  avoiding  need  of  room  below  the  con- 
denser which  often  is  not  available,  especially  on  ship- 
board. 
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While  describing  this  rotary  system  of  water  with- 
drawal, reference  may  be  made  to  the  Kinetic  air  pump 
with  which  such  excellent  results  have  recently  been  ob- 
tained. Fig.  7  shows  the  system  diagramniatically  and 
Fig.  8  the  Kinetic  air  pump  combined  with  the  head 
and  pressure  pumps.  In  Pig.  8  the  head  and  pressure 
|iump  A  driven  by  the  steam  turbine,  B,  is  removing  the 
water  from  the  condenser.  This  water — the  boiler  feed — 
is  delivered  into  the  tank  C,  from  which  it  is  withdrawn 
by  the  Kinetic  pump  D  and  is  redelivered  into  the  tank 
through  the  nozzles  at  E.  The  arrangement  at  E  is  the 
Kinetic  ejector  and  is  best  seen  in  section  in  Fig.  7.  Its 
function  is  to  take  hold  of  the  mixture  of  steam  ami  air 
coming  from  the  ejector  steam  jet  F  and  pass  it  into  the 


tank  C.  The  supply  for  the  steam  jet  F  is  the  exhaust 
from  the  turbine  B  and  as  this  steam  is  condensed  by 
the  feed  water  passing  through  the  water  ejector  E,  the 
whole  of  the  heat  in  the  system  is  conserved  in  the  feed 
water  and  can  be  returned  to  the  boiler. 

Several  large  installations  based  on  the  Contraflo 
Kinetic  principles  are  under  construction,  including  a 
large  plant  for  Chicago,  which  has  an  overload  capacit\ 
of  35,000  kw. 

From  the  foregoing  it  will  be  seen  that  the  question 
of  air  in  high-vacuum  surface  condensers  is  one  thai 
must  be  considered  by  every  engineer  whether  he  be  de- 
signing or  siiiierintending  the  niiniing  of  a  steam-con- 
densing phuit. 


Some  Remarkable   Examples  of   Soot 


SYNOI'iSIS — ^oiJic  liUcrcitiiuj  c.raiiiijlev  of  -suul  forma- 
tion on  boiler  tubes,  due  to  lack  of  frequent  bloiving  the 
tubes.  It  is  shown  that  a  suitable  soot  blower  will  reduce 
furl  coii-suniption  bij  krcpiiifi  I  lie  lubex  clean. 

In  talking  of  soot,  the  average  engineer  is  likely  to 
think  of  a  soft  carbon  deposit,  such  as  is  produced  by  a 
smoky  lamp.  That  this  impression  of  the  character  of 
soot  that  collects  in  boilers  is  widespread,  is  evidenced 
by  the  fact  that  in  prai'tically  all  articles  and  catalogs 
dealing  with  the  sulijcci  of  snot,  the  table  from  ''Kent's 
Handbook,"  giving  the  licat-insulating  values  of  ditfereut 
substances  is  invariably  (inotnl.  The  figure  for  lamp- 
black is  then  used  to  show  the  harmful  effect  of  soot 
accumulations  on  boiler  tubes. 

As  a  matter  of  fact,  the  deposits  on  Ijoiler  tubes  have  a 
higher  insulating  value  than  lampblack  l)ecanse  they  in- 
crease the  depth  of  the  stagnant  gas  (ilm. 

Many  engineers  also  seem  to  be  under  the  impression 
that  soot  will  only  collect  on  boiler  tul)es  when  bitumin- 
ous coal  is  burned.  While  it  is  true  that  soot,  in  the  com- 
monly accepted  use  of  the  word,  is  niui'e  likely  to  foi-ni 
on  boiler  surfaces  when  burning  soft  coal,  the  accom- 
panying photographs  prove  that  the  deposits  actually 
found  on  the  outside  of  the  tubes  of  water-tube  boilers 
are  composed  of  many  subsiances  l)esides  soot  and  that 
practically  all  boilers,  irrespective  of  the  kind  of  fuel 
burned,  are  subject  to  these  deposits. 

The  deposits  shown  in  the  illustrations  are  largely 
made  up  of  ash  carried  by  the  draft  and  deposited  upon 
the  tube.  They  are  also  composed  of  inorganic  matter 
from  the  fuel  which  volatilizes  in  the  lire  ami  then  con- 
denses when  coming  in  contact  with  tln'  (•omparati\'ely 
cool  tube. 

When  the  deposits  lirst  occur  the  ash  is  in  the  form  of 
a  dust  or  powder,  which  can  be  easily  removed,  Imt  if 
the  deposit  is  allowed  to  accumulate  there  is  a  strong  pos- 
sibility that  in  time  it  will  fuse  together.  ])roducing  some 
of  the  clinker  formations,  as  shown. 

Undoubtedly  the  formation  of  this  clinker,  which  ac- 
cumulates on  to])  of  the  first  layers  of  powdered  matter, 
is  because  the  deposit  is  allowed  to  become  thicker.  Its 
heat-insulating  qualities  become  greater,  therefore,  the 
hot  gases  cannot  come  into  contact  with  the  cool  tubes 
and  finally  the  soot  accumulation  thickens  until  a  tem- 


perature IS  reached  wliuli  is  sullicient  to  fuse  the  material 
on  the  top  layers. 

The  sooty  deposits  found  in  modem  Iwilers  may  be 
classified  as :  Molten  slag,  which  forms  as  stalactites  on 
the  lower  row  of  tubes  when  .set  close  to  the  fire.  It  is 
not  common  and  cannot  be  blown  off.  ('linker  on  top 
of  the  tube.  Fig.  1,  fovmd  only  in  tlic  first  pass,  is  a 
light  jjorous  clinker  forming  on  top  of  the  first  deposit 
and  shows  how  the  first  powdery  deposit,  which  can  l)c 
easily  removed,  will  fuse  together  and  clinker  under  the 
action  of  heat. 

A  cemented  mass  of  clinker.  Fig.  2,  is  found  only  in 
the  lower  rows  of  tubes  of  the  first  i)ass.  The  deposit  i> 
hard,  brittle  and  porous.  A  scaly  deposit  is  due  to  nujis- 
ture  in  products  of  combustion  cementing  the  ash  de- 
liosit.  It  is  frequently  found  throughout  the  boiler,  Fig. 
'■'>.  This  deposit  was  taken  from  the  first  pass  of  a  B.  &  W. 
boiler,  using  buckwheat  coal,  having  about  16  per  cent, 
ash  content,  hand  fired.  Tliis  deposit  has  the  appearance 
of  scale,  it  is  white,  soft  and  is  made  up  almost  entirely 
of  ashes.  The  small  cakes  can  easily  be  pulverized  in 
the  fingers,  into  a  smooth,  fine  powder.  It  is  noncom- 
bustible  and  cakes  around  the  entire  tube.  It  can  be  easily 
blown  ofi^. 

The  samples  of  soot  illustrated  herewith  are  not  se- 
lected ones,  but  represent  the  general  run  of  deposits 
found  on  boiler  tubes.  Many  of  the  modern  tendencies 
in  boiler  practice  are  conducive  to  the  formation  of  de- 
posits, such  as  those  shown  in  the  illustrations.  One  ot 
these  tendencies  is  the  use  of  higher  drafts,  and  the  forc- 
ing of  boilers  at  continuous  overloads.  High  drafts  take 
u]>  the  lighter  noncombustible  particles  from  the  fire  and 
carry  them  over  and  deposit  them  upon  the  tube.  The 
more  general  use  of  stokers  also  produces  the  same  re- 
sult :  that  is,  the  burning  of  larger  cprantities  of  fuel  per 
square  foot  of  grate  area.  High  rate  of  driving  also  pro- 
duces higher  gas  temperature  throughout  the  boiler,  mak- 
ing fusing  more  probable. 

One  of  the  harmful  efl:'ects  of  such  deposits  which  up 
to  the  present  time  has  not  been  fully  appreciated,  is 
that  besides  its  direct  heat-insulating  value,  the  porous 
character  of  the  deposit  forms  a  large  number  of  small 
cells  which  are  active  in  retaining  the  gases  of  combus- 
tion and  thus  greatly  increase  the  depth  of  the  stagnant 
gas  film  around  the  boiler  tubes,  whicli  has  a  marked  ef-  ■ 
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feet  upon  reducing  heat  trrtn.sniission.  An  expeniiieut 
by  Sir  Jolin  Durstou  proved  the  temperature  of  tlie  gas 
side  to  be  58  deg.  higher  thau  the  water  side.  In  other 
words,  the  entire  loss  of  temperature  from  the  IGOO-  to 
3000-deg.  temperature  of  the  gases  of  combustion  down 
to  within  36  or  58  deg.  of  the  water  is  due  to  loss  through 
the  gas  film. 

The  formation  of  tliis  jjurous  cliulier  wliicli  is  so  ef- 
fective iu  entangling  the  gases  and  increasing  the  depth 
of  the  film,  also  renders  ineffective  the  .scrubbing  action 
of  high  velocity  gases  in  removing  the  film,  which  is  re- 
ceiving so  much  attention  at  present.  Furthermore,  when 
this  clinker  gets  thick  enough  to  bridge  over  adjacent 
tubes  it  seriously  interferes  with  the  draft. 

Although  the  first  deposits  are  soft  and  in  the  form  of 
powder  which  can  easily  be  blown  off,  boilers  are  often 


once  every  watcli,  which  is  oflcncr  than  is  (■\cr  done  hy 
haiid.  This  method  of  blowing  tubes  does  not  reduce 
the  furnace  efficiency  as  no  doors  have  to  be  opened,  al- 
lowing infiltration  of  air.  In  one  large  plant  now  being 
installed,  having  38  boilers,  the  blow  doors  are  omitted 
entirely,  thus  doing  away  with  the  source  of  air  infiltra- 
tion which  always  reduces  the  CO,  percentage. 

To  show  that  soot  results  in  a  higher  temperature  of 
gases  from  the  boiler,  the  following  figures  were  taken 
at  one  plant  equipped  with  recording  instruments.  An 
average  for  one  month's  cleaning  the  tubes  by  hand  gave 
a  leaving  temperature  of  517.8  deg.  and  a  CO.  average 
of  11.2  per  cent.  A  similar  set  of  readings  covering  tiio 
same  length  of  time  when  the  lioilers  were  bloAvn  every 
day  with  a  soot  cleaner  gave  a  1cni|iri-nl  iire  of  301.8  deg. 
and  a  ('0„  averasre  of  11.8  ]>rr  n-iit.     The  ('0_,  jjcrcent- 
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1.  Clinker  Formation 
ON  Top  of  Tubes 


Fig.  2.   Clixki:!!  Forxt)  in    Vi 
Pass  of  Lowin;  Eow  of  Tibk: 
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installed  with  the  only  piovision  made  for  soot  removal 
being  a  few  small  portholes  in  the  side  walls  of  the 
setting.  Through  these  doors,  some  of  them  at  a  great 
lieight  from  the  floor,  the  fireman  is  supposed  to  insert 
a  perforated  steam  pijDe  and  blow  off  the  soot.  This  job 
is  awkward,  and  as  the  pipe  is  hot,  the  job  is  shirked  as 
much  as  possible.  This  method  is  also  inefficient  and 
primitive,  as  only  the  parts  of  the  tubes  near  the  blow 
doors  are  cleaned,  the  soot  being  blown  away  from  these 
tubes  to  those  more  distant.  In  fact,  no  boiler  10  ft. 
wide  can  be  cleaned  by  hand  unless  alley  spaces  at  the 
side  are  unusually  ample,  thus  wasting  valuable  floor 
space. 

The  most  satisfactory  method  of  thoroughly  removing 
soot  and  ashes  is  by  means  of  a  suitable  soot  cleaner  in- 
stalled as  part  of  the  boiler  equipment.  As  a  result, 
even  the  tubes  in  the  center  are  as  effectively  cleaned  as 
those  on  the  sides,  or  in  the  case  of  boilers  set  iu  batteries, 
the  tubes  on  the  far  side  are  cleaned  as  thoroughly  as 
those  on  the  alley  side. 

The  operation  of  such  a  cleaner  is  simple,  as  it  is  only 
necessary  to  open  valves,  and  blow  the  soot  from  the  tube 
surfaces.     The  lioiler  tui)es  can  be  blown  frequently,  say, 


age  is  given  merely  to  .'-;how  that  tile  ctHciency  of  lirir,  _ 
in  both  cases  was  practically  the  same. 

Thus  it  is  seen  that  with  a  soot  cleaner  the  slack  liin- 
perature  averaged  126  deg.  lower,  corresponding  roughly 
to  a  saving  of  6  per  cent,  in  fuel.  Other  tesls  have  shown 
even  greater  savings.  These  savings  are  nuire  thau  enough 
to  pay  for  tlie  soot  cleaner  in  less  than  a  year,  and  be- 
sides this  must  be  added  the  greatly  rcMliucd  cost  fcr 
labor  in  cleaning  the  boiler  over  the  hand  method. 

The  samples  of  soot  from  which  the  accompanying  il- 
lustrations were  made  were  secured  by  engineers  of  tb" 
New  York  office  of  the  Vulcan  Soot  Cleaner  Co..  to  wlnuii 
we  are  indebted  for  data  contained  herewith. 


G.  Riggr  has  investigatt-d  the  cuu.sis  nf  th^-  d.tirioiati.n 
of  firebricks  during  use  ("Journ.  Ind.  Knu.  Chem.."  p.  Ti^'. 
1913).  and  concludes  that  other  things  being  equal  the  resist- 
ance to  the  action  of  corrosive  slags  and  gases  is  greater 
the  more  compact  and  close-textured  the  brick  is.  "Spalling" 
of  close-textured  brick  is  due  to  the  use  of  unsuitable  cti  ■ 
or  poor  workmanship,  or  both.  It  is  possible  to  prepii 
close-textured  firebrick  containing  considei-able  amounts  "'" 
coarse  material,  provided  that  sufficient  care  be  taken  in  siz- 
ing the  grog,  so  that  the  interstices  between  the  larger  frag- 
ments shall  be  filled  as  completely  as  possible  by  smaller 
fragments. 
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Pittsburgh's  Large  Pumping  Engine 


7,000,000-Gal.  Pumping  Engine  in  the  Mission  St.  Station,  Pittsbukgh  Wateb-Woeks  System 


Herewitli  is  a  view  of  one  of  the  pumps  iu  the  new 
Mission  St.  pumping  station  of  the  city  water-works  sys- 
em  of  Pittsburgh,  P.eim.  This  engine  is  one  of  two  ver- 
ical,  triple-expansion,  high-duty  pumping  engines  built 
or  this  station  by  the  JBetlilehem  Steul  Co.,  Bethlehem, 
?enn.,  at  a  cost  of  $1 50,000.  The  engines  pump  against 
I  head  of  461  ft.  and  each  has  a  guaranteed  duty  of  175,- 
XIO.OOO  ft. -lb.  per  thousand  pounds  of  dry  steam  supplied. 

The  other  principal  items  in  the  equipment  with  their 
:ost  and  by  whom  they  were  sujiiilied  are  as  follows: 

Two  water-tube  boilers,  $13,500.  E.  Keeler  Co.,  Wil- 
iamsport,  Pcini. 


Electric-generating  equipment,  $2500.  Dravo-Uoylc 
Co.,  Pittsburgh,  PeJin. 

Electric  traveling  crane,  $1000.  Northern  Engineer- 
ing Works,  Detroit,  Mich. 

Steam  piping,  $7000,  and  feed- water  heater,  $1500. 
National  Valve  &  Manufacturing  Co.,  Pittsburgh,  Penn. 

Coal-  and  ash-handling  apparatus,  $7500.  Seottdalc 
Foundry  &  Machine  Co.,  Scottdale,  Penn. 

Flue  lining,  $1700.  H.  W.  Johns-Manville  Co.,  New- 
York  City. 

Oiling  system.  $3000.  S.  F.  Bowser  &  Co.,  Fort 
Wayne,  Ind. 
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Terry  Return-Flow  Turbine 


,<TNOPSIS — A  new  turbine  in  which  a  novel  departure 
in  the  internal  arrangemenl  apparently  tiolves  the  trouble 
from  qland  leakage. 

A  new  multi-.stage  fondensiiig  turbine  developed  by  t^'^' 
Terry  Steam  Turbine  Co.,  Hartford,  Coun.,  has  .several 
radical  departures  in  details  of  construetiou.  Fig.  1 
is  an  exterior  view  of  the  turbine,  Fig.  3,  a  view  with  the 
ujiper  half  of  the  casing  lifted,  exposing  the  rotor,  and 
Fig.  3,  a  sectional  ele\ali(in. 


Fig.   1.  The  Tei;ky   1ii:tli!X-Flow   Steam  Turbine 

One  of  the  new  feature.-*  is  the  arrangement  for  over- 
coming gland  leakage,  which  will  appeal  to  power-plant 
engineers  who  well  know  how  difficult  it  is  to  locate  air 
leaks  in  an  pxhaust  system ;  the  manufacturers  of  the 
condensing  equipment  blame  it  on  the  turbine  glands  and 
the  turbine  manufacturers  invariably  blame  it  on  the  con- 
densing equipment. 

In  this  machine  the  low-pressure  element  has  been  re- 
versed. The  steam,  after  coming  to  rest  in  the  high-pres- 
sure element  at  a  pressure  slightly  above  atmospheric, 
flows  through  an  ample  passage,  as  shown  in  Fig.  3,  to 
the  opposite  end  of  the  turbine  where  it  returns  through 
the  low-pressure  element  toward  the  high-pressure  end. 
ft  is  this  feature  that  gives  tlie  turbine  its  name  "return 
flow."  The  exhaust  passage  is  in  the  center  of  the  tur- 
bine, and  the  low-pressure  gland,  which  ordinarily  is  ex- 
posed to  the  atmosphere,  has,  on  its  high-pressure  side,  a 
body  of  steam  wliich  forms  an  ideal  seal,  and  what  is 
more  important,  prevents  the  entrance  of  air. 

The  construction  consists  in  general  of  a  combination 
of  two  elements ;  the  high-pressure  element  taking  steam 
at  boiler  pressure  and  expanding  it  down  to  practically 
atmospheric  pressure,  and  the  low-pressure  element  fur- 
ther expanding  the  steam  down  to  the  condenser  pressure. 

The  high-pressure  element  is  identical  with  the  stand- 
ard sinirle-stase  machines  manufactured  for  a  number  of 


years  Ijy  the  Terry  company,  except  for  refinements  o: 
design  in  the  nozzles  and  .stationary  passsiges.  As  cus 
tomary  in  the  type  the  steam  is  expanded  completely  h 
diverging  nozzles,  the  energy  then  being  extracted  by  sue 
cessive  impul.ses  on  the  wheel.  The  return  buckets  o 
reversing  chambers  are  designed  so  that  the  steajn  enter, 
both  the  buckets  of  the  wheel  and  the  reversing  chani 
bers  themselves  without  shock. 

.Vfter  the  steam  conies  to  rest  in  the  first  stage  it  i 
led  i)y  a  pas.sage  over  the  toi>  of  the  turbine  to  the  inlet  o 
the  low-pressure  stages.  These  stages  are  of  the  actioi 
type,  each  consisting  of  a  series  of  nozzles  attached  to 
stationary  diaphragm  and  discharging  against  a  singl 
vow  of  moving  blades.  Each  stage  is  designed  to  utilize 
the  maximum  amount  of  energj'  available  by  adiabati' 
expansion  between  the  pressures  at  the  entrance  and  tb 
exit  of  the  nozzles.  After  the  steam  leaves  ea^h  row  o 
moving  blades  (except  the  last)  it  is  redirected  into  tb 
inlet  of  the  next  set  of  nozzles  so  that  the  residual  veloc 
ity  is  not  destroyed  in  a  series  of  eddies.  The  result  i 
a  higher  overall  efficiency  than  would  be  obtained  wer 
the  steam  allowed  to  come  to  rest  after  caih  action. 

Ample  blade  area  in  the  last  wheel  and  low  exit  veloc 
ity  reduce  the  carryover  losses.  Another  feature  of  th^ 
low-pressure  action  elements  is  the  nozzles  with  mac-hine( 
inner  surfaces,  which  could  not  be  so  constructed  wer 
the  nozzle  plates  cast  in  the  diaphragms. 

T^ie  turbine  in  general  has  the  usual  Terry  character 


Fig.  2.  The  Casixg  Lifted.  Expo.si.xg  the  Eotoi; 

istics,  surh  as  horizontally  split  easing,  permitting  tin 
runner  to  be  removed  for  examination  without  disturbinj 
the  steam  or  exhaust  connections.  The  high-pressun 
element  is  of  the  usual  Terry  type  and  well  fitted  t( 
cope  with  slugs  of  water  should  they  get  through  thi 
separator  and  the  governor  \al\e.     Another  advantage  ii 
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at  ill  the  higli-pvessiire  element  large  clearances  can  lie 
ed,  for  this  is  wliero  the  highest  temperatures  are  found 
(1,  consequently,  the  greatest  tendency  to  distortion, 
le  machine  is  less  subject  to  damage  from  starting  up 
short  notice  as  the  point  at  which  the  most  danger 
ists  when  making  a  quick  start  from  cold  is  at  the  high- 


signed  to  give  ample  steam-passage  area  as  well  as  provide 
accessibility  for  inspection  or  adjustment.  The  turbine- 
casing  glands  are  of  the  labyrinth  type  throughout,  both 
between  the  low-pressure  stages  as  well  as  at  the  point 
where  the  shaft  leaves  the  casing.  No  soft  packing  metal 
is  used  in  tlie  turbine  glands,  nor  are  any  lubricants  re- 


FiG.  3.  Sectional  Elevatiox  of  the  Terry  Eeturn-Flow  Turp.ixe 


essure  end,  where  the  iiighest  temperatures  and  the 
eatest  temperature  differences  exist.  This  part  of  thr 
ichino  being  designed  with  large  clearances  and  with 
e  adjacent  parts  very  heavy,  even  should  rubbing  occur, 
i  serious  results  would  be  experienced. 
The  low-pressure  element  is  self-contained  and  can  be 
ted  out  complete  with  the  shaft.  The  low-pressure 
iding  is  mounted  on  segments  that  can  be  removed  for 
?pection  without  disturbing  the  wheels  or  diaphragms. 
The  turbine  casing  is  supported  directly  from  the  bear- 
g  pedestals,  being  attached  by  a  cylindrical  web  close 
the  shaft.  The  plane  of  the  pedestal  feet  is  also  close 
the  shaft  so  that  trouble  from  change  of  vertical  clear- 
ees  when  the  machine  is  heated  np,  as  well  as  dangers 
>m  casing  distortion  are  minimized.  The  bearing  hous- 
es proper  are  bolted  to  cylindrical  seats  in  the  pedestal 
'bs.  The  actual  surface  in  contact  is  narrow  and  there 
considerable  space  between  the  bearing  housing  and  the 
destal  web,  allowing  an  air  circulation  that  reduces  the 
lount  of  heat  carried  to  the  bearing-oil  reservoirs  by 
nduction. 

The  turbine-governor  valve  is  made  in  a  self-contained 
lit  and  embraces  the  main  governor,  which  is  fitted  with 
jiistable  and  renewable  seats,  an  emergency  governor, 
d  a  steam   strainer.     The  valve  body  is  carefully  de- 


quired  for  any  of  the  glands.  It  will  be  found  that  the 
outer  glands  have  very  little  to  do  other  than  keep  the 
steam  inside  of  the  turbine  case,  at  about  1  lb.  or  2  in. 
pressure,  from  leaking  into  the  engine  room. 

Forced  lubrication  is  provided  throughout,  as  well  as 
ring  lubrication,  which  gives  a  dual  system  to  cover  any 
emergency. 

Combination  Pump  Valve 

This  valve  is  made  of  a  composition  that  will  give 
under  high  pressure  and  temperature.  In  order,  how- 
ever, to  prevent  the  flexible  valve  from  cutting  on  the 


Combination  Pump  Valve 

valve  seat,  a  flat  metallic  disk  of  the  same  diameter 
the  nonmetallic  body  is  used. 
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As  !^1kiwii  in  the  illnslvation.  tlio  center  of  the  metiillir 
disk  lits  in  the  counter-suuk  portion  of  tlie  valve  disk, 
Init  is  not  attached  to  the  valve  other  than  by  tlie  lit 
ill  llie  counter-sunk  portion.  The  metal  disk  is  on  the 
bottom  side  of  the  valve  disk  and  its  object  is  to  resist 
wear  when  seating  against  the  vah'e  seat. 

The  valve  is  manufactured  by  the  Peck  Engineer!  iij;- 
&  Manufacturing  Co..  230  Milk"  St.,  Rochester.  N.  Y. 

Solutions  for  Absorbing  COo,  O  and  CO 

Bv  C'haulks  M.  RoGKiiy 

The  methods  here  described  for  mixing  reagents  for 
the  Orsiit  or  similar  hand  flue-gas  analyzers  have  liceii 
found  very  satisfactory. 

Solution  fob  CO. 

The  most  important  constituent  of  flue  gas  to  be  delcr- 
iniiied  for  commercial  work  is  carbon  dioxide  (CO.).  Its 
determination  is  elfected  by  absorption  in  a  solution  "f 
cither  caustic  soda  (sodium  hydroxide,  NaOH)  or  potash 
(potassium  hydroxide,  KOH).  Of  these  two,  the  one 
most  commonly  used  is  KOH.  A  33-per  cent,  solution  is 
best  adapted  for  this  work,  and  is  made  as  follows:  Dis- 
solve one  part  of  KOH  (stick  form)  in  two  parts  of 
water,  by  weight,  and  allow  to  stand  until  thoroughly 
cooled  before  using.  This  will  absorb  from  35  to  45 
limes  its  own  volume  of  CO,.  That  is,  if  the  pipette 
contains  150  c.c.  KOH,  it  will  absorb  5000  c.c,  or  5  liters 
of  COo.  If  the  measuring  burettes  are  graduated  to  100 
C.C..  the  pipette  containing  the  solution  prepared  as  above 
may  be  used  to  make  500  determinations  averaging  10 
jier  cent.  GO,  each  time.  Age  has  hardly  any  weakening 
efEect  on  it.  A  complete  alisorplion  of  CO,  should  not 
take  over  three  minutes.  The  potash  may  be  purchased 
from  a  druggist  or  dealer  in  chemicals.  The  chemically 
jjure  (c.p.)  stick  form  is  preferable  for  this  work.  Care 
-hould  be  taken  in  handling  the  caustic  potash  as  it 
attacks  the  clothing  and  skin.  The  air  has  practically 
no  detrimental  efl'ect  on  the  solution,  although  it  should 
he  kept  stoppered  as  there  is  a  slight  change  to  carbonate. 

Oxygen  Solution 

The  solution  for  al)sort)ing  oxygen  (0)  is  not  so  easily 
made  and  requires  more  care  than  the  caustic  potash. 
Oxygen  is  usually  determined  by  absorption  with  either 
phosphorous  or  alkaline  pyrogallate.  The  latter  will  be 
given  here  as  it  is  better  adapted  for  use  in  an  Orsat 
type  of  instrument,  and  accurate  results  may  lie  olitained 
if  proper  precautions  are  taken. 

It  is  well  not  to  mix  more  than  is  needed  to  iill  the 
absorption  pipette,  as  a  freshly  pre])ared  solution  will 
give  the  best  i-esults,  and  there  is  less  likelihood  of  its 
lieing  spoiled  by  absorbing  oxygen  from  the  air.  A  good 
solution  is  made  by  dissolving  15  gm.  of  pyrogallic  acid 
in  50  c.c.  of  water.  The  exact  proportions  are  not  essen- 
tial. The  pyrogallic  will  dissolve  readily  in  the  water 
without  changing  its  appearance  materially.  This  is  then 
mixed  with  about  75  or  100  c.c.  of  the  KOH  solution 
pre])ared  as  given  in  the  preceding  paragraph  for  the 
absorption  of  CO.^.  The  solution  turns  to  a  very  dark- 
brown  color.  As  soon  as  the  two  are  mixed  the  solution 
is  ready  for  use  and  should  be  immediately  transferred 
to  the  pipette  in  the  Orsat,  or  jihiced  in  a  dark-colored 


and  lightly  stojipcred  bottle.  Pyrogallo!  will  not  spoil 
l\y  exposure  to  air  while  in  solution  with  water,  but  asi 
soon  as  it  is  mixed  with  the  KOH  it  becomes  a  strong! 
reducing  agent  and  should  be  used  as  soon  after  mixing| 
as  jiossible.  The  gas  should  be  passed  to  and  from  the> 
l)ipette  about  three  or  four  times  in  5  or  6  min.  At  the  end 
of  this  time  the  oxygen  should  be  completely  absorbed. 
It  is  very  important  that  tlie  solution  should  be  freshly 
prepared  and  made  strongly  alkaline  iiy  the  KOH,  as 
otherwise,  carbon  monoxide  (CO)  is  likely  to  be  given 
oft'  as  the  oxygen  is  absorbed.  This  not  only  sh(i\\~  a 
lower  oxygen  but  a  higher  CO. 

The  solution  as  prepared  above  will  absorli  about  5  or . 
f)  times  its  own  volume  if  used  when  freshly  prepared; 
that  is,  one  charge  in  a  pipette  should  last  for  about  75 
sam])les,  each  containing  an  average  of  10  per  cent, 
oxygen.  If  there  is  any  doubt  as  to  the  strength  of  the 
]eagent,  an  absorption  of  the  oxygen  in  the  air  should 
lie  made,  and  if  30.8  per  cent,  is  not  readily  obtained,  a 
fresh  solution  should  be  nnide.  The  pyrogallic  acid  may 
be  procured  from  any  dealer  in  chemicals.  It  is  a  white, 
flaky  jjowder  and  usually  comes  in  tin  cans  or  dark- 
colored  bottles,  and  should  be  kept  unex}K)sed  to  the  air. 

AnsoiiBiNG  ('Aitijox  Monoxide 

It  is  difficult  to  determine  accurately  the  small  per- 
centage, if  any,  of  carbon  monoxide  (CO)  in  the  flue 
gas ;  and  unfortunatelj-  its  presence  is  of  vital  importance. 
The  usual  reagent  for  absorbing  CO  is  an  acid  solution 
of  cuprous  chloride  (Cu,Cl,).  Enough  to  fill  a  pipette 
can  be  made  by  dis.solving  32  gm.  of  Cu.jCl,  in  150  c.c. 
of  hydrochloric  acid  (HCl)  of  specific  gravity  1.12.  The 
acid  is  only  used  as  a  solvent,  a.«  Cu,Cl,  will  not  dissolve 
in  water,  and,  therefore,  its  exact  purity  is  immaterial. 
The  pure  solution  is  colorless,  but  u])ou  being  exposed 
to  air  oxidizes  and  darkens.  This  weakens  the  solutioa 
but  little,  however.  It  can  be  kept  colorless,  or  nearly 
so,  by  placing  a  bundle  of  copper  wires  in  the  container. 
If  the  oxidation  is  allowed  to  proceed  until  the  solution  i 
becomes  dark  green,  it  should  be  removed.  This  solution 
will  absorb  less  than  one-half  its  own  volume.  When  a; 
sample  containing  a  very  small  percentage  of  CO  is 
brought  in  contact  with  cuprous  chloride  that  has  been 
used  to  nearly  its  capacity,  the  solution  gives  oS  CO 
instead  of  absorbing  it.  It  is  good  to  have  a  small  pad 
or  piece  of  slate  tacked  beside  the  cuprous-chloride  pip- 
ette upon  which  the  amounts  of  all  the  CO  are  tabulated, 
and  when  their  sum  exceeds  the  capacity  of  the  solution, 
it  should  be  replaced.  The  complete  absorption  should 
not  require  any  more  time  than  for  the  oxygen.  About 
three  washings  in  7  or  8  min.  are  sufficient,  according 
to  the  amount  of  CO.  The  average  time  required  to. 
determine  the  three  gases,  CO,,  0'  and  CO,  should  not 
exceed  15  min.  m 


Chance  is  frequently  at  liome  in  the  boiler  house,  when 
it  -nould  not  be  allowed  to  enter  the  engine  room,  says  "Power 
User,"  London.  If  an  engineer  were  to  run  a  heavily  fly- 
wheeled  engine  at  a  speed  which,  by  simple  calculation,  he 
could  tell  was  very  much  too  higrh.  and  the  flywheel  burst — 
where  would  his  reputation  and  his  job  go  to?  Again,  assum- 
ing he  had  discovered  a  suspicion  of  a  fracture  in  his  fly- 
wheel, would  he  be  exonerated  in  the  event  of  a  smash,  by 
saying:  he  reduced  his  revolutions  somewhat  when  he  made 
the  discovery?  And  yet.  in  the  boiler  house,  where  the  un- 
certainty of  things  is  vastly  greater  than  in  the  engine  roo: 
things  go  on  as  they  are. 


I 


Ortobcr  28.    1913  PO  W  ER  601 

Sjiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiii iiiiiiii I Ill iiiiiii mill iiiiiiiiiiiiiiiiiniiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiniiiiiii^ 

I  ELECTRICAL     DEPARTMENT  I 


illllllllliiniililiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiii iiiiiHiininiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinniniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinniiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^ 


The  Induction  Motor — II 

liv   F.  A.  AXXKTT 
StATOI;  AM)   I'dTDli  CONSTKUOTIOKS 

As  explained  in  I'art   I,  the  induction  motor  consists 
essentially  of  two  elements,  a  primary  and  a  secondary. 


Fig.  7.  Core-Fkame  TiiiiEn-riiASE  Induction  Motok 


iietic  flux  set  up  by  tlie  alternating  currents  in  the  stator 
binding,  as  was  also  explained. 

Polyphase  induction  motors  in  most  cases  are  built  for 
two-  and  three-phase  circuits  and  are  of  the  squirrel-cage 
or  wound-rotor  types,  depending  upon  the  class  of  ser- 
vice for  which  they  are  intended.  The  squirrel-cage  rotor 
type  is  used  in  places  requiring  practically  a  constant 
speed  under  varying  loads  A\-here  a  large  starting  torque 
is  not  required,  ami  where  the  large  starting  current 
at  the  low  power  factor  required  by  the  motor  is  not  ob- 
jectionable. The  wound-rotor  type  should  be  used  where 
a  large  starting  torque  is  required  and  a  heavy  starting 
current  is  objectionable,  such  as  starting  motors  on  light- 
ing circuits.  This  type  can  also  be  used  for  variable- 
s]>eed  service  requiring  practically  a  constant  torque  aiid 
where  efficiency  is  of  secondary  consideration.  The  stator 
winding  for  both  types  is  the  same,  the  only  structural 
ditference  is  in  the  construction  of  tlie  rotor,  as  will  be 
explained  later. 

Five  to  ten  years  ago  polyphase  induction  motors  built 
by  the  various  electrical  manufacturers  had  about  the 
same  general  appearance,  but  recent  years  have  brought 
about  many  departures  to  improve  the  operating  char- 
acteristics of  the  motor  with  a  reduction  in  weight  for 
a  given  output.  This  has  been  done  by  better  propor- 
tioning of  the  slots  and  windings,  improvement  in  the 
quality  of  laminated  iron  and  steel  used  in  the  cores,  bet- 
ter provisions  for  ventilating  and  improved  methods  of 
manufacture. 

The  stators  of  induction  motors  are  built  in  three  gen- 
eral types,  the  core-frame  type,  the  skeleton-frame  type 
and  the  riveted-frame  type. 


Fiu.  8.    Skeleton-Frame 
Motor 


Fig.  9.  Eiveted-Fra:me  Motor, 
G.  E.  Type 


Fig.  10.  Eiveted-Frame  Motor, 
AVicsTiN'GTiorsF,  Type 


The  primary  winding  which  is  connected  to  a  source  of 
alternating  current  is  placed  upon  the  stationary  part  of 
the  motor,  and  is  visually  referred  to  as  the  stator;  the 
secondary  Avinding  is  placed  upon  the  rotating  part  of  the 
motor  and  is  referred  to  as  the  rotor.  The  latter  wind- 
ing has  currents  induced  in  it  by  the  action  of  the  mag- 


Fig.  7  shows  the  stator  complete  with  its  winding  of 
an  Allis-Chalmers  core-frame-type  induction  motor.  The 
laminated  stator  core  is  built  up  of  high-grade  electrical 
steel  punchings  which  arc  carefully  annealed  and  coated 
with  an  insulating  varnish.  This  treatment  is  to  reduce 
the  core  losses  to  a  minimnni.     In  the  larger  motors  these 
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punchings  are  assembled  in  the  stator  frame  with  spacers 
introduced  at  intervals  to  form  ventilating  ducts  through 
which  currents  of  air  are  forced  by  the  rotating  mem- 
ber, thereby  carrying  off  the  heat  from  the  interior  of  the 
machine.    Lugs  are  cast  on  tlie  inner  surface  of  the  frame 


¥m.  11.  Rotor  Used  in  Motor  of  Fig.  7 


combines  great  strength   with   largo  radiating  capacity. 

The  rotors  of  polyphase  induction  motors  are  built  in 
two  general  types,  the  squirrel  cage  and  wound  rotor.  The 
rotor  core  of  a  squirrel-cage-type  induction  motor  is 
built  up  of  steel  laminations  in  a  manner  similar  to  the 
stator  core.  In  small  sizes  the  laminations  are  mounted 
0)1  the  shaft;  in  the  larger  sizes  they  are  mounted  upon' 
a  spider,  the  arms  of  which,  in  some  cases,  are  shaped 
f<i  as  to  act  as  fan  blades.  The  I'otor  winding  consists 
of  a  number  of  copper  bars  insulated  with  fiber,  each 
l)laced  in  its  individual  slot  and  held  in  place  by  the  over- 
hanging tips  of  the  teeth.  In  some  cases  insulating  ce- 
ment is  used  to  insulate  the  bars  in  the  slots. 

One  of  Ihe  weak  spots  in  the  early  squirrel-cage  motors 
was  the  connection  between  the  rotor  bars  and  the  short- 
circuiting  end  rings.  From  the  effects  of  heavy  strains 
and  high  temperatures  the  connections  invariably  worked 
loose.  To  overcome  this  defect,  as  well  as  imjirove  other 
characteristics  of  the  induction  motor  the  manufacturers 
have  devised  the  many  methods  of  rotor  construction. 


Flu.  12.  RoTOK  WITH  Bars  Siiort-Circuited  at  Ends 
BY  Thin  Rings 

to  support  the  stator  core.  A  larger  space  is  left  between 
the  frame  and  stator  core  and  holes  are  cored  in  the 
frame  which  assists  in  making  the  motor  run  cool. 

Fig.  8  shows  a  General  Electric  Co.  skeleton-frame  in- 
duction motor.  It  will  be  noted  that  all  superfluous 
metal  has  been  omitted,  but  at  the  same  time  the  design 
has  resulted  in  a  frame  that  is  stiff  and  rigid  with  con- 
siderable reduction  in  weight.  The  stator  core  is  keyed 
to  the  frame  ribs  and  held  at  each  end  by  iron  rings  se- 
cured to  the  frame.  This  type  is  for  sizes  above  15  hp. 

A  General  Electric  Co.  induction  motor  of  the  riveted- 
frame  type  is  shown  in  Fig.  9.  The  cored  frame  usually 
employed  to  hold  the  stator  punchings  has  been  entirely 
eliminated  and  the  weight  of  the  motor  is  con-siderably 
decreased.  The  laminations  arc  securely  clamped  between 
two  cast-iron  flanges  or  end  plates  while  under  hydraulic 
pressure.  This  construction  is  employed  in  small  motors. 

Fig.  10  shows  a  Westinghouse  riveted-frame  motor 
that  is  built  in  sizes  from  1  to  200  hp.  The  laminations 
are  riveted  under  hydraulic  pressure  between  two  pressed- 
steel  end  rings.  The  foot  or  base  is  of  pressed  steel  and 
is  securely  riveted  to  the  end  rings.  The  particular  forma- 
tion of  the  laminations  and  the  way  they  are  assemliled 


Fifi 


13.  Showing  Copper  Short-Circuiting  "Ring 
Welded  beneath  Bars 


Fig.  14.  Rotor  with  Cast-On  End  Rings,  Westing- 
house  Type 

Fig.  11  shows  the  rotor  used  in  the  stator  of  Fig.  7. 
The  short-circuiting  rings,  which  are  copper  disks  with 
holes  bored  in  them  near  their  outer  periphery  to  receive 
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the  ends  of  the  bars,  are  net  away  from  the  ejid  of  the 
rotor  core,  thus  allowing  projections  to  he  placed  on  the 
end  of  the  core  to  act  as  fan  blades.  The  short-circuiting 
rings,  being  a.way  from  the  core,  will  dissipate  heat  much 
faster  than  if  in  contact  with  it  and,  therefore,  will  be 


niechanical  and  electrical  standpoint  is  represented  in 
Fig.  15.  The  slots  in  the  core  instead  of  being  parallel 
with  the  shaft  as  in  the  other  types  shown  are  diagonal. 
Instead  of  using  the  usual  bar  winding  the  rotor  con- 
ductors are  made  by  cutting  a  slit  in  a  wide  bar  of  cop- 


Vu:.    !.">.    SiroAvixG    DiAiiiixAi.    Slots 

much  cooler  I'ur  a  given  cross-section.  The  ends  of  the 
bars  are  turned  down  and  then  expanded  into  the  holes 
in  the  disks,  and,  to  prevent  corrosion,  are  soldered. 

Fig.  18  shows  the  type  of  rotor  used  in  the  smaller  sizes 
of  stators  shown  in  Fig.  8.  The  bars  are  short-circuited 
at  the  ends  by  a  number  of  thin  rings.  These  end  rings 
are  of  considerable  radial  depth  and  arc  held  apart  by 
projections  formed  on  the  i-iiig  itself  when  tlie  rectangular 


{a) 
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per  and  j)ulling  this  out  into  the  familiar  form  of  dia- 
mond-sliaped  coil.  Fig.  16  shows  the  bar  before  and  after 
forming  such  a  coil;  a  is  the  copper  bar  with  a  slit  cut 
in  it  and  b  the  coil  after  it  has  been  formed.  This  con- 
struction results  in  a  permanent  short-circuit  of  the  rotor 
without  the  use  of  any  bolted,  riveted  or  soldered  connec- 
tion. This  design  is  the  product  of  the  Burke  Electric  Co. 
Fig.  17  shows  the  rotor  of  a  Crocker-Wheeler  induction 
motor.  The  end  rings  are  made  up  of  a  helical  arrange-, 
ment  of  strips.     In  assembling  these  segments  they  are 


(b) 


Fig.   16.  Bar,  before  and  after  Forming 

holes  are  punched  near  the  outer  peripliery ;  the  projec- 
tions also  form  ample  area  for  soldering  the  rings  to  the 
bars.  This  multiple  end-ring  construction  affords  excel- 
lent ventilating  facilities  when  the  motor  is  in  operation 
and  the  cross-section  of  the  metal  can  be  smaller  than  for 
a  solid  ring.  The  projecting  ends  of  the  bars  improve 
the  ventilation  of  the  motor  by  drawing  in  currents  of 
air  and  forcing  it  through  the  ends  of  the  stator  windings 
and  ventilating  ducts  in  the  core.  For  the  larger  sized 
skeleton-frame  motors  shown  in  Fig.  8  a  welded  end  ring 
is  used  as  shown  in  Fig.  13;  a  cylindrical  copper  ring 
of  sufficient  cross-section  is  placed  beneath  the  bars  at 
each  end  of  the  rotor  and  then  welded  to  each  bar.  This 
makes  good  electrical  as  well  as  good  mechanical  con- 
nections. The  projecting  end  of  the  bars  have  the  same 
effect  in  improving  the  ventilation  as  those  in  Fig.  13. 

The  rotor  shown  in  Fig.  14  is  used  in  the  motor  of 
Fig.  10.  In  this  type  the  bars  are  insulated  in  the  slots 
by  a  special  insulating  cement.  In  sizes  above  15  hp. 
the  end  rings  are  cast  on  as  shown,  which  results  in  good 
electrical  as  well  as  mechanical  connection  between  the 
rotor  bars  and  short-circuiting  end  rings. 

An  interesting  example  of  rotor  construction  from  a 


Fig.  18.  Rotok  with  Carbon  End  Rings 

placed  on  the  "'•otcr  bars  in  such  a  way  tliat  each  one  over- 
laps the  one  ahead  of  it,  and  in  looking  down  on  the 
rotor  the  rings  have  a  helical  appearance.  It  is  claimed 
that  this  type  of  laminated  end-ring  construction  has  a 
better  distribution  of  the  current  than  where  the  end 
rings  are  made  up  of  complete  rings,  for  the  inner  rings 
tend  to  take  more  than  their  share  of  the  current. 

The  rotor  of  a  Fairbanks-Morse  induction  motor  is 
shown  in  Fig.  18.  The  conductors  are  flat  strips  of  cop- 
per placed  on  edge  in  the  .slots.  This  construction  has 
made  it  possible  to  eliminate  all  insulation  between  the 
bars  and  the  slots  in  the  rotor  core  up  to  75  hp.  Above 
this  size  the  bars  are  insulated  with  asbestos.  The  end 
rings  are  cast  on  at  a  temperature  of  over  1000  deg.  C. 
After  casting,  the  rings  are  turned  down  to  size  and  an 
inspection  groove  is  cut,  as  shown,  to  indicate  that  the 
fusion  between  the  ring  and  bars  is  complete.  The  rotor 
bars  have  a  Sirocco  fan  effect  giving  ventilation. 
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Compression  Ratio  vs.  Efficiency 

The  etl'ect  of  conipres-sioii  ratio  on  the  etfieiem-y  ni'  n 
pis  engine  as  given  iu  a  paper  bv  Professor  Asakawa  and 
.].  ]'].  Petavel  before  the  British  Association  for  tlie  Ad 
vancement  of  Science,  and  re])orted  in  Gas  and  Oil  Power, 
IS  stated  in  the  following  conclusions: 

"The  l)rake  horsepower  at  full  ])ower  increases  m  the 
same  proportion  as  the  theoretical  air  efficiency,  so  that 
the  ratio  of  the  two.  or  the  relative  efficiency,  remains 
constant  at  about  55  per  cent.  Under  light  loads,  the 
increase  of  frictional  losses  with  high  compression  ratios 
nearly  cuuuterbalances  the  gain  in  thermodynamic  effi- 
ciency ;  and,  hence,  vhile  the  absolute  efficiency  remains 
ronstant.  the  relative  efficiency  falls.  At  all  loads,  the 
mechanical  efficiency  is  higher  for  low  compression  ratios. 
At  full  load,  it  fell  from  79  to  T-t  per  cent.,  as  the  com- 
pression ratio  rose  from  3.7  to  5.6:  at  one-quarter  load 
it  fell  from  54  to  50  per  cent,  for  the  same  change  of 
compression  ratio. 

"The  indicated  power  at  full  load  increases  at  a  liighci' 
rate  than  would  be  indicated  by  the  air  standard,  and  at 
light  loads  at  the  same  rate.  Hence  the  relative  indi- 
cated efficiency  increases  at  full  load  and  remains  con- 
stant at  light  loads.  In  the  tests  conducted  on  a  "^5-11]). 
engine  and  using  gas  having  a  lower  calorific  value  of 
520  B.t.u.  ))er  cu.ft.  at  '-Vl  deg.  F..  the  consumption  at 
full  power  was  "21  cu.ft.  ]X'r  b.hp.-hr.  with  the  lowct^t 
compression:  and   10  cu.ft.  with  the  highest. 


The  Motorship  "Wotan" 

Consideralde  interest  was  shown  in  the  motor  tankship 
"Wotan"  of  the  Deutsche-Amerikanische  Petroleum 
(iesellschaft  which  arrived  at  Xew  York  ou  Oct.  4.  and 
after  taking  on  a  cargo  of  oil  at  the  Standard  Oil  Co.'s 
ducks,  left  again  on  Oct.  8. 

Aside  from  being  one  of  the  largest  motorships  atluat 
'he  "Wotan"  is  pro]xdled  by  the  largest  marine  Diesel 
engine  that  has  yet  entered  this  port.  This  is  a  six-cyl- 
inder,  two-stroke-cycle,   Reichersteig-Carcls   engine   with 


cylinders  231/2  '"•  diameter  liy  43-in.  stroke,  and  develop- 
ing at  90  r.p.m.,  2500  hp.  At  this  propeller  speed  the 
vessel  is  driven  at  10  knots  per  hour. 

In  general  appearance  the  engine  follows  very  closely 
marine  steam-engiue  design,  aside  from  the  cylinders  and 


Fig.   1.   MoToiiSHip   "Wotan 


Fig.  2.  Exgixe  of  the  "WoT.\>r."  Showing  Compre.ssoe 
ON  End  ok  Shaft 

valves,  (if  i-durse.  The  cylinders  ai'e  supported  separately 
by  columns,  but  are  grouped  in  pairs,  thus  making  a 
three-section  crankshaft,  each  section  of  the  same  lenglli, 
and  thus  making  it  necessary  to  carry  only  one  spare 
length.  There  are  two  scavenging  pumps  driven  by  an 
oscillating  beam  from  one  of  the  main  crossheads.  Coul-' 
ing-water  pumps,  bilge  pumps  and  a  compressor  supply- 
ing air  for  the  steering  engine  are  similarly  driven.  Air 
for  fuel  injection  is  furnished  by  a  three-stage  air  com- 
piessor  on  the  Eeavell  principle,  eccentrically  driven  from 
I  lie  crankshaft.  This  may  be  seen  at  the  end  of  the  en- 
i^ine  in  Fig.  2.  An  auxiliary  air  compressor  of  the  samei 
type  is  driven  by  a  separate  four-stroke-cvcle  engine. 

The  valve-gear  is  of  the  regular  Carels  design,  there 
being  four  scavenging  valves,  one  fuel  valve  and  a  start- 
ing valve  to  each  cylinder.  Reversing  is  effected  by  turn- 
ing the  camshaft  through  an  angle  of  30  deg. 
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Among  the  auxiliaries  there  is  a  steam-driven  com- 
pressor and  two  electric  generators,  one  driven  by  a  Diesel 
and  the  other  by  a  steam  engine. 

At  sea  all  auxiliary  operations  are  intended  to  i)e  per- 
formed by  oil  engines,  compressed  air  or  electricity,  but 
for  use  while  in  port  there  is  an  oil-fired  steam  boiler  to 
take  care  of  the  steering  gear,  the  anchor  hoists,  wind- 
lasses and  pumps.  While  this  boiler  is  in  service  it  also 
supplies  steam  for  heating.  At  sea,  heating  is  provided 
for  liy  a  small  low-pressure  boiler  using  coke  for  fuel. 

Thoroughness  in  Purchasing  Small 
Engines 

The  tendency  of  many  purchasers  of  machinery  to 
buy  equipment  in  a  haphazai'd  manner  is  one  of  the  chief 
causes  of  ultimately  expensive  service.  There  is  a  cer- 
tain art  about  spending  money  efficiently,  whether  it  he 
for  a  rug  or  for  a  gasoline  motor,  and  the  careful  buyer 
who  makes  a  thorough  study  of  the  important  points  to 
he  covered  in  selecting  a  machine  for  a  given  duty  is 
sure  to  be  recompensed  for  the  trouble  such  work  entails. 
In  buying  a  small  engine,  for  example,  many  engineers 
pre  content  with  securing  bids  from  well  known  manu- 
jfacturers,  calling  for  prices,  guarantees  as  to  performance 
and  economy,  and  a  statement  as  to  the  probable  or 
promised  date  of  delivery.  This  may  be  well  enough  in 
Jsome  cases,  Imt  what  it  means  to  buy  an  engine  after  a 
really  thorough  study  of  its  features  is  well  indicated 
by  the  following  list  of  points  recently  included  for  the 


consideration  of  prospective  bidders  to  supply  an  aero- 
plane engine  for  military  service: 

Light  total  weight,  economy  of  fuel  consumption,  ab- 
sence of  vibration,  smooth  running,  whether  in  normal 
or  inclined  position  find  whether  at  full  power  or  throt- 
tled down;  slow  running  under  light  loads,  quality  of 
workmanship,  silence,  absence  of  deterioration  after  tests, 
simplicity  of  construction,  suitable  shape  to  minimize 
head  resistance,  precautions  against  accidental  stoppage, 
that  is,  dual  ignition,  adaptability  for  starting  otherwise 
than  by  propeller  swinging,  accessibility  of  parts,  free- 
dom from  fire  risk,  absence  of  smoke  or  of  ejections  of 
oil  or  gasoline,  convenience  in  fitting  in  aeroplane,  rela- 
tive invulnerability  to  small-arm  projectiles,  economy 
in  bulk,  weight  and  number  of  minimum  spare-part 
ecpiipment,  excellence  of  material,  price,  delivery  and 
satisfactory  operation  under  climatic  variations  in  teni- 
pei'ature. 

H.  S.  Knowlton. 

Cambridge,  Mass. 

Mechanical  Efficiency  of  Gasoline 
Engines 

The  mechanical  efficiency  of  any  machine  is  the  ratio 
of  output  to  input.  For  a  steam  engine,  gas  or  gasoline 
engine,  this  is  obtained  by  dividing  the  brake  horsepower 
by  the  indicated  horsepower. 

It  may  interest  users  of  gasoline  engines  of  the  hit- 
and-miss  type  with  constant  gasoline  level  feed  to  know 
that  the  mechanical  efficiency  of  such  engines  can  be 
closely  approximated  without  the  iise  of  a  prony  brake 
or  indicator;  simply  count  the  explosions  at  full  load  and 
at  no  load. 

Wlien  a  gasoline  engine  is  running  at  normal  speed 
and  zero  load,  fuel  must  constantly  be  injected  into  the 
cylinder  to  overcome  the  friction  of  the  piston  rubbing 
against  the  cylinder,  the  friction  of  the  distributing  shaft 
and  bearings,  the  windage  friction  and  the  force  neces- 
sary to  suck  the  mixture  into  the  cylinder.  The  quan- 
tity of  mixture  thus  taken  in  is  directly  proportional  to 
the  number  of  explosions  inasmuch  as  the  same  weight 
of  gasoline  is  injected  into  the  (cylinder  before  each  ex- 
]ilosion.  A  gasoline  engine  of  high  mechanical  efficiency 
will  not  explode  as  often  when  pulling  zero  load  as  will 
an  engine  of  low  mechanical  efficiency. 

For  example,  an  engine  that  I  once  tested  exploded 
100  times  per  minute  when  pulling  full  load.  With  the 
load  thrown  off  it  exploded  20  times  per  minute.  It  is 
evident,  therefore,  that  only  (100  —  20)  80  explosions 
were  used  in  doing  useful  work.  Here  80  explosions  are 
proportional  to  the  brake  hor.sepower  and  100  explosions 
to  the  indicated  horsepower.  Hence,  the  mechanical  effi- 
ciency of  that  particular  engine  was  80  ^-  100  =  80  per 
cent.  The  formula  f(n'  this  method  is : 
..  .Ve  —  No 

''M-  = 


Mrr//. 


^\ 


Wh 


Ne 


Xuniber  of  exjilosinns  ]ier  minute  when   run- 
ning at  full  load. 
No  =  Xnmber  of  explosions  per  minute  when   run- 
ning at  zero  load. 
Brooklyn,  N".'  Y.  S.  F.  Wilson. 
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Comparative  Installation  and  Operating 
Costs  of  a  Combined  Ice-Manufac- 
turing and  Cold-Storage   Plant* 

Hy   E.   H.   TaIT  Ai\U   L.   C.    XORDJIEYER 

The  basis  of  this  comparison  is  a  pUiiit  having  a  ca- 
pacity of  60  tons  of  ice  per  day  of  24  hr..  and  a  cold- 
storage  capacity  of  10(),0(X)  cu.ft.  The  cost  of  building 
and  machinery  equipment  is  figured  three  ways:  First, 
with  a  simple  steam  plant ;  second,  with  a  compound  con- 
densing plant ;  and,  third,  with  the  Diesel  engine.  The 
cold-storage  space  will  require  a  refrigerating  capacity  of 
20  tons,  which  is  equivalent  to  12  tons  of  ice-making  ca- 
pacity. The  refrigerating  machines  and  equipment  must, 
therefore,  be  capable  of  developing  the  equivalent  of  72 
tons  of  ice-making  capacity  for  24  hr.  daily. 

In  the  latitude  of  St.  Louis  it  has  been  found  that 
if  the  output  of  the  month  of  July  is  figured  at  full  capac- 
ity, then  the  output  in  July  is  approximately  15  per  cent, 
of  the  annual  output.  In  the  case  under  consideration, 
the  yearly  work  is,  therefore,  equivalent  to 

72  X  31  X  100       ,,  „„.  , 


15 


=    1-1, 


It  is  assumed  that  the  plant  would"  be  erected  in  the 
Southwest,  and  fuel  oil  is  figured  at  95c.  per  bbl.  of  42 
gal.  Artesian  water  is  available  at  87  deg.  F.  and  city 
water  at  90  deg.  F. 

BriLDIXGS 

The  cost  of  the  buildings,  including  boiler  and  engine 
room,  freezing-tank  room,  cold-storage  house  and  all  in- 
sulation will  be  approximately  $60,000.  The  necessary 
building  space  will  be  practically  the  same  for  all  three 
types  of  plant.  The  fixed  charges  against  the  building 
are  for  interest,  6  per  cent.;  insurance  and  taxes,  ly^  per 
cent. ;  depreciation,  5  per  cent.,  making  a  total  of  121/^ 
per  cent,  of  $60,000,  or  $7500  per  year.  Inasmuch  as 
14,880  tons  of  ice  represent  the  j-ear's  work,  the  build- 
ing charge  will  be  50.4c.  per  ton  of  ice. 

Simple  Steaji  Plant 

In  this  plant  it  is  contemplated  to  iise  air  lifts  to  pump 
the  water  from  the  artesian  wells  to  furnish  the  necessary 
water  for  the  plant  in  connection  with  a  water-cooling 
tower.  The  mechanical  equipment  will  include  water- 
tube  boilers,  boiler-feed  pumps,  feed-water  heater,  smoke- 
stack, two  60-ton  refrigerating  capacity  machines,  am- 
monia-compression system,  distilling  sj'stem,  freezing 
system,  steam  and  exhaust  connections,  air  lifts  and  air 
compressor,  circulating-water  pumps,  cooling  tower,  pip- 
ing for  cold-storage  rooms,  brine  pumps,  brine  cooler,  all 
steam,  brine  and  ammonia  pipe  covering,  60-kw.  gen- 
erator  and   engine,   ammonia,   calcium   and   foundations 
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for  machinery.  It  is  estimated  that  the  complete  equip- 
ment, delivered  and  erected,  including  engineers'  fees,  will 
be  $65,000.  The  total  cost  of  the  plant,  including  build- 
ing and  machinery,  will,  therefore,  be  $125,000.  The 
auxiliary  pumps  about  the  plant  will  consi-st  of  duplicate 
units,  one  steam-driven  and  one  electrically  driven. 

It  is  estimated  that  there  will  be  burnt  3.08  bbl.  of  oil 
per  hour  under  the  boilers  when  operating  at  full  capac- 
ity. With  oil  costing  95c.  per  bbl.  and  the  capacity  being 
72  tons  irr  making,  the  fuel  cost  per  Ion  of  ice  will  be 

3.08  X  95  X  24       „^  ^.  ■ 
72 =  l-''-f-"--                           ij 

The  operating  cost  i.s*  estimated  as  follows :  '  ; 

Two  firemen  at  $720  per  year S144B  i 

Two  engineers  at  $1230  per  year-  24S0 

Two  oilers  at  $720  per  year.  .  .  .  1440  - 

One  handy  man 900 

Oil,  waste,  etr 


300 


$6540 
$0  439  per  ton  of  in 
0   14  per  ton  of  ioe 


Total 

$6540    ^ 
14,880 
Ice  handling 

Total  operating  expeiLSe .  .  SO .  .579  per  ton  of  ioe 

Fixed  charges  on  the  mechanical  equipment  are  for  in- 
terest on  machinery  investment,  6  per  cent. ;  in.suranee ' 
and  taxes,  11/^  per  cent. ;  depreciation  and  obsolescence, 
5  per  cent.,  making  a  total  of  121/2  per  cent,  on  $65,000' 
or  $8125.     Fixed  charges  per  ton  of  ice  are  then 

$8125  -=-  14,880  =  $0,546 
The  total  cost  per  ton  of  ice  is  given  in  the  following: 


Fixed  charges 

Fuel 

Operating  expenses 

Total 

Fixed  charges  on  buildinjr 

Total  cost 


50,546 
0  976 
0  579 

$2  101 

0.504 


•Paper    read    before    the    Third    Inte 
Refrigeration. 


itional    Congress    of 


$2,605. 

Attention  is  called  to  the  fact  that  the  total  cost  of  ice, 
as  given  above  and  in  the  later  deductions,  is  higher  than 
the  actual  cost  of  ice  at  the  platform,  owing  to  the  fact 
that  the  fbced  charges  on  the  machinery  and  building  in- 
clude the  fixed  charges  on  the  brine  cooler,  Ijrine  pumps, 
cold-storage  house  piping,  cold-storage  house  building 
and  insulation  which  should  be  properly  charged  against 
the  cold-storage  house  only.  As  these  are  the  same  in 
each  case  considered,  the  costs  given  in  each  case  will 
not  affect  the  comparison.  As  the  ammonia  cost  will 
dejiend  on  the  care  given  the  plant,  and  should  b' 
same  for  each,  it  has  not  been  u.sed  in  the  estimated 
per  ton   in  making  the  comparison. 

CoiiPOUND  Condensing  Steam  Plant 

In  this  plant  the  water  will  be  pumped  from  thi'  n- 
tesian  wells  in  the  same  manner  as  in  the  simple  steam 
plant.  The  engines  on  both  of  the  refrigerating  machines 
and  oil  the  generator  will  be  compound  condensing.  The 
boilers  will  be  equipped  with  economizers,  so  that  the 
best  efficiency  may  be  obtained  in  the  complete  plant. 
The  complete  cost  of  the  mechanical  equipment,  includ- 
ing engineers'  commission,  is  estimated  at  $76,400. 

When  operating  under  full  load  there  will  be  consumed 
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-.'.:;s  libl.  of  oil  per  hour,  making  the  fuel  cost  $2.26  per 
liciii'.  or  $0,753  per  ton  of  ice.  The  operating  expenses 
Idi'  labor,  oil,  waste,  etc.,  will  be  $0,579  per  ton  of  ice, 
the  same  as  for  the  simple  steam  plant.  The  fixed 
charges  against  the  investment  will  be 

0.125  X  $76,400  =  $9550  =  $0.6-42  per  ton  of  ice 
iThe  total  cost  per  ton  of  ice  is,  therefore,  given  in  the 
following: 

Fixed  charges  .  .»642 

Fuel 0.753 

Operating  (MiNt  0.579 

Total  without  building  charge.  S1974 

jBuilding  charge 0 .  504 

I         Total  cost «2  47S 

The  complete  cost  of  plant  is  as  follows: 

Cost  of  machinery .  S76,400 

Cost  of  building .  .  00,000 


70,000  cu.ft.  of  water  costs,  , 
193,500  cu.ft.  of  water  at  7c.  per  100 


DiE.SEL    EXGINK    PlANT 

In  this  plant  city  water  will  be  used  for  the  making 
of  raw-water  ice  and  for  the  cooling-tower  make-up.  Ail 
auxiliaries  around  the  plant  will  be  driven  by  electric 
current.  Power  will  consist  of  two  225-b.hp.  Diesel  en- 
gines, to  each  of  which  will  be  belted  one  60-ton  re- 
frigerating capacity  machine  and  one  40-kw.  generator. 
The  complete  mechanical  equipment  will  consist  of  two 
225-hp.  Diesel  engines,  two  40-kw.  belted  generators, 
switchboard,  two  60-ton  refrigerating  capacity  belt-driven 
refrigerating  machines,  compression  system,  raw-water 
ice-freezing  system,  cooling  tower,  two  centrifugal  water- 
circulating  pumps,  cold-storage  piping,  two  triplex  brine 
pumps,  brine  cooler,  Ijrine  and  ammonia  pipe  covering, 
ammonia,  calcium  chloride,  two  oil  tanks,  foundations  for 
refrigerating  machines,  Diesel  engines,  etc.  It  is  esti- 
mated the  complete  equipment  will  cost  $83,923,  includ- 
ing engineer's  commission. 

The  fixed  charges  again.st  the  meehanical  equipment 
will  be  as  follows : 


Depreciation  and  obsolescence  ( 

Depreciation  and  obsolescence  ( 

machinery 


7J  per  cent,  of  883,923  =  $6394 
10  per  cent,  of  S34,440  =  S3444 

5    per  cent,  of  .«-in,4S3  =  $2474 


Total $12,212 

The  fixed  charges  per  ton  of  ice  equal 

$12,212  -^  14,880  =  $0,821 

When  operating  at  full  capacity  the  power  required  by 
the  refrigerating  machine  is  estimated  to  be  282  b.hp. 
at  the  Diesel  engine  and  for  the  electric  units  97  b.hp., 
making  a  total  of  379  b.hp.  at  the  engine.  Assuming  an 
oil  consumption  of  8  gal.  per  100  b.hp.-hr.  there  would 
be  consumed  30  gal.  of  oil  per  hour,  making  the  fuel  cost 
$16.30  per  day,  or  22.6c.  per  ton  ice-making  capacity. 
The  operating  expenses  will  be  as  follows: 


Two  engineers  at  $1230  per  year . 
Two  oilers  at  $720  per  year.  .  . 

One  handy  man 

Oil.  waste,  etc 


S2460 
1440 
900 
800 


Total 
$5600  _ 
14,880  ~ 
Ice  handling 


$5600 

,      $0  376  per  ton  ice 
...        0. 14    per  ton  ice 
Total  operating  cost  ...      $0,516  per  ton  ire 

City  water  must  be  Supplied  for  making  60  tons  of  ice 
and  for  .supplying  the  losses  of  the  cooling  tower.  For 
this  purpose  there  will  be  used  263,500  cu.ft.  of  watm- 
per  month. 


From  the  above  the  total  cost  per  ton  of  ice  is  as  follows: 


Fixed  charges 

Fuel 

Operating  expense 
Water 


$0,821 
0.226 
0.516 
0  090 


Total  cost  per  ton  of  ice  

The  total  cost  of  the  plant  will  be  as  follows: 


Eesumk 

The  comparative  cast  of  installation  and  operation  oT 
the  three  tvpes  of  plant  is  given  in  ihe  accompanying 
table : 

COMPARATIVE    INSTALLATION    AND    OPERATING    COSTS 

Simple  Compound  Diesel 

Steam         Condensing         Engine 
Plant  Steam  Plant         Plant 


Cost  building .  . 
Cost  machinery.  . 

iiding  charg 

$60,000 
65,000 

$60,000 
76.400 

$60,000 
83,923 

$125,000 

$o!976 
0.546 
0.579 

$130,400 

so!  7,53' 
0.642 
0,579 

$143,923 
$0,09 
0.226 
0.821 
0.516 

Cost  water  per  ton  ice  . 

Cost  fuel  per  ton  ice 

Fixed  charges  machinery. 
Operating  cost 

Cost  per  ton  ice  without  bt 
Building  charge  per  ton  ic 

e        $2   101 
SO  504 

$1,974 
$0..504 

$1.6,53 
$0,504 

From  the  table  the  following  coMiparisons  can  lie  de- 
duced : 

Simple  vs.  Compound  Steam  Plant:  The  compound 
condensing  steam  plant  costs  $11,400  more  than  the  sim- 
ple steam  plant,  but  a  saving  of  12.7c.  per  ton  of  ice  is 
accomplished,  which  for  14,880  tons  of  ice-making  capac- 
ity per  year  amounts  to  $1889.76  per  year.  On  this  basis 
the  compound  condensing  steam  plant  will  pay  for  tln^ 
difference  in  cost  between  it  and  the  simple  plant  in  ap- 
proximately six  years. 

Simple  Steam  Plant  vs.  Diesel  Enrjliic  Plant:  The 
Diesel  engine  plant  will  cost  $18,923  more  than  the  sim- 
ple steam  plant,  but  a  saving  is  accomplished  of  44. 8e. 
]3er  ton  of  ice,  or  $6666.24  per  year.  On  this  basis  the 
Diesel  engine  plant  will  pay  for  the  difference  in  cost  be- 
tween it  and  the  simple  steam  plant  in  less  than  three 
years. 

Compound  Condensing  Plant  vs.  Diesel  Plant:  The 
Diesel  engine  plant  costs  $7523  more  than  the  compound 
condensing  steam  plant,  but  a  saving  of  32.1c.  per  ton 
of  ice  is  accomplished,  which  amounts  to  $4776.50  per 
year.  From  this  the  Diesel  engine  plant  will  ]iay  f<ir  the 
difference  in  cost  between  it  ami  the  compound  con- 
densing steam  plant  in  less  than  two  years'  time. 

From  the  comparison  given  above,  it  seems  apparent 
that  the  oil-engine  plant  would  be  an  exceedingly  gooil 
iuve.stment.  This  should  especially  be  apparent  on  ac- 
count of  the  manner  in  which  the  deductions  were  made. 
The  steam-driven  plants  were  given  the  benefit  of  the 
best  efficiency  that  could  be  obtained  ;  namely,  a  boiler 
efficiency  in  the  case  of  the  simple  plant  of  65  per  cent. ; 
and  in  the  case  of  the  compound  condensing  steam  plant, 
with  the  use  of  an  economizer,  of  711/2  per  cent. 

The  steam  consumption  of  the  simple  engine  of  the 
refrigerating  machine  was  as,sumed  to  be  27  lb.  per  i.hp.- 
hr..  while  that  of  the  electrical  generators  was  assumed 
to  be  30  lb.  of  steam  per  i.hp.-lir. 
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;  the  case  of  the  compound  condensing  steam  plant,  a 
.'^icam  consumption  of  18  lb.  per  i.hp.-hr.  was  assumed 
for  the  steam  engines  of  the  refrigerating  machine,  and 
20  lb.  per  i.hp.-hr.  for  the  generator  engines,  including 
steam  for  vacuum  pumps  and  other  auxiliaries. 

In  the  oil-engine  i)lant,  the  engines  were  credited  willi 
a  low  efficiency  of  8  gal.  per  100  b.hp.-hr..  while  it  has 
been  found  that  the  fuel  consumption  of  engines  installed 
in  the  Southwest  by  the  Busch-Sulzer  Brcs.-Diesel  En- 
gine Co.  was  approximately  6I/2  gal.  per  100  b.hp.-hr. 
under  normal  working  conditions.  In  addition  to  this, 
the  oil-engine  plant  is  charged  with  water  bought  from 
the  city,  as  against  artesian-well  water  used  in  the  steam 
plant. 

A  further  advantage  is  given  the  steam  installations 
by  charging  them  with  a  depreciation  and  obsolescence 
of  only  5  per  cent,  as  against  10  per  cent,  charged  to  the 
Diesel  oil-engine  installation. 

The  present  prices  of  fuel  oil  will  somewhat  change 
the  figures,  as  shown,  but  cannot  help  but  prove  the  oil 
engine  a  good  investment. 

Latent  Heat  of  Fusion  of  Ice 

At  the  Third  International  Congress  of  Refrigeration, 
in  Chicago,  11.  C.  Dickinson,  D.  R.  Harper  and  N.  S. 
Osborne  presented  a  paper  on  the  above  subject,  which 
included  a  review  of  previous  work  and  a  discussion  of 
the  methods  used  and  results  obtained  by  the  Bureau  of 
Standards,  Washington,  D.  C.    The  determinations  of  the 

TABLE  1.     RESULTS  OBT.MNED  UP  TO  1870 

Hciit  of 


Name 


Number  of     Temperature      Caiori* 
Date  Experiments  Range  of  Water  per  Gn 


80-0 

79.7 

143  5 

72-0 

72 

129,6 

00-0 

75 

135.0 

24-10 

79,1 

142.4 

16-7 

79  24 

142.6 

22-11 

79  06 

142  3 

19-7 

80.34 

144.6 

16-5 

80,0 

144  0 

no-0 

80,02 

144.0 

Black 1762  2 

Wilke 1 

Laplace  and  Lavoisier ......  1780  2 

Provo-stave  and  Desains.  .  .  .  1843  17 

Regnault" 1842  4 

Regnault 1843  13 

Hes3 1848  40 

Person 1850  (i 

Bunesn ,  1870  2 

heat  of  fusion  of  ice,  u]i  to  the  year  1870,  as  reviewed  liy 
A.  W.  Smith,  are  given  in  Table  1.  As  may  be  observed. 
there  is  great  variation  among  the  results.  Many  of  them 
were  based  on  but  few  experiments,  and  with  little  doubt 
were  carried  out  under  conditions  less  favorable  than 
for  those  made  more  recently.  A  summary  of  the  results 
of  the  most  important  determinations  sub.'^equeiit  to  1870 
is  given  in  Table  2. 

T.\BLE  2.       RESULTS  OBTAINED  SUBSEQUENT  TO  1870 


Number  of 

Name  Date     Experiments 

Smith 1903  S 

Bogojawlensky -  1904  6 

Behn  (c.ilculated  b.v  Roth)  1905 

Dietericil   (calculated  by  Rotli)  1905 

Mean 


at  of  Fusion 

Cat 

ries 

B.t 

1 

per  Gram 

per  Lb 

79 

59 

143 

3 

V9 

61 

143 

3 

79 

69 

143 

4 

79 

60 

143 

3 

By  the  Bureau  of  Standards,  the  heat  of  fusion  of  92 
individual  ice  samples  has  been  determined  by  either  the 
electrical  method  or  the  method  of  mixtures,  both  of 
which  are  thoroughly  explained  in  the  paper.  Of  these 
the  first  50  determinations  were  made  on  samples  cooled 
in  cryostats  antedating  those  described  in  the  paper,  in 
which  the  temperatures  and  the  distribution  of  tempera- 
ture were  not  so  well  known.  These  observations,  which 
include  commercial  plate,  can  and  natural  ice,  as  well  as 
ice  frozen  in  the  laboratory  from  double-distilled  water, 
both  free  from  air  and  containing  air,  showed  no  differ- 
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I'lice  greater  than  one  part  in  a  thousand  in  the  heat 
fusion  for  these  various  samples.      However,  on  account' 
of  the  uncertainty  in  the  initial  temperature  of  the  ice, 
the  results  were  omitted  from  the  paper. 

Four  observations  on  samples  of  ice  artifically  con- 
taniinated  with  a  mixture  of  equal  parts  of  ammonia, 
sodium  chloride,  and  calcium  chloride,  to  the  extent  of 
about  one  part  in  a  thousand,  gave  results  about  1.4 
per  cent,  lower  than  for  pure  ice.  From  the  remaining 
observations  the  results  may  be  summarized  as  follows : 

Five  observations  by  the  electrical  method  on  sam))l(< 
of  commercial  plate  ice  gave  for  the  heat  of  fusion  7!».(i."i 
calories  per  gram  mass,  with  a  mean  variation  of  0.0-..' 
calorie. 

Five  observations  by  the  electrical  method  on  com- 
mercial can  ice  gave  79.65  calories  per  gram  mass,  with 
a  mean  deviation  of  0.02  calorie. 

Eight  observations  by  the  method  of  mixtures  on  com- 
mercial can  ice  gave  79.61  calories  per  gram  mass,  with 
a  mean  deviation  of  0.02  calorie. 

Five  observations  by  the  electrical  method  on  Maine 
natural  ice  were  made,  of  which  three  were  consistent 
with  each  other  and  with  other  results,  while  two  differed 
so  much  from  the  other  results  as  to  justify  their  omis- 
sion. The  three  determinations  gave  79.65  calories  per 
gram  mass,  with  a  mean  deviation  of  0.01  calorie. 

The  mean  of  the  results  by  the  electrical  method  is 
79.65  calories  if  the  ratio  of  the  calorie  to  the  joule  be 
taken  as  4.187. 

The  mean  of  the  results  by  the  method  of  mixtures  is 
79.61  calories,  independently  of  the  ratio  of  the  joule  to 
the  calorie. 

The  mean  of  the  21  observations  gives  for  the  heat  nf 
fusion  of  ice  79.6,3  calories  per  gram  mass,  or  ajiproxi- 
mately  143.5  B.t.u.  per  lb.,  weighed  in  air  against  brn.-s 
or  iron. 

In  another  paper  before  the  congress,  A.  Leduc,  pro- 
fessor at  the  Faculty  of  Sciences,  Paris,  after  a  review  nf 
previous  work  and  a  discussion  of  the  possible  causes  of 
error,  decided  that  a  value  of  79.6  calories  could  be  taken 
as  the  latent  heat  of  fusion  of  ice  with  an  error  less  than 
one  in  a  thousand. 

The  second  section  of  the  congress  proposed  that  the 
value  143.5  B.t.u.  per  lb.  be  adopted  as  the  universal 
standard  for  the  latent  heat  of  fusion  of  ice.  but  as  far  as 
we  are  aware  no  action  has  been  taken,  and  the  matter 
will  probably  go  to  the  next  congress,  to  lie  held  in  Russia 
three  years  hence. 

Surface  ice  doubtless  protects  the  water  during  the 
severest  winter  weather,  but  it  must  be  remembered  that 
it  also  shuts  oif  the  sun's  rays  which  are  copiously  ab- 
sorbed by  the  water.  The  increasing  power  of  the  sun 
in  the  late  winter  and  spring  is  a  powerful  factor  in  ele- 
vating the  water  temperature :  but  an  opaque  coating  of 
ice  keeps  the  water  cold  and  hence  tends  to  preserve  the 
ice  sheet.  It  has  lieen  found  that  about  25  per  cent,  of 
the  sun's  heat  actually  penetrates  the  ice  sheet.  T  have 
observed  the  ice  sheet  of  Lake  St.  Peter,  on  the  St.  Law- 
rence, move  out  at  least  ten  days  earlier  than  usual  bv 
the  expedient  of  opening  a  space  in  the  river  above  the 
lake  by  means  of  an  ice-breaker,  and  thus  allowing  the 
water  flowing  into  the  lake  to  accumulate  the  full  power 
of  the  sun's  rays. — Prof.  H.  T.  Barnes,  of  McGill  Fni- 
versity. 
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Refrigeration  and  the  Present  Needs 

Popular  conception  links  the  field  of  refrigeration  Arith 
ice-making  plants,  cold-storage  warehouses  and  breweries, 
and  few  except  those  having  an  intimate  acquaintance 
with  the  subject  realize  the  magnitude  of  the  industry 
and  the  prospects  for  the  future.  It  is  generally  known 
that  the  use  of  artificial  ice  is  on  the  increase,  but  per- 
haps it  is  not  realized  that  the  manufactured  product  is 
gaining  the  ascendency  o\er  nature's  store. 

Figures  given  out  by  S.  S.  Van  Der  Yaart  at  the  re- 
cent congress  in  Chicago,  indicate  that  in  New  York  City 
sixty-five  per  cent,  of  the  ice  consumed  is  artificial.  When 
a  number  of  plants  now  in  progress  of  erection  are  com- 
pleted, it  is  expected  that  the  above  percentage  will  reach 
three-quarters  of  the  total  output.  When  this  proportion 
is  compared  to  less  than  one-fifth  nine  years  ago,  the 
rapid  growth  will  be  evident.  In  cities  near  our  northern 
boundary  and  even  in  Canada,  where  natural  ice  is  plenti- 
ful and  cheap,  ice-making  plants  have  been  installed  or 
are  contemplated,  and  in  time  the  use  of  a  considerable 
amount  of  artificial  ice  may  be  expected. 

In  the  United  States  it  is  estimated  that  there  are 
thirty-five  hundred  ice-making  plants,  with  a  total  annual 
output  of  eighteen  to  twenty  million  tons.  The  capital 
invested  in  the  ice-making  industry  proper  is  not  less 
than  a  hundred  and  fifty  million  dollars.  In  refrigera- 
tion, including  cold-storage  and  all  other  cooling,  fully 
fifty  million  more  is  invested  in  machinery.  The  pos- 
sibilities here  are  enormous.  Refrigeration  is  now  ap- 
plied to  approximately  a  hundred  and  fifty  industries, 
and  every  day  sees  some  new  application  or  extension  to 
those  existing.  Refrigeration  is  now  used  in  the  laundry, 
in  the  mining  and  paper-making  industries,  in  silk  and 
woolen  mills,  in  the  preservation  of  seeds,  in  the  manu- 
facture of  a  great  variety  of  products  and  even  in  the 
cure  or  prevention  of  tropical  diseases. 

Notwithstanding  the  technical  and  economic  import- 
ance of  refrigeration  and  the  advanced  development  of 
the  science  in  the  leading  countries  of  the  world,  educa- 
tion along  this  line  has  not  received  its  proper  share  of 
attention.  The  rapid  development  of  the  past  few  years 
calls  for  a  change.  Men  educated  to  design  and  eiBcienl- 
]y  operate  the  various  systems  employed  are  in  demand. 
Due  to  some  extent  to  the  efforts  of  the  International  As- 
sociation of  Refrigeration  notice  of  the  conditions  exist- 
ing is  being  taken  at  educational  centers.  In  some  cases 
special  courses  have  been  provided,  in  others,  elementary 
instruction  and  in  many  more  full  recognition  is  given 
to  the  importance  of  the  field.  The  laws  governing  re- 
frigeration and  the  intricacies  of  the  science  are  in  a 
class  with  those  of  steam  engineering  and  are  as  diffi- 
cult to  master.  Hence  the  need  for  thorough  instruc- 
tion and  the  installation  of  complete  courses  in  all  engi- 
neering schools. 

Prompt  action  is  needed  if  the  number  of  men  trained 
to  the  science  is  to  meet  the  demand.     The  growth  or 
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extension  of  the  refrigeratijig  field  has  not  reached  the 
high-water  mark.  It  is  only  beginning.  The  increase 
ni  the  immediate  future  should  be  rapid,  and  the  calls 
for  men  will  be  more  and  more  numerous.  In  the  past 
our  great  universities  and  technical  schools  have  not 
hesitated  to  add  to  their  instruction  or  establish  new 
courses  when  the  need  became  evident,  and  it  is  con- 
fidently expected  that  they  will  meet  the  present  require- 
ments in  the  refrigerating  field. 

Your  Son's  Vocation 

The  Aiin'riran  Luiiihcniuui  lias  made  a  suggestion  that 
has  been  flatteringly  indorsed  by  men  iirduiineiit  in  its 
field.  It  is  to  have  a  "Junior  Day"  at  their  annual  con- 
ventions to  which  the  sons  of  the  lumbermen  will  be  in- 
vited. This  is  only  part  in  a  larger  plan  to  make  the 
business  attractive  to  the  sons  so  that  they  Avill  follow 
in  their  father's  footsteps  if  they  appear  to  have  a  bent 
that  way. 

So  much  by  way  of  submitting  a  similar  thought  to  en- 
gineers. How  to  make  engineering  ap]>eal  to  the  grow- 
ing boy.  There  is  much  to  be  said  on  both  sides  as  to 
the  desirability  or  nondesirability  of  having  the  young 
man  follow  his  father's  profession.  On  one  point  cer- 
tainly all  will  be  agreed.  It  is  positively  wrong  to  coerce 
the  youth  into  any  line  of  work  that  he  is  not  in  sympathy 
with  or  for  which  he  has  no  natural  fitness.  When  a  boy 
has  had  sufficient  opportunity  to  judge  of  his  father's 
business  or  profession  and  decide  whether  or  not  he  wishes 
to  engage  in  it,  then,  by  all  means,  he  should  be  left  ab- 
solutely to  make  his  own  decision.  If  an  attempt  is 
made  to  force  him  into  an  uncongenial  line  of  activity  he 
will  start  with  a  handicap  that  almost  certainly  will  de- 
feat his  succ^eeding.  Many  obstinate  fathers  have  made 
this  mistake. 

On  the  other  liand,  there  are  those  who  have  been  so 
anxious  not  to  nnduly  influence  tlu'ir  sons  that  they  ha\o 
gone  to  the  other  extreme.  As  a  result  the  sons  have 
felt  their  sires  either  had  no  interest  in  them  or  posi- 
tively did  not  want  them  to  follow  tlieii'  lead.  Where  a 
man  has  failed  (if  success  himself  he  may  luiturally  dis- 
courage his  son's  taking  up  the  same  line  of  work.  Hav- 
ing succeeded  in  his  own  chosen  field,  a  father  has  no 
excuse  for  failing  to  acquaint  his  son  with  the  work  so 
that  the  boy  can  judge  of  his  interest  in  it.  Once  con- 
vinced of  a  youth's  desire  to  enter  a  certain  field  and  the 
probability  of  his  succeeding  in  it,  it  is  pure  neglect  for 
a  father  to  fail  in  opening  opportunities  for  him. 

Entirely  a])art  from  the  question  of  good  t(}  the  in- 
dividual is  the  one  of  the  best  interest  to  the  world  at 
large  and  progress.  Is  it  wise  to  keep  a  line  of  descent 
in  one  field  of  work,  or,  as  the  farmer  has  learned,  is  it 
preferable  to  have  "rotation  in  crops."  so  that  the  soil 
may  be  most  fruitfully  u.sed  ?  Is  there  any  analogy?  Is 
the  race  benefited  by  not  having  the  brains  of  any  one 
family  too  long  devoted  to  the  same  purpose?    Will  there 
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lie  a  freshness  of  material  for  development  along  new 
lines  every  generation  or  so? 

No  doubt  some  will  be  reminded  of  the  vocations  in 
which  skill  pays  a  large  part,  and  many  generations  have 
been  carpenters,  or  weavers,  or  expert  artists  or  artisans 
of  one  sort  or  another.  Who  can  deny  that  heredity  played 
a  large  part  in  the  ultimate  proficiency  secured? 

So  much  by  way  of  opening  up  the  subject  for  our  read- 
ers' thought  and  consideration.  We  are  not  prepared  to 
settle  the  problem  for  anyone.  We  do  believe,  however, 
that  it  will  work  itself  out  in  almost  any  case  where  the 
father  is  not  too  busy  or  indifferent  to  take  any  interest 
in  it.  The  boy  should  neither  be  slighted  nor  driven.  Let 
him  know  his  father's  profession  first,  then  if  he  prefers 
another  he  should  not  be  prevented  from  embracing  it. 

Municipal  Ownership 

Against  the  municipal  ownership  and  operation  of  a 
power  plant  to  supply  a  city  and  its  inhabitants  with 
light  and  power,  the  favorite  argument  is  "politics."  And 
quite  naturally,  for  when  politics  are  allowed  to  interfere 
it  is  impossible  to  make  a  favorable  showing  in  the  plant. 
In  a  great  many  cities  of  this  country  business-like  meth- 
ods are  not  employed.  Red-tape  and  political  considera- 
tions form  a  serious  handicap  and  even  where  criminal 
graft  is  not  present,  favoritism  and  influence  have  au 
effect  which  usually  result  in  the  city  paying  more  for 
the  land,  the  construction  of  the  building  and  the  en- 
tire power  equipment  tluni  it  would  cost  a  private  cor- 
poration. Even  after  the  plant  has  been  put  into  opera- 
tion this  same  influence  might  increase  the  price  of  th<=' 
fuel  and  supplies  and  so  control  the  employment  of  the 
management  and  labor  as  to  preclude  efficient  results. 

The  answer  to  such  an  argument  is  easy.  Remove  the 
plant  from  politics,  see  that  competent  men  are  appointed 
to  run  it,  and  an  important  point  is  to  pay  liberal  salaries 
for  services  rendered.  A  good  engineer  in  a  large  plant 
is  worth  his  weight  iu  gold.  When  a  municipality  recog- 
nizes the  truth  of  the  above  assertions,  and  adopts  them, 
there  will  be  no  chance  for  failure. 

Under  the  above  conditions  the  municipal  plant  has 
all  the  advantage.  It  can  borrow  money  for  construc- 
tion and  equipment  at  a  lower  rate  than  an  individual, 
and  then  there  are  the  dividends  which,  if  there  are  any 
in  a  municipal  plant,  revert  to  the  consumers  of  current 
and  insure  a  rate  lower  than  could  be  given  with  profit 
by  a  private  corporation.  In  the  plant  the  boilers,  en- 
gines and  generators  do  not  care  who  owns  them.  Put 
them  into  the  hands  of  men  equally  competent,  who  are 
given  a  free  swing  and  are  held  responsible  for  results, 
and  they  will  produce  current  as  cheaply  for  the  people 
as  for  a  corporation. 

As  e.xpressed  in  these  columns  some  years  ago,  the  re- 
sults will  speak  for  themselves.  The  business  of  pro- 
ducing electricity  is  becoming  systematized.  The  cost  of 
the  plant  per  kilowatt,  the  cost  of  generating  current  and 
the  cost  of  distribution  are  becoming  well  known  and  any 
deviation  one  way  or  the  other  can  he  easily  detected.  The 
consumer  would  know  by  tlie  price  he  is  paying  for  lighi: 
or  power. 

A  notable  example  of  a  municipal  plant  operated  on 
the  above  lines  is  the  one  at  Pasadena,  Calif.  According 
to  the  sixth  annual  report  which  is  abstracted  on  other 


pages  of  this  issue,  the  plant  has  been  remarkably  suc- 
cessful. Great  credit  is  due  the  management  and  indi-' 
rectly  the  city,  whose  broad  policy  has  made  efficient  con- 
ditions possible.  Based  on  the  old  rates  charged  by  its 
present  competitor  the  municipal  plant  has  saved  suffi- 
cient to  pay  for  itself  in  five  years.  On  sliding  rates  of 
five  to  three  cents  for  lighting  and  four  to  one-  and  two- 
tentlis  cents  for  power  the  plant  has  made  a  profit  of  8.18 
per  ceut.  Before  the  inauguration  of  the  municipal  plant 
a  base  rate  of  twelve  and  one-half  cents  was  charged  for 
the  first  666  kilowatt-hours.  The  enormous  difference  is 
evident  and  not  only  Pasadena,  but  also  the  surrounding 
cities  were  benefited. 

Such  instances  as  these  tend  to  restore  confidence  in 
puiilic  ownership  and  show  that  a  municipal  plant  run 
on  a  business  basis  is  not  only  practical,  but  will  pay 
large  returns  on  the  in\estment. 

Causes  of  Steam-Plant  Troubles 

One  reason  why  some  purchasers  of  power-plant  ma- 
chinery are  always  iu  trouble  is  that  they  assume  tliat 
they  know  more  about  the  operation  of  the  machine  than 
do  the  manufacturers.  Because  of  this  assumption,  iui- 
jwssible  operating  conditions  are  imposed  upon  the  ma- 
chine and  economical  results  are  then  expected. 

Often  operating  conditions  are  aggravated  by  the  use 
of  second-hand  pumps,  engines  and  boilers.  A  defective 
]nimp  can  be  an  element  of  danger  by  failing  to  deliver 
the  necessary  amount  of  water  to  the  boilers.  For  in- 
stance, in  one  |)lant  a  single-cylinder  power  pum|i  was 
used  as  a  boiler  feeder.  Although  the  lift  was  not  great 
the  pump  frequently  failed  to  pick  up  after  being  stopjicd. 
On  one  occasion  the  engineer  did  not  notice  that  the 
pum]i  was  not  pumping  water  until  just  before  the  water 
went  out  of  sight  in  the  water  glass  of  the  l)oiler.  A 
greater  delay  in  discovering  the  fact  would  have  en.jij 
in  trouble. 

A  defective  engine  may  be  an  instrument  of  daiiLit  r 
because  of  the  absence  of  a  decent  .safety  stop  or  liaxiii,:,' 
none  at  all.  There  are  hundreds  of  patched  engine  frames 
in  use  that  are  more  fit  for  the  scrap  pile  than  for  with- 
standing the  strains  produced  by  the  power  strokes  of  the 
piston.  The  owners  take  a  chance  that  the  engine  will 
hold  together  a  few  days,  weeks  or  months  longer. 

Most  dangerous,  however,  is  the  second-hand  boiler, 
the  boiler  that  has  been  in  operation  for  years  and  siil^- 
jected  to  ignorant  abuse,  or  the  boiler  that  is  carry mu 
a  higher  steam  pressure  than  safety  warrants.  In  ciiM," 
of  accident  there  is  no  excuse  for  the  owner  of  such  ap- 
paratus to  hide  behind. 

If  machinery  is  operated  in  defiance  of  the  advice  nf 
men  who  know  their  business,  the  blame  for  resulting 
troubles  must  rest  on  the  unwise  owner. 

Advice  freely  given  is  seldom  heeded.  If  paid  for  it  is 
taken  at  a  greater  value,  but  it  is  useless  to  pay  for  ail- 
vice  if  it  is  not  to  l)e  followed  in  putting  in  the  work 
contemplated,  or  in  operating  the  equipment  after  it  has 
been  installed. 

Just  because  there  are  CO^  recorders,  steam-flow  meters 
and  draft  gages  in  the  boiler  room,  don't  think  the  fire- 
man is  a  combustion  engineer.  His  pay  envelope  tells 
him  that  the  firm  does  not  think  he  is. 
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Wants  to  Clean  Producer  Gas 

We  plan  to  install  instruments  for  measuring  the  heat 
yalue  of  the  gases  from  our  gas  producers.  These  gases 
ire  not  cleaned  or  scrubbed,  but  are  used  in  the  raw  state 
and  therefore  contain  a  high  percentage  of  tar,  which 
must  be  taken  out  before  the  gases  enter  the  instrument. 

Perhaps  some  of  the  readers  who  have  had  experience 
with  gas  producers  will  be  kind  enough  to  answer  through 
these  columns  how  we  can  satisfactorily  filter  or  scrub 
the  gas.  We  have  16  producers  and  the  pipe  lines  to  the 
instruments  will  be  direct  from  each  producer  to  the  in- 
strument. 

Will  a  coke  filter  be  of  any  use  or  would  it  be  advisable 
to  clean  the  gases  by  water  alone? 

F.   D.    Hakger. 

Xew  York  City. 

Condensate  Accumulator    for   Exhaust 
Line 

We  have  a  750-kw.  two-stage,  vertical  turbine  which 
exhausts  into  a  barometric  condenser.  From  the  outlet 
in  the  base  of  the  turbine  to  the  vertical  exhaust  riser 
of  the  condenser  is  about  15  ft.     In  this  horizontal  pipe 


Connections  for  Condensate  Eeceiver  Tank 

much  condensed  water  would  accumulate  which  was  both 
troublesome  and  dangerous,  as  the  exhaust  base  of  the 
turbine  might  be  flooded.  The  use  of  a  trap  for  removing 
this  water  was  suggested,  but  the  following  plan,  which 
was  simple  and  inex])ensive,  was  adopted  and  gave  com- 
plete satisfaction. 

The  exhaust  line  was  tapped  and  threaded  near  the 
condenser  for  1-in.  pipe,  one  hole  being  tapped  in  the 
top  and  the  other  in  the  bottom,  as  shown.     From  these 
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two  holes,  two  1-in.  pipes,  led  into  a  60-gal.  tank,  placed 
on  the  floor.  These  two  lines  were  fitted  with  valves 
and  a  tee  was  fitted  with  a  pipe  and  valve  opening  to 
the  atmosphere.  In  the  bottom  of  the  tank,  a  lV2"iii- 
pipe  fitted  with  a  valve  was  connected  for  draining  the 
tank. 

In  addition  a  gage-glass  was  connected,  the  bottom  to 
the  pipe  at  the  lower  outlet,  and  the  top  at  one-half  the 
diameter  of  the  pipe  from  the  bottom.  As  soon  as  water 
shows  in  the  gage-glass,  the  attendant  closes  the  valves 
A  and  B,  and  opens  the  valves  C  and  D.  This  allows  the 
tank  to  be  rapidly  drained.  After  draining  the  water, 
valves  at  C  and  D  are  closed  and  A  and  B  opened,  which 
again  connects  the  tank  to  the  exhaust  line. 

James  M.  Purcell. 

Richmond,  Va. 

Getting  Clear  Water  from  a  Muddy 
River 

The  following  problem  is  a  very  practical  one  because 
one  similar  may  be  ''put  up"  to  some  reader  at  any  time, 
and  to  solve  it  is  not  a  very  easy  matter,  until  one  knows 
how.  In  fact.  I  have  known  many  engineers  to  doubt 
the  possibility  until  they  were  given  the  facts. 

The  principles  used  in  the  solution  described  can  be  ap- 
plied to  similar  problems  by  bringing  about  the  same 
conditions,  which  existed  naturally  in  this  case,  through 
artificial  agencies,  if  necessary. 

The  problem  iu  its  original  state  was  as  follows :  A 
brewery  had  been  built  on  the  high  bank  of  a  large  river 
which  was  always  muddy,  and  the  building  was  about 
50  ft.  back  of  the  river's  edge,  owing  to  the  steep  slope 
of  the  bank,  as  shown.  It  was  not  intended  to  use  this 
river  for  supplying  the  water  as  another  source  appeared 
available,  until  the  owners  found  out  that  the  water  they 
had  anticipated  using  would  not  be  supplied  them.  Under 
such  conditions  they  called  in  a  consulting  engineer  and 
told  him  to  get  them  a  suitable  supply  of  water,  without 
requiring  a  considerable  outlay,  no  filtering  apparatus 
was  desirable  if  it  could  be  avoided,  Init  the  water  had  to 
be  clean  and  in  large  quantities. 

It  was  interesting  to  get  a  solution  of  this  problem 
from  the  data  as  it  was  thus  submitted.  It  may  be  added 
that  the  colder  the  supply  of  water  obtained  was,  the 
greater  would  be  the  economy  of  the  plant. 

The  consulting  engineer  decided  that  the  river  was 
the  most  feasible  source  of  supply  to  look  at  first,  but 
it  was  so  muddy  with  a  clayey  kind  of  soil  that  he  was 
very  nearly  discouraged  at  the  outset.  However,  hiring 
a  boat  he  took  a  trip  across  the  river  and  made  a  series 
of  soundings,  and  in  one  place  about  50  ft.  from  the 
bank  on  which  the  brewery  was,  he  discovered  a  hole 
about  40  ft.  deep  in  the  rived  bed,  the  general  depth  of 
the  river  was  50  ft.,  so  that  the  distance  from  the  sur- 
face of  the  river  to  the  bottom  of  the  hole  was  about 
90  ft.    The  next  day  the  engineer  made  a  special  arrange- 
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lut'iil  of  bottle  so  that  lie  could  get  a  .sample  of  the 
WiUci'  in  the  hole,  and  immediately  proeeeded  to  1  orate 
the  hole  and  get  the  water.  On  getting  the  sample  to 
the  boat  he  found  it  was  clear  and  on  testing  its  tem- 
perature found  it  approximately  50  deg.  F.  This  tem- 
perature was  afterward  found  to  be  practically  unvariable 
throughout  the  year.  On  testing  the  ii\er  water  he  found 
it  was  muddy  all  above  the  hole  :iii<l  had  a  steady,  slow 
current. 

Having  found  a  source  of  clear  water  the  problem  w^a.-* 
how  to  get  it  to  the  brewery  without  having  it  con- 
taminated with  the  muddy  water.  This  part  of  the  ])rol)- 
leni  was  solved  by  anticipating  that  the  hydrostatic  pres- 
sure of  the  river  would  force  it  up  into  a  pipe  extended 
with  its  open  end  into  the  hole  and  clear  water. 

The  whole  problem  was  then  solved  by  running  a  pijjc 
line  from  the  brewery  to  a  pump  installed  at  the  water's 
edge,  and  supjilviiig  the  ]niinp  frum   the  hide  liy  means 


Piping  Areangemeni'  fois  Getting  Clean  Wateu 
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of  a  pipe  line  run  from  it  to  and  into  the  hole  in  the 
river  bed.  To  make  the  line  in  the  river  readily  accessible 
for  inspection  and  repairs  it  was  installed  with  a  swing 
joint  that  would  permit  the  length  of  pipe  to  the  hole  to 
be  raised  by  means  of  a  chain  permanently  fastened  to 
it,  the  pipe  being  raised  and  moved  sideways  to  allow 
it  to  rise  out  of  the  hole.  A  weight  was  also  put  on  the 
pi]ic  to  keep  it  in  place  when  lowered  into  the  river. 

lii  using  the  water  it  was  only  necessary  to  run  the 
pump  a  few  minutes  to  clean  out  the  muddy  water  which 
hail  got  into  the  pipe  on  lowering  it,  and  then  raise  the 
water  from  the  river,  a  distance  of  about  10  ft.,  and  then 
force  it  up  the  hill.  The  supply  satisfied  the  owners  and 
it  is  believed  to  be  the  main  supjdy  ii]i  to  the  ]iresent 
time. 

The  reason  why  the  water  at  the  botttan  of  the  hole 
or  rather  near  the  bottom  is  clear,  is,  in  the  writer's  opin- 
ion. I)ecause  the  water  in  the  hole  is  still,  this  permits  all 
snliil  matter  in  this  water  to  settle  (under  the  action  of 
gravity).  The  niuddine.ss  or  color  of  the  water  is  caused 
by  solid  matter,  that  is,  earth  or  clay  in  a  very  minute 
;?tate.  This  solid  matter  cannot  settle  easily  in  a  flowing 
river,  unless  it  is  of  considerable  length  and  passing 
through  a  rocky  country,  but  remains  suspended,  keeping 


it  nmdily  :  hut  where  the  water  becomes  still  enough,  the, 
solid  matter  will  settle. 

It  is  true  that  muddy  water  must  be  supplied  to  the 
hole  in  this  case,  as  some  is  taken  up  by  the  pump,  but 
such  muddy  water  soon  gives  up  its  earthy  matter  and 
is  "lost"  in  the  great  quantity  of  clear  water  already  in 
the  hole  and  does  not  appreciably  affect  the  clearness  of 
the  supply.  In  fact,  the  flow  of  water  in  the  hole  being 
downward,  due  to  the  position  of  the  inlet,  will  tend  to 
assist  gravity  in  settling  the  solid  particles. 

The  presence  of  the  hole  is  ap])arently  due  to  a  peculiar 
rock  formation  in  the  bed  of  the  river.  It  would  seem 
that  this  condition  might  be  duplicated  by  driving  a  tank 
into. a  river  bed  where  such  a  natural  condition  did  not 
exist;  the  top  of  the  taidc  would  not  necessarily  have  to 
be  below  the  river  bed. 

The  reason  why  the  water  in  the  hole  was  of  a  uni- 
formly low  temperature  during  the  wdiole  year,  was  ap- 
parently due  to  the  tendency  of  the  cold  water  (being 
denser)  to  keep  to  the  bottom  strata  of  the  river  during 
the  summer,  and  in  winter  the  warmer  water  would  be  at 
bottom  of  the  river  while  the  freezing  water  and  ice  were 
on  top,  and  this  would  make  the  temperature  at  the  bot- 
tom of  the  hole  about  48  deg.  F.  in  winter  and  in  summer 
the  temperature  would  not  be  much  higher  for  tlic  rea- 
sons already  stated. 

A.    P.    CoNXOIf. 

Washington,  D.  ('. 

Position  of  Jam  Nuts 

The  learned  discussions  of  the  proper  location  of  jam 
or  loeknuts  take  me  back  to  the  time  wdien  I  Avas  a  culi 
in  the  shop.  Theoretically  the  thin  nut  should  probably 
be  underneath.  Practically  it  is  a  nuisance  to  put  it 
there,  owing  to  the  necessity  of  using  a  thin  wrench. 

But  why  all  the  fuss  over  it  anyhow?  The  check  nut' 
alone  is  stronger  than  the  bolt  if  it  is  a  halfway  decent 
fit  as  can  be  proved  by  pulling  a  bolt  in  two  with  the  nut. 
So  it  is  entirely  unnecessary  to  waste  time  di.scussing 
whether  to  put  it  inside  or  outside,  for  either  place  is 
good  enough. 

But  why  use  loeknuts  anyhow?  The  automobile  build- 
ers have  abandoned  them  for  the  castle  nut  and  the  loco-i 
motive  builders  are  following  suit.  A  few  thin  washere 
of  varying  thickness  will  take  up  anything  needed,  even 
on  large  bolts  and  the  cotter  pins  make  a  positive  lock. 

John  R.  Godfrey. 

New  York. 

Soda  Ash  for  Boiler  Waters 

The  article  by  Charles  H.  Bromley,  on  the  above  sub- 
ject, in  the  Sept.  16  issue,  brings  up  several  points  that: 
deserve  further  explanation.  Soda  ash  is  very  wiilely 
used  as  a  preventive  of  corrosion  in  boilers,  and  the  com-i 
mon  practice  does  not  generally  conform  with  the  ideas: 
contained  in  that  article.  At  the  outset  attention  should ' 
be  called  to  the  author's  own  correction  of  the  amount 
of  soda  ash  that  needs  to  be  present  in  the  water  to  give 
a  "safe"  concentration ;  that  is,  a  concentration  at  which 
corrosion  is  prevented.  In  place  of  55  grams  per  liter  the 
author  intended  to  state  1.59  grams  per  liter  as  the 
minimum  amount  of  soda  ash  necessary  to  prevent  cor- 
rosion, which  correction  appears  in  Mr.  Bromley's  note 
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n  the  Sept.  3(1  issue  of  Powej;.  This  foiicentratioii  is 
[(till  higher  than  it  is  iieci'ssar\-  to  carry  in  the  boiler  to 
jrevent  corrosion,  as  is  daily  demonstrated  by  users  of 
loda  ash  iu  the  boiler-feed  water,  the  reasons  for  which 
Ire: 

!  1.  Under  boiler  pressure  some  of  the  soda  ash  is  con- 
erted  to  caustic  soda.  This  reduces  tlie  concentration  of 
oda  ash  necessary  to  prevent  corrosion,  as  was  demon- 
trated  by   Ileyn  and   Bauer  and  ('ribl>  and  Arnaud. 

2.  The  inside  of  the  boilers  is  dark,  and  light  very 
naterially  hastens  corrosion,  as  Cribb  and  Arnaud,  and 
Priend  have  demonstrated.  The  experimenters  thai 
lave  investigated  the  corrosion  of  iron  in  a  solution  of 
oda  ash  have  conducted  their  experiments  in  glass  beak- 
irs  exposed  to  the  light. 

3.  Where  soda  ash  is  added  to  the  boiler  water  a  slight 
jjrotective  coatijig  of  calcium  carbonate  is  deposited  on 
he  boiler  tubes  and  plate.  If  the  water  has  been  prop- 
erly treated  by  soda  ash  before  entering  the  boiler,  this 
•eating  will  be  soft  and  the  tubes  will  have  the  appear- 
mce  of  being  whitewashed. 

For  the  above  reasons  experience  lias  demonstrated  that 
1  concentration  of  soda  ash  higii  enough  to  prevent  cor- 
rosion may  easily  be  carried  in  the  boiler.  Sea  water  and 
tome  natural  waters  contain  magnesium  chloride.  The 
nagnesium  chloride  breaks  up  under  boiler  pressure, 
orming  magnesium  oxide  and  hydrochloric  acid.  Such 
vaters  must  contain  a  higlier  concentration  of  soda  ash 
0  neutralize  this  hydrochloric  acid. 

The  above  mentioned  article  referred  to  the  corrosion 
^f  the  steam  main  that  sometimes  takes  place  where  soda 

li  is  used  to  prevent  corrosion  in  the  boiler  and  gave  as 
ts  cause  the  "unsafe"  concentration  of  soda  ash  that  is 
ie])osited  on  the  main  when  the  boiler  primes.  Probably 
ihe  greater  cause  for  this  is  the  corroding  oxygen  that  is 
jlriven  off  from  the  boiling  water  in  the  boiler.  The  cor- 
I'osion  in  the  boiler  was  prevented  by  the  soda  ash,  but 
he  lack  of  it  in  the  steam  main  caused  the  oxygen  and 
jteam  to  be  very  corrosive.  Where  corrosion  of  the  boil- 
ers is  due  to  the  oxygen,  the  boiler-feed  water  should  be 
Mated  by  an  onon  feed-water  heater  before  going  to  the 
toiler,  rather  ihan  to  depend  upon  any  chemical  reagent 
0  prevent  corrosion.  Experience  has  shown  that  where 
,110  oxygen  is  present,  ])ure  water  is  not  capable  of  causing 
forrosion. 

Joseph  D.  Voder. 

Philadelphia,  Penn. 

The  Factory  Fire  Chief 

Mr.  Koon,  in  the  Sept.  23  issue,  in  regard  to  the  re- 
(uirements  of  the  factory  fire  chief,  states  that  the  use  of 
lutomatic  sprinklers  would  nuike  the  fire  chief  wholly  un- 
lecessary,  and  that  there  would  be  no  serious  losses  from 
ire,  etc.  The  sprinkling  system  is  a  great  thing,  but 
ike  everything  else  mechanical,  it  frequently  fails  to 
i^ork  as  it  is  supposed  to,  and  the  more  modern  the  fire 
ystem  is  the  more  apt  it  is  to  be  complicated.  And 
very  engineer  knows  that  complicated  mechanism  of  any 
:ind  requires  very  close  attention  to  keep  it  iu  proper 
working  order;  hence  the  necessity  of  a  fire  chief. 

Whether  or  not  this  office  should  be  filled  by  the  engi- 
loer  depends  on  many  circumstances.  From  the  view- 
point of  an  engineer  it  seems  out  of  place  to  require  him 


to  assume  the  additional  duties  of  tire  chief  as  he  already 
has  enough  to  do  for  the  wages  he  gets.  In  looking  at 
it  from  the  company's  standpoint  the  chief  engineer  is 
the  most  logical  employee  to  be  chosen  as  fire  chief.  He 
more  thoroughly  understands  the  equipment,  such  as 
pumps,  hose,  extinguishers,  piping,  etc.,  and  the  care  of 
them,  because  it  is  part  of  his  business  as  engineer  to 
know  these  things,  and  part  of  his  equipment  of  pumps 
and  help  would  be  called  into  play  in  case  of  fire. 

The  extra  work  added  to  the  oftentimes  overworked 
engineer  might  make  it  necessary  to  ])ut  an  additional 
man  on  the  force  under  the  engineer.  The  average  chief 
engineer  could  also  assume  the  duties  of  fire  chief  without 
any  trouble.  I  believe  that  the  greater  part  of  the  engi- 
neers would  be  willing  to  assume  the  additional  respon- 
sibility provided  the  pay  is  increased  in  proportion.  The 
objections  of  the  employer  to  increasing  the  pay  is  usual- 
ly the  cause  of  the  trouble  in  such  cases. 

J.   C.  H.VWKINS. 

nyattsvillc.    Md. 

H 

Graphite  Remained  in  Economizer 

E.  v.  Sutton's  letter  in  the  Aug.  19  i.^sue.  concerning 
the  failure  of  graphite  to  prevent  scale  forming  in  his 
boilers,  was  read  with  interest. 

Mr.  Sutton  may  have  improperly  fed  the  graphite,  for 
if  the  graphite  was  properly  distributed  in  the  boiler 
the  .scale  would  not  be  white. 

I  have  been  using  graphite  for  boilers  for  some  time 
and  I  am  satisfied  with  results.  At  first  I  was  disap- 
pointed with  the  results  in  one  plant  and  was  about  to 
notify  the  makers  of  the  graphite,  when  it  occurred  to 
me  that  it  was  very  queer  that  if  I  was  feeding  graphite 
there  should  be  no  trace  of  it  in  the  boiler.  According- 
ly, I  examined  the  economizer,  and  found  that  all  the 
graphite  had  remained  there,  owing  to  the  very  sluggish 
circulation  of  the  feed  water.  So,  after  feeding  graph- 
ite between  the  economizer  and  the  boilers,  good  results 
were  obtained.  Perhaps  Mr.  Sutton  is  feeding  through 
the  lilowoflf  pipe,  in  which  case  all  the  graphite  will  be 
found  in  the  mud  drum. 

E.  R.  Pearce. 

Rochdale,  T'^ng. 

Orsat  vs.  CO2  Recorder 

Recent  di.scussion  in  the  columns  of  Power  as  to  the 
relative  merits  of  the  CO2  recorder  and  Orsat  have 
brought  forth  various  expressions  of  opinion  as  to  the 
faults  and  failings  of  the  two  devices.  Since  both  the 
recorder  and  the  Orsat  have  a  proper  field  of  usefulness  in 
the  modern  ))oiler  room,  I  have  no  desire  to  take  either 
side  in  the  controversy  but  wish  to  comment  on  a  letter 
by  Walter  C.  Edge  in  the  issue  of  Sept.  16,  1!)13. 

Mr.  Edge  states  in  his  second  paragraph  that  "an  en- 
gineer after  a  number  of  tests  can  tell  whether  any  seri- 
ous amount  of  C"0  is  contained  in  the  sample  l)y  the  per- 
centage of  COo,  provided  that  the  furnace  is  normal  and 
is  worked  under  normal  conditions.  One  can  keep  14 
per  cent,  or  less  CO.  aiid  be  safe  as  far  as  CO  is  con- 
cerned." 

Unfortunately,  no  detailed  instructions  are  given  for 
ascertaining  the  presence  of  "any  serious  amount  of  CO" 
from  the  COj  indication.     Furthermore,  "normal"  fur- 
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uace  conditions  wliicli   are  mentioned   as  a  prerequisite 
to  tliis  determination  are  not  defined. 

The  last  statement  quoted  to  the  effect  that  11  per 
cent.  CO,  indicates  a  safe  working  condition  I  must  take 
exception  to.  In  the  absence  of  any  definite  knowledge  of 
the  amount  of  00,  14  per  cent.  CO,  is  undoubtedly  a  rea- 
sonable figure  to  use,  but  an  Orsat  may  reveal  the  fact 
that  15  per  cent,  in  some  given  case  is  the  proper  stand- 
ard to  work  to.  This,  if  attained,  would  mean  a  con- 
siderable saving  in  fuel  over  the  results  if  Mr.  Edge's 
rule  is  followed.  In  other  cases  it  would  not  be  safe  to 
work  to  as  much  as  l-t  per  cent,  as  a  standard. 

It  would  be  a  simple  matter  for  anyone  who  has  done 
much  work  with  the  Orsat  to  submit  in  detail  analyses  of 
Hue  gases  which  show  results  eutirely  disproving  the  gen- 
era! statement  made  by  Mr.  Edge.  From  my  own  ex- 
perience I  should  only  feel  justified  in  saying  that,  in 
the  average  case  with  fairly  good  boiler  operation,  CO 
in  greater  or  less  amounts  is  apt  to  be  present  when  the 
percentage  of  COo  exceeds  14  per  cent.,  but  as  CO  is  in 
no  sense  ])roportional  to  C0„  it  is  frequently  ]iresent  in 
large  amciuuts  with  C0_,  much  under  the  14  per  cent, 
sjjecilied. 

H.  S.  Yassai!. 

>v\'wark.   ^r.   J. 

Value  of  Engineers'  Services 

In  the  issue  for  Aug.  19,  page  2T2,  is  an  editorial  that 
is  full  of  "meat,"  entitled,  "One-Sided  Development." 
I  have  read  this,  re-read  it  and  then  read  it  again. 

It  occurs  to  me  that  you  have  broached  a  phase  of  the 
situation  that  may  be  deei)er  than  you  thought  when  you 
wrote  the  editorial.  It  would  seem  to  have  its  answer 
in  the  fundamental  conception  as  to  what  constitutes  an 
engineer.  If  an  engineer  be  merely  an  engine  runner, 
the  first  page  of  your  Sept.  9  issue  would  seem  to  settle 
the  matter  by  classing  him  as  a  "greaser"  and  of  small 
value.  If  an  engineer  is  more  than  a  mere  engine  run- 
ner, what  is  he? 

You  say,  "Xo  wonder  he  is  underpaid,  which  means 
simply  that  he  has  not,  as  a  rule,  acquired  the  business 
ability  needed  to  sell  his  own  services  at  a  price  which 
represents  his  real  value."  Now,  does  not  this  very  one- 
sicled  development  referred  to,  which  prevents  him  from 
accurately  estimating  his  value  to  his  employer,  also  seri- 
ously depreciate  the  very  value  he  is  seeking  to  estimate 
the  amount  of?  If  his  development  is  so  one-sided  that 
he  has  no  accurate  measure  of  its  value,  isn't  it  also  sn 
one-sided  that  he  cannot  accurately  estimate  other  valuer 
in  the  plant  under  his  control? 

This  raises  another  rather  pertinent  question,  viz.. 
What  is  an  engineer  for?  If  he  is  only  to  run  the  en- 
gine and  keep  it  in  good  repair  he  is  merely  an  engine 
runner  and  it  would  seem  should  not  be  termed  an  en- 
gineer at  all.  As  siich  he  does  not  earn  a  great  deal  be- 
cause this  is  work  that  is  relatively  simple.  If,  on  the 
other  hand,  he  is  a  business  economist  in  charge  of  the 
power  plant,  with  suuicient  skill  to  know  when  his  plant 
equipment  is  functioning  properly  and  at  the  greatest 
efficiency  which  it  is  capable  of  delivering  and  of 
keeping  it  in  this  condition  without  imdue  expense  for 
repairs,  then  he  will,  I  believe,  be  able  to  accurately  es- 
timate the  value  of  his  services  to  the  concern  employ- 


ing him  and  will  be  able  to  sliow  them  what  he  is  eaniiii; 
in  such  terms  that  he  will  receive  it. 

1  do  not  attempt  to  answer  your  question,  but  wish  ti 
ask  some  further  ones :  .  Does  not  the  lack  of  commercia 
instinct  which  prevents  an  engineer  from  marketing  hi 
services  to  good  advantage  also  seriously  impair  his  valui 
as  an  engineer?  Or,  if  he  have  not  this  faculty,  or  train 
ing,  for  estimating  relative  values,  is  he  an  engineer  a 
all  ?  Isn't  he  merely  an  engine  runner  or  perhaps  ; 
greaser,  and  as  such,  would  it  not  .stand  him  in  bettei 
And  again,  do  you  not  believe  that  frequently,  when  h 
has  gained  this  ability  to  accurately  estimate  values  (tha 
of  his  own  services  included)  he  will  be  greatly  surprisei 
and  chagrined  to  find  that  his  ser\ices  really  had  suri 
small  value  ? 

K.  L.  Ellis. 

Pliiladelphia.  Penn. 

Fastening  Loose  Babbitt 

In  regard  to  the  method  used  liy  Mr.  Kopplc  to  faste 
loose  babbitt  in  a  bearing  shell,  I  do  not  approve  of  th 
method  of  using  screws  as  he  shows.  These  countersun 
screws  are  made  of  hard  metal  and  have  a  very  shar 
edge.  They  may  be  set  well  below  the  surface  of  th 
babbitt  but  are  liable  to  work  out,  break  off,  or  the  babbit 
may  become  worn  down  in  time  so  that  the  shaft  wi 
bear  on  the  heads  of  these  screws,  and  the  shaft  will  1; 
scored  by  them. 

The  proper  way  to  cure  a  loose  babbitt  lining  is  l)y  r( 
babbitting  the  shells,  but  as  this  requires  considerabl 
time  and  is  expensive,  the  old  babbitt  may  be  fastene 
and  used  a  long  time  before  re-babbitting  is  necessar' 
I  have  done  this  by  drilling  and  tapping  the  holes  as  M 
Kopple  did,  but  in-stead  of  using  steel  screws  I  usei 
either  copper  or  brass  rods  threaded,  and  screwed  i 
tight,  then  cut  off  and  riveted  down  into  the  counte 
sunk  hole  in  the  babbitt.  These  will  remain  tight,  e: 
pecially  when  the  bearing  warms  up,  and,  when  the  bal 
bitt  we^rs  down  until  they  strike  the  shaft  they  will  nt, 
score  it  as  they  are  softer  than  the  shaft  and  will  wer 
away  first. 

J.  C.  Hawkins 

Hyattsvillc.   :\l.l. 

Abandoning  Boiler  in  Case  of  Fire 

Fred  W.  Hcner,  in  the  issue  of  Sept.  16,  asks  a  que 
tion  that  will  doubtless  draw  forth  many  ideas  of  wh. 
is  best  to  do. 

Here  is  what  I  advise:     Close  the  ashpit  doors,  opi 
wide  the  furnace  doors,  open  the  back-connection  doov 
close  the  damper,  put  on  the  injector,  close  the  main  ai 
auxiliary   stop   valves,   and   '"lieat   it   while  the  going 
good." 

There  could  be  no  explosion  of  furnace  ga.ses,  the  pi 
valve  would  take  care  of  the  steam,  and  the  inject 
would  soon  "fill  her  up  three  gages  and  a  smokestack 
and  hold  the  steam  down,  the  fires  meanwhile  having 
draft,  would  not  furnish  more  steam  than  the  po]3  val 
could  relieve,  and  the  engineer  could  do  no  more  for  1 
boiler  and  should  save  his  life  before  the  building  ci 
lapses. 

R.    0.    WiLKIE. 

Miami,  Fla. 
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INQUIRIES    OF     GENERAL    INTEREST 
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Flywheel    Fuin'tion — What    is    the    office    of   a    flywheel? 

J.    E.    S. 

To  store  up  the  energy  of  the  piston  in  those  parts  of  the 
troke  where  the  energy  developed  is  in  excess  of  the  averag'e, 
nd  to  restore  it  to  those  parts  of  the  stroke  where  it  is  less 
han  the  average,  thereby  carrying  the  engine  over  its  dead 
enters  and  making  a  near  approach  to  a  uniform  rate  of 
otation    of  the   crankshaft. 

Piston  Displacement — How  is  the  displacement  of  an  en- 
:ine   determined? 

J.    E.    S. 

The  displacement  of  an  engine  Is  the  volume  swept  through 
ly  the  piston,  consisting  per  stroke,  of  the  number  of  cubic 
nches  of  volume  obtained  by  multiplying  the  area  of  the 
liston    in    square    inches    by    the    stroke    in    inches. 

Displacement  in  cubic  feet  would  be  the  displacement  in 
ubic  inches  divided  by  1728.  Displacement  per  minute  would 
16  the  displacement  per  stroke  multiplied  by  the  number  of 
trokes    per   minute. 


Effect  of  Caustic  Soda  on  Lubricating'  Oil — We  filter  and 
;se  again  the  lubricating  oil  from  an  oil  engine  in  which 
austic  soda  has  been  fed  through  the  lubricators  to  prevent 
um  and  carbon  accumulating"  on  the  pistons  and  rings. 
V'hat  will  be  the  effect  of  the  caustic  soda  on  the  lubricating 
il    and    the    bearings? 

E.    C.    S. 

The  caustic  soda  would  not  injure  the  bearings  directly, 
e.,  by  any  chemical  action,  but  by  cutting  the  oil  would  re- 
uce  its  lubricating  quality,  preventing  the  pores  of  the  bear- 
-ig  surfaces  from  being  filled  and  glazed  over,  thereby  caus- 
ig  more  friction  and  more  rapid  wearing  away  of  the  bear- 
ig   surfaces. 


Pumii  Horsepower — How  is  the  horsepower  of  pump  f"e- 
uired  to  deliver  a  given  quantity  of  water  aga.nst  a  given 
ead  determined? 

K.    W.    A. 

The  weight  of  water  pumped  per  minute  multiplied  by  the 
ead  gives  the  foot-pounds  of  work  done  in  one  minute  and 
lis  divided  by  33,000  gives  the  net  horsepower.  The  latter 
ivided  by  the  efficiency  of  the  pump  will  give  the  power  re- 
uired  to  be  put  into  the  pump  by  the  motor,  waterwheel  or 
whatever  source  of  power  drives  it.  Usually,  for  a  direct- 
cting  steam  pump,  the  efficiency  includes  that  of  the  steam 
tid  so  that  the  net  horsepower  divided  by  the  efficiency  gives 
le.  indicated    horsepower    required. 


0%er-Stroke — What  is  "over-stroke."  what  causes  it  and 
ow  is   it   remedied? 

C.   W.    B. 

The  term  "over-stroke"  is  most  commonly  applied  to  a 
)o  long  stroke  of  a  pump  piston.  An  engine  piston  may 
take  an  over-stroke  from  the  lost  motion  of  the  crankpin 
nd  the  crosshead  pin  or  theii'  brasses,  to  remedy  which  the 
earings  should  be  taken  up  and  the  length  of  the  piston  rod 
roperly  adjusted.  The  over-stroke  of  a  pump  is  the  re- 
erse  of  "short-stroke"  and  is  to  be  remedied  by  adjusting 
le  valve  motion,  the  method  depending  on  the  style  of  pump, 
1  a  duplex  steam  pump  with  slide  valves  the  pump  is  to  be 
jversed  earlier  in  the  stroke,  either  by  moving  the  "spool" 
n  the  piston  rod,  which  will  lengthen  the  stroke  toward  one 
id  and  shorten  it  toward  the  other,  or  by  adjusting  the  tap- 
et  nut  on  the  valve  rod  to  open  the  valve  earlier  in  the 
roke. 


Ammonia  Condensers — Is  not  the  atmospheric  ammonia 
)ndenser  in  which  the  ammonia  gas  enters  at  the  top  and 
le  liquid  leaves  at  the  bottom  the  most  inefficient  in  use 
iday? 

R.    H.    R. 

It  is  hardly  fair  to  call  the  open-air  condensers  with  top- 
as  inlet  the  most  inefficient  type,  for  they  give  better  re- 
ilts  than  most  of  the  submerged  condensers  usually  used, 
he  disadvantage  of  these  condensers  is  that  to  take  out  the 
msible  heat  of  the  ammonia  vapor,  the  coldest  condensing 
ater  is   used,   and   liquefaction   takes  place  at   a  point  where 


the  water  already  has  been  heated  several  degrees.  A  further 
disadvantage  of  these  condensers  is  that  the  liquid  ammonia 
leaves  where  the  condensing  water  flows  from  the  apparatus, 
so  that  the  final  result  is  a  higher  condensing  pressure  and  a 
higher  final  liquid  temperature  than  is  obtained  in  purely 
counter-current   condensers. 


Increasing;  Enic;ine  Sfieed — What  change  can  be  made  to  a 
fly-ball  governor  to  increase  the  engine  speed  from  95  to  llTi 
r.p.m.  where  there  is  no  room  to  add  more  weights  to  the 
governor? 

E.    H. 

An  increase  of  speed  from  95  to  115  r.p.m.  would  be  25 
per  cent.  Before  making  such  an  increase,  the  builders  of 
the  engine  should  be  consulted  to  learn  If  it  is  safe.  An 
engine  can  be  speeded  up  by  making  the  governor  run  slower 
by  increasing  the  size  of  the  pulley  on  the  governor  or  by 
reducing  the  size  of  the  governor  driving  pulley  on  the  main 
shaft.  It  is  usual  to  build  up  the  pulley  with  a  lagging  of 
leather,  but  for  the  increase  of  speed  here  contemplated  the 
ordinary  double-flange  pulley  on  the  governor  would  un- 
doubtedly have  to  be  replaced  by  a  new  pulley  of  larger 
diameter,  as  the  lagging  required  on  the  old  pulley  to  make 
it  suflScient  in  diameter  would  not  leave  the  necessary  depth 
of  flanges. 


Boyle's  Lan- — With  reference  to  compressed  air  what  is 
the  meaning  of  pv  =  26,200  ft. -lb.  for  1  lb.  of  air  as  per 
Boyle's   law? 

J.    M. 

According  to  Boyle's  or  Maiiotte's  law.  the  volume  of  a 
gas  diminishes  in  the  same  ratio  that  the  pressure  upon  it  is 
increased,  if  the  temperature  is  unchanged.  This  law  is  found 
very  nearly  true  for  air  and  other  gases.  If  p  =  pressure 
at  a  volume  v  and  Pi  =  pressure  at  a  volume  Vi  then  PiVi  =; 
pv;  so  that  pv  =  a  constant,  p  =  intensity  of  pressure  (ab- 
solute), and  for  air  computations  is  usually  in  pounds  per 
square  foot,  while  gage  pressures  are  given  in  pounds  per 
square  inch,  so  that  p  =  (gage  pressure  +  atmospheric  pres- 
sure in  pounds  per  square  inch)  X  144.  v  =  volume,  is  usu- 
ally  assumed   in    cubic  feet. 

One  pound  of  air  at  32  deg.  F.  and  under  a  barometric 
pressure  of  29.92  in.  of  mercury  (  =  14.6963  lb.  per  sq.in.  abs., 
or  2116.3  lb.  per  sq.ft.)  has  a  volume  of  12.387  cu.ft.  So  that 
for  a  pound  of  air  its  absolute  pressure  in  pounds  per  square 
foot  X  its  volume  in  cubic  feet  (or  pv)  =  2116.3  X  12.387  = 
26,214.6  and  the  value  26,214  is  usually  taken  rather  than 
26,200.  .^ 

The  product  of  p  X  v  will  always  equal  26,214  ft.-lb.  per 
pound  of  air  at  32  deg.  F.  no  matter  what  value  may  be  as- 
sumed   for    p   or   for   v. 


Condensini^  Water  for  Ice  Plant — For  a  can  system  com- 
pression ice-making  plant  with  an  atmospheric  ammonia  con- 
denser, how  many  gallons  per  minute  of  66-deg.  condensing 
water  will  be  required  when  making  100  tons  of  ice  per  24 
hr.  ?  What  would  be  the  probable  flnal  temperature  of  the 
water? 

R.  H.  R. 

The  quantity  of  water  is  difficult  to  estimate  without 
kno'wing  the  exact  local  conditions  under  which  the  plant  has 
to  operate.  For  minimum  steam  consumption,  which  is  really 
more  important,  as  it  directly  affects  the  fuel  consumption  of 
the  plant,  it  has  been  found  that,  for  a  simple  Corliss  engine 
operating  a  refrigerating  machine,  and  a  standard,  duplex, 
direct-acting  steam  pump  furnishing  the  water  for  the  plant, 
the  minimum  steam  consumption  will  be  secured  when  about 
1.7  gal.  of  water  is  showered  on  the  condensers  per  minute 
per  ton  of  actual  refrigeration.  Figuring,  therefore,  that 
100  X  1.5  tons  actual  refrigeration  will  have  to  be  done  to 
manufacture  100  tons  of  ice.  a  total  of  255  gal.  of  60-deg.  wa- 
ter per  min.  will  be  required.  Under  ordinary  conditions  of 
operation,  there  will  be  rejected,  from  the  ammonia  con- 
densers 250  B.t.u.  per  min.  per  ton  of  refrigeration,  which  on 
a  basis  of  1.7  gal.  of  water  per  min.  would  represent  a  rise 
of  about  17.6  deg.  F.,  so  that  the  flnal  temperature  of  the 
condensing  water,  disregarding  heat  absorption  by  the  atmos- 
phere,  would   be   83.6   deg. 
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Feed-Water  Treatment — II 

CaLCH'M    Sn.PHATF. 

The  chemical  formula  for  calcium  t^ulphate  is  CaSO^. 
All  the  elements  iu  this  compouud  are  familiar  to  the 
readers  of  this  department  so  it  is  onlj-  the  eomi)ound 
itself  that  need  be  studied.  One  of  the  common  sub- 
stances composed  of  calcium  sulphate  is  plaster  of  paris. 
I'nlike  the  carbonates,  calcium  sulphate  does  not  require 
CO.,  to  assist  it  to  dis.solve.  Pure  water  will  take  j\i.«t 
as  much  as  water  heavily  charged  with  CO,.  A  fact  that  is 
very  important  to  the  engineer  is  that  calcium  sulphate 
is  more  soluble  iu  cool  water  than  in  hot.  According 
to  some  authorities  the  temperature  at  which  the  most 
calcium  sulphate  can  Ij  dissolved  in  a  given  cjuantity 
of  water  is  about  90  deg.  F.  As  the  temperature  in- 
creases the  solubility  of  this  compouud  gradually  de- 
creases until  at  302  deg.  it  is  practically  insoluble.  Be- 
cause of  this  characteristic  and  the  fact  that  the  scale 
it  forms  is  very  hard  and  has  great  cementing  powers 
over  other  substances,  calcium  sulphate  is  a  troublesome 
aud  dangerous  impurity.  Usually  it  can  be  fought  only 
with  suitable  chemical   compounds. 

ilAGXKSiril     SlLPHATE 

The  fourth  and  last  impurity  we  are  going  to  consider 
is  magnesium  sulphate,  although  as  was  stated  last  week 
there  arc  several  others  that  are  sometimes  encountered. 
The  chemical  formula  for  this  compouud  is  MgSO^ 
which,  as  the  name  indicates,  is  the  same  as  that  for  cal- 
cium sulphate  except  that  magnesium  takes  the  place  of 
the  calcium.  And,  like  the  other  suli)hate,  it  dissolves 
more  easily  in  cool  water  than  in  hot.  At  302  deg.  it 
precipitates  or  deposits  as  a  nionohydrated  salt,  the  for- 
mula being  Mg.SOJI.O.  It  will  be  noted  that  the  ele- 
ments composing  water  (TIJ))  have  been  added.  Tills 
fact  is  indicated  in  the  name  iiy  the  word  nionohydrated, 
mono  meaning  one  and  hydrated  meaning  watered.  As 
used,  the  word  means  that  one  molecule  of  water  has  been 
added  to  or  joined  with  each  molecule  of  magnesium  sul- 
phate. 

r>y  itself  magnesium  sul])hate  does  not  really  form  a 
scale  but  its  presence  in  feed  water  is  undesirable  lie- 
cause  it  interferes  with  the  treatment  of  the  iin])urities 
that  do  form  scale. 

^IeTHOPs   of   TliKAT^rKXT 

^Vater  containing  im])urities  detrimental  to  good  boiler 
operation  can  be  treated  in  several  ways,  the  method  to 
be  employed  depending  on  the  nature  of  the  imjmrities 
contained.  For  removing  mud  and  sediment  the  water 
may  be  filtered  or  it  may  be  allowed  to  stand  and  "settle" 
before  it  is  fed  into  the  boiler.  For  what  is  called  tem- 
porary hardness  the  water  may  be  heated  to  180  deg.  or 
more.  Temporary  hardness  is  defined  as  hardness  which 
can  be  eliminated  by  heating  to  or  nearly  to  the  boiling 
point  (212  deg.),  and  is  caused  by  the  carbonates  which, 


it  will  be  rejnembered,  are  precijiitated  by  heat.  Hard- 
ness can  be  detected  and  its  degree  estimated  by  the  ef- 
fect it  has  upon  soaj). 

For  permanent  hardness  more  intense  heat  (to  at  1-  i-i 
302  deg.)  may  be  a])plied  as  on  a  closed  heater  or  chem- 
icals may  be  employed.  It  is  the  sulphates  that  cause 
permanent  hardness  because  mere  boiling  at  atnios])heric 
pressure  does  not  eliminate  them. 

These  two  terms,  temporary  hardness  and  permanent 
hardness,  are  old  names  invented  long  ago  when  chem- 
istry was  not  as  well  understood  as  it  is  today.  People 
found  that  water  from  certain  sources  made  soap  curdle 
instead  of  producing  a  lather.  Such  water  they  called 
hard.  Xe.xt,  they  discovered  that  boiling  sometimes  im-' 
proved  the  water;  conserjuently  such  water  was  said  tO' 
have  temporary  hardness.  Sometimes,  however,  the  water 
was  only  slightly  or  not  at  all  improved  and  such  watei 
was  said  to  have  permanent  hardness. 

Feed  water  may  be  treated  with  chemicals  either  .ni 
side  or  within  the  boiler,  the  former  being  preferalile, 
because  the  impurities  are  eliminated  before  the  water 
is  fed  to  the  l)oiler  and  so  blowing  down  and  cleaning  arc 
required  less  frequently.  When  treatment  is  administered 
before  the  water  is  fed  it  is  advisable  to  provide  cbcra- 
icals  for  the  elimination  of  both  the  carbonates  and  sul- 
phates, if  both  are  present.  But  when  treatment  is  ad. 
ministered  after  the  water  is  fed  only  a  chemical  for  tht 
sulphates  is  required,  because  the  heat  takes  care  of  thi; 
carbonates. 

TltE.VTltKXT    FOR   CaHBOXATES 

Calcium  carbonate  can  be  precipitated  before  the  water 
is  fed  to  the  boiler  by  adding  to  it  the  proper  quantit}' 
of  lime,  slaked  lime  or  caustic  soda. 

The  chemical  formula  for  lime  is  CaO  and  that  for 
slaked  lime  is  CaOoH^,  and  when  either  of  these  is  put: 
into  natcr  containing  calcium  carbonate  (in  the  form  of 
calcium  bicarbonate,  due  to  the  ])rcsence  of  CO^)  a  chem- 
ical reaction  takes  ])lace  in  which  the  calcium  of  the  lime' 
Joins  the  calcium,  carbon  and  oxygen  of  the  bicarbonate, 
producing  two  ])arts  of  calcium  carbonate  and  the  hydro- 
gen of  the  bicarbonate  joins  the  oxygen  and  hydrogen  of  j 
the  slacked  lime  producing  two  parts  of  water.  The  equa- 
tion is 

Call,  (CO,),  +  CaO,H,  =  2  CaCO,  +  2  Hj) 
The  calcium  carbonate,  l)eing  insoluble,  drops  out  cr  i- 
preci]iitated. 

The  chemical  formula  for  caustic  soda,  whose  chemual 
name  is  sodium  hydrate,  is  XaOTI.  If  this  is  put  iutoi 
the  water  instead  of  the  lime,  part  of  the  carbon  and 
oxygen  of  the  calcium  bicarbonate  combines  with  it  to 
form  sodium  carbonate  (Xa.CO..)  which  is  easily  soluble 
in  water.  The  calcium  bicarbonate  being  robbed  of  )iart 
of  its  carbon  and  oxygen  changes  back  to  calcium  car- 
bonate and.  being  insoluble,   it  precipitates  as  before. 

The  treatment  for  magn.esiuni  carbonate  is  exactly  the 
same  as  for  the  calcium  carbonate. 
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Tkeatment  of  Sulphates 

Ciikium  sulphate  (CaSO^)  can  be  precipitated  by 
eaiis  of  sodium  carbonate,  or  soda  ash  as  it  is  called 
ommerciall}-.  The  chemical  I'oi  inula  for  the  latter  is 
Ca.C'O...  Wlwn  this  conipouiid  is  ]iul  into  water  con- 
in  ing  calcium  sulphate  the  sidphur  and  one-quarter  ot 
lie  oxygen  in  the  calcium  sulphate  change  places  with 
le  carbon  in  the  sodium  carbonate,  producing  sodium 
ulphate  and  calcium  carbonate.  The  first  of  these  is 
oluble  and  harmless  and  the  second,  l)eing  insoluble, 
[recipitates  as  before. 

The  treatment  for  magnesium  sulphate  is  exactly  the 
aimc  as  for  calcium  sulphate.  ' 


Spray  Cooling  Tower 

The  accompanying  drawing  shows  the  cross-section  of 
cooling  tower  in  use  at  the  South  Mine,  Broken  Hill, 
Uistralia.  It  is  designed  on  rather  novel  lines,  the  water 
0  be  cooled  being  admitted  in  the  form  of  a  spray,  as 
jho\\"n,  so  that  most  of  the  contact  between  water  and 
!ooliug  air  occurs  while  the  water  is  suspended  in  a  finely 
livided  state,  instead  of  while  it  trickles  over  iiicliueil 
urfaces  and  drops  from  their  edges,  as  in  the  ordinary 
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ype  of  cooling  tower.  The  tower  has  inclosed  sides  and 
dmits  the  cooling  air  through  the  iHittom.  The  bottom 
;self  consists  of  a  series  of  launders  into  which  the  water 
i  conducted  by  louvered  frames.  By  means  of  trans- 
erse  launders,  the  cooled  water  is  conducted  to  the  boiler 
amp. 

Excellent  results  have  been  obtained  from  this  type  of 
aoling  tower,  attributable  to  the  following  conditions : 
1)  The  air  has  a  large  and  unrestricted  inlet  to  the 
)wer  through  the  bottom  only;  (3)  the  sprayed  water 
leels  an  ecjual  supply  of  air  in  all  ]iarts  of  the  tower;  (3) 
le  air  and  the  viqior  outlet  is  n<it  contracted  at  the  top 
ad,  therefore,  there  is  a  iniiiiinum  restriction  to  the 
assage  of  the  air.  (4)  the  air  is  not  retarded  in  its  u])- 
ard  passage  by  the  aiiparafus  which  is  used  to  distribute 
16  water. 

As  illustrated,  the  tower  draws  in  the  air  by  natural 
raft,  but  if  desired  it  may  be  built  lower  and  the  drafi 
irnished  by  M'ind  shields  disposed  about  the  lower  ])oi- 
on  below  the  launders  and  lnuvers. — The  En(jineerin</ 

Mi  III /If/  Jniiriial. 


A  Steel  f'himney  to  increase  the  height  of  an  existini^ 
■icit  chimney  has  been  put  in  place  on  the  Borland  Build- 
gr,  Chicago.  The  steel  extension  is  about  100  ft.  high  and  9 
.  diameter.  It  was  raised  in  one  piece  to  the  top  of  the 
lilding-  and  set  in  place  on  the  brick  chimney  by  a  derrick 
iving  a  spliced   beam  about  140   ft.  long. 


OVER 
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SPILLWAY 

>  S  H  K  S      AND     J  r  M  B  L  E  .S 

Hey,  feller,  as  an  engineer,  let  us  ask  you  what  in 
thunderation  becomes  of  your  hard-earned  money?  Here's 
a  highforehead  declaring  that  "we  are  wasting  six  hundred 
million   dollars  yearly."      Now   you  just   buck   up,   and  don't   let 


folk; 


kr 


"Safety    first"    is    the    Pennsylvania    Railroad's    slogan, 
this  road   employs  210,000   men  and  carries  150.000,000   pass 
Kvrs    yearly,    it's    in    a    fair    way    to    test    out    such    a    slos 
Uther   roads    please    copy. 


Here's  another  instance  where  we  can't  get  what  we're 
worth.  Your  per  capita  wealth  as  an  American  is  just  $1360. 
-A  few  simps,  on  learning  this,  went  to  Washington  to  get 
theirs.      .\nd    they    got    it— not. 


A  bit  of  optimism  from  the  "Coal  Trade  Bulletin":  'If 
it  isn't  cars,  it's  labor.  If  it  isn't  labor,  it's  floods.  If  it  isn't 
floods,  it's  drought.  Any  way  you  look  at  it,  the  coal  man 
is  bound  to  catch  hades.  Lately  it  has  been  all  four.  And 
yet  he   manages   to   wear  a  smile." 

Electric  vehicles  have  driven  many  of  the  old  Dobbins  into 
the  discard.  And  now  Turk  and  Golden,  those  patient  old 
farm  standbys,  will  soon  have  their  usefulness  limited  to 
matei-ial  for  oxtail  soup.  Gasoline  engines  are  doing  it.  .At 
that,   neither  Kasnlinc  nor  electricity  makes  good  soup. 

The  banana,  contends  the  Hon.  John  Bariett,  has  brought 
peace,  prosperity  and  health  to  the  Central  American  re- 
public. Most  everything  has  its  good  side,  but  personally, 
having  slipped  on  a  few,  we  are  at  odds  with  the  outside  of 
the    banana. 


A  fourteen-page  discus.sion  by  Arthur  Williams  and  the 
Electric  Vehicle  Association  of  .America  appears  in  "The  Cen- 
tral Station"  for  October.  Having  counted  2769  "I's,"  9431 
"my's"  and  7645  "nie's,"  we  gave  it  up.  We'll  wait  until 
T.   R.    returns   from   South    .\merica. 


Most  affecting  was  the  "Electrical  Woild's"  heart  sob  over 
"the  inspiring  picture'  drawn  by  Samuel  InsuU  for  the  energy 
supply  service  which  is  now  on  display  for  those  having 
"the  general  welfare  of  humanity  at  heart.  It  is  the  central- 
station  man's  ideal  to  furnish  ALL.  the  energy  in  a  com- 
munity". Sounds  like  one  of  those  "ideals"  that  gobbles 
everything  in  sight — when  that  brand  of  idealist  can  get 
away  with  it. 


"Terpezone"  is  the  newest  consumption  cure.  It's  a 
"breathable  gas,"  combining  ozone  and  pinine,  the  essence  of 
turpentine.  So  much  "gas"  has  heretofore  been  expended 
on  corrallng  the  gullible,   we  hope  this  cure  is  going  to  stick. 


"A    StoI'.Y    WITHOUT    WOKDS'' 
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Boiler  Attachments — III 


By  J.  E.  Tehman 


.-^VXOPSIS — ^4  treatment  of  how  and  how  not  to  con- 
nect the  feed-water  pipe  to  a  boiler.  The  advantages  and 
disadvantages  of  the  automatic  feed-waler  regulator  and 
high-and-low  water  alarm  are  also  discussed. 

It  is  not  such  an  important  matter  as  to  where  a 
feed  pipe  enters  a  boiler,  as  it  is  where  the  feed  water 
is  discharged.  On  account  of  the  accessibility  for  mak- 
ing connections,  the  horizontal-return  tubular  type  of 
lioiler  is  usually  arranged  to  receive  the  feed  pipe  through 
the  front  head  immediately  above  the  tubes,  or  through 
the  top  of  the  shell.  Most  boilers  of  this  type  are 
equipped  with  some  form  of  internal  feed  pipe,  which 
acts  as  a  heating  device,  tending  to  bring  the  water  up 
to  the  temperature  of  that  in  the  boiler,  before  it  is 
brought  in  contact  with  any   part  of  the  boiler. 

To  make  a  suitable  connection  at  the  entrance  point, 
a  steel  or  composition  bushing  should  be  iised,  which  is 
threaded  externally  to  screw  into  the  hole  tapped  in 
the  boiler  head  or  in  the  pad  placed  on  top  of  the  shell. 


under  these  conditions  can  only  be  appreciated  afii  ; 
experience  or  two. 

One  of  the  best  feed  arrangements  for  horizontal, 
return-tubular  boilers  is  a  steam-space  feed,  as  illus-' 
trated  in  Fig.  16.  This  feed,  if  properly  arranged,  dis- 
charges the  water  through  the  steam  space  in  a  finely 
divided  state,  and  it  is  heated  practically  to  boiler  tem- 
perature before  it  can  come  in  contact  with  any  of  the 
metal  parts  of  the  boiler.  This  sudden  heating,  while 
the  water  is  not  in  contact  with  any  surface,  tends  to 
bring  down  a  considerable  portion  of  the  scale  forming 
matter  in  a  granular  form  that  can  be  readily  washed  out 
of  the  boiler.  When  discharging  the  feed  water  in  the 
steam  space  of  the  boiler,  to  avoid  a  water-hammer,  the 
pipes  must  be  kept  constantly  filled  with  water.  If  the 
feed  pipe  comes  from  above,  as  illustrated  in  Fig.  16, 
a  substantial  trap  or  pocket  must  be  formed  below  the 
outlet. 

The  general  instructions  in  regard  to  feeding  a  boilei 
are   that   the   feed   pipe    should    be   located   so   that  the 


Fig.  15. 
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This  bushing  should  also  be  threaded  internally  at  both 
ends,  to  connect  the  inside  and  external  portions  of  the 
feed  pipe.  To  avoid  the  expen.se  of  this  bushing,  it  is 
sometimes  customary  to  place  a  running  thread  of  suf- 
ficient length  on  the  end  of  the  external  portion  of  the 
pipe,  so  that  it  may  be  screwed  through  the  head  far 
enough  to  allow  of  attaching  the  inner  portion  of  the 
pipe  to  its  end.  This  arrangement  is  not  satisfactory, 
and  the  iise  of  a  bushing  should  be  insisted  upon  for  all 
boilers  equipped  with  an  internal  feed  pipe.  A  common 
arrangement  for  the  internal  portion  of  the  pipe  for  a 
horizontal,  return-tubular  boiler,  is  shown  in  the  plan 
view.  Fig.  15,  where  the  pipe  runs  the  entire  length  of 
the  boiler  and  crosses  over  and  is  discharged  between  the 
tubes  and  the  shell,  near  the  rear  head  on  the  opposite 
side. 

It  is  necessary  that  the  internal  portion  of  the  feed 
pipe  be  hung  securely  from  the  shell  or  braces,  and  not 
allowed  to  touch  the  tubes  or  shell.  Unless  this  pre- 
caution is  taken,  it  is  likely  that  a  hole  will  be  produced 
in  the  boiler  at  any  point  on  which  the  pipe  may  rest, 
because,  the  pulsations  of  the  feed  pump  cause  it  to 
constantly  vibrate,  which  keeps  the  metal  surfaces  clean 
at  the  point  of  contact.  Under  these  conditions,  corrosive 
action  of  the  feed  water,  which  under  ordinary  condi- 
tions could  not  be  noted,  will  destroy  the  metal  with 
extreme  rapidity.     The  speed  with  which  corrosion  acts 


water  will  be  discharged  at  the  coldest  point.  ThL- 
rule  is  often  in  error,  and  the  writer  believes  could  bf 
replaced  with,  "locate  the  discharge  so  that  the  iucomi 
ing  feed  water  must  mingle  thoroughly  with  the  watei 
in  the  boiler,  before  it  comes  in  contact  with  any  pari 
of  the  boiler  that  is  likely  to  be  injured  by  sudden  tem^ 
perature  changes." 

A  method  of  feeding  horizontal,  return-tubular  boiler: 
that  is  fairly  common,  but  which  should  never  be  used 
is  to  attach  the  feed  to  the  blowoff  connection.  Thi' 
point  of  attachment  is  probably  chosen,  because  it  re 
duces  the  number  of  connections  to  the  boiler  by  one 
and  also,  becau.se  it  saves  some  pipe  and  fittings.  Thii 
method  of  feeding  is  severe  on  the  boiler  shell  and  ii 
likely  to  produce  cracks  or  leaking  at  the  girth  scami 
along  the  bottom  of  the  shell,  unless  the  boiler  is  of  thi 
very  best  construction. 

The  small  vertical  tubular  boiler  is  best  fed  througl 
the  shell  about  one-half  the  tube  length  above  the  crowi 
sheet.  For  large  boilers  of  this  type,  it  is  best  to  usi 
an  internal  feed  pipe  and  discharge  the  feed  water  nea 
the  center  of  the  nest  of  tubes.  Sometimes  the  interna 
pipe  is  slotted  or  perforated,  so  that  the  feed  is  dis 
charged  across  the  entire  diameter  of  the  boiler.  It  i 
common  practice  to  feed  small  portable  boilers  of  thi 
type  in  the  water  leg  at  a  point  about  even  with  th 
top  of  the  bed  of  fuel ;  this  should  always  be  avoided,  a 
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it  produces  severe  strains  in  the  furnace  slieet  opposite 
;he  feed  inlet  and  it  is  likely  to  produce  cracking  of  the 
iheet  or  leakage  around  the  stay-bolts. 

With  the  locomotive  type  of  boiler  iised  for  stationary 
Ivork,  a  good  point  to  discharge  the  feed  water  wouhl 
j)e  near  the  top  of  the  tubes  and  about  three  feet  forward 
[rom  the  tube  sheet,  but  it  is  rarely  put  in  at  this  point, 
ecause  the  average  boiler  of  this  type  can  not  be  entered 
^bove  the  tubes.  The  usual  method  is  to  discharge  the 
'eed  in  the  water  leg  bekjw  the  shell.  The  objection  to 
ocating  the  feed  at  this  point  is  the  same  as  for  the 
vater  leg  of  the  vertical  tubular  type  of  boiler. 

The  best  readily  accessible  point  for  the  attachment 
)f  the  feed  pipe  in  the  locomotive  type  of  boiler  is  in 
he  shell  below  the  waterline  and  near  the  front  head. 
The  location  of  the  feed  pipes  on  water-tube  boilers  has 
>'enerally  l)een  decided  by  competent  designers,  and  they 
ire  usually  placed  in  11i<'  most  suitable  location. 

Fek!)  \'-\l\'I';s 

The  feed  valve  is  the  most  frequently  manipulated 
alve  on  a  boiler,  and  for  that  reason  it  should  be  easily 
iccessible.  If  the  plant  is  of  such  size  that  the  fireman's 
iuty  is  to  watch  the  water  level  in  the  boilers  the  feed 
ralves  should  be  located  at  the  front  of  the  setting  and 
n'ithiu  easy  reach  of  the  floor.  A  common  and  convenient 
irrangcment  for  the  feed  pipes  of  horizontal,  return- 
tubular  boilers,  set  in  a  battery,  is  illustrated  in 
Fig.  17. 

It  IS  best  to  use  two  stop  valves  on  a  feed  line  and 
ocate  the  check  valve  between  them.  Then  it  is  pos- 
sible to  remove  any  obstruction  that  may  pass  through 
:he  pipe  and  lodge  in  the  check  valve,  without  jiecessi- 
:ating  a  shutdown  or  the  stoppage  of  the  feed  to  the 
jalance  of  the  l)t)ilcrs.  If  globe  valves  are  used  for  feed 
calves,  they  should  be  turned  so  that  the  discharge  from 
;he  pump  will  be  beneath  the  disk.  This  will  prevent 
:hutting  off  the  supply  of  water  from  the  boiler,  should 
he  disk  become  detached  from  the  stem.  When  more 
mportant  considerations  do  not  interfere,  the  feed  and 
■heck  valves  on  a  feed  pipe  should  be  placed  as  close 
,0  the  point  where  the  i>ipe  enters  the  boiler  as  pos- 
iblc. 

Under  no  consideration  should  the  feed  pipe  connect 
wo  or  more  boilers  together  without  the  intervention  of 
heck  valves,  with  the  exception  of  heating  plants,  where 
he  returns  are  fed  directly  to  the  boilers  by  gravity. 
Vithout  ciieck  valves  on  such  connection  for  power  boil- 
rs,  the  water  may  be  driven  from  one  boiler  to  another, 
nd  cause  a  dangerous  condition  of  low  water  to  exist 
a  some  of  the  boilers.  Fig.  18  illustrates  an  incorrect 
onuection  of  this  kind  that  is  frequently  met  with  in 
awmills  and  similar  plants.  This  is  a  dangerous 
rrangement,  for  under  operating  conditions,  with  the 
sual  arrangement  of  steam  pipes,  sufficient  differences 
f  pressure  may  exist  in  the  different  boilers  (although 
lie  steam  valves  are  wide  open)  to  cause  a  serious  dif- 
2rence  in  the  water  level.  If  a  main-stop  valve  is  closed 
n  one  of  the  boilers  without  the  feed  valve  being  also 
losed,  the  Avater  would  be  either  forced  out  of  this 
oiler,  due  to  an  increase  in  pressure  above  its  mates, 
r  it  would  entirely  fill  up  by  drawing  water  from  the 
ther  boilers,   should  the  pressure  in  it  fall. 


AuTOii.vTic  Feed-Water  Eegulatoes  axd  Alarm 
Columns 

These  two  devices  are  discussed  under  the  same  head- 
ing because  they  should  go  hand  in  hand  and  both  should 
be  looked  after  by  a  competent  water-tender.  It  is  ab- 
surd to  say  that  all  automatic  devices  are  dangerous 
for  use  on  a  boiler,  for  a  safety  valve  is  automatic  m 
action,  yet  no  intelligent  engineer  would  lliink  of  operat- 
ing a  boiler  without  its  being  equipped  will,  such  a  safety 
device.  It  is  a  fact,  however,  thai  a  boiler  attendant 
after  noting  the  repeated  successful  operation  of  an  auto- 
matic device,  begins  to  rely  on  its  use  and  relaxes  the 
watchful  care  he  would  otherwise  bestow  on  the  vari- 
ous devices.  A  jiossible  answer  to  the  question.  Do 
automatic  devices  in  a  boiler  plant  i>:n?  is  that  manv 
of  them  enable  an  intelligent  opci'ator  to  handle  more 
work  with  greater  efficiency  than  could  be  done  without 
their  aid.  They  should  never  be  used  to  aid  a  lazy  or 
incompetent  attendant  to  shun  work. 

Aside  from  safety  valves  and  damper  regulators,  auto- 
matic feed-water  regulators  are  the  most  common  of  tlie 
automatic  devices  used  in  connection  with  boiler  opera- 
tion. There  are  many  kinds  of  feed-water  regulators, 
all  of  Avhieh  operate  on  the  change  of  water  level  in  the 
lK)iler,  and  since  there  must  be  some  appreciable  change 
in  the  water  level,  in  order  to  sufficiently  affect  the 
Ijuoyancy  of  the  floats  used  to  operate  directly  or  indi- 
rectly the  feed-controlling  valves,  tli"  lution  is  in  reality 
intermittent    and    not    constant. 

A  good  illustration  of  the  intermittent  action  of  so 
vailed  feed-water  regulators,  is  shown  in  a  pamphlet 
issued  by  the  General  Electric  Co.  on  "Steam-Boiler 
Economy."  A  diagram  showing  the  rate  of  feed  en- 
trance and  steam  out]iut,  taken  over  a  period  of  prac- 
tically an  hour,  shows  that  the  feed  water  was  admitted 
at  a  uniform  rate  of  about  54,000  lb.  ])er  hour  for  an 
interval  of  three  minutes,  after  which  the  feed  would  be 
automatically  stopped  with  praclnally  no  admission  for 
a  period  of  nine  minutes,  after  which  auollicr  throe- 
minute  period  of  maximum  feed  flow  would  occur.  Xo 
figures  are  given  for  the  fi^ed-water  temperature,  but  the 
output  from  the  Ixiiler  -was  decreased  from  a  rate  of 
about  24,000  lbs.  of  steam  per  hour  as  a  maximum  to 
.S(J00  lb.  per  hour.  This  drop  in  steam  output  occurred 
through  a  period  of  throe  minutes  and  lagged  about  one 
and  a  half  minutes  behind  the  feed  period.  'After  the 
lower  limit  was  reached,  the  steam  out]mt  increased  at 
a  uniform  rate  to  the  maximum.  Il  cnii  Ije  seen  from 
this  data  that  such  a  regulator  (ipci-aling  on  a  single 
boiler  plant,  if  the  ])laiit  was  worked  near  its  maximum 
capacity,  might  be  a  source  of  li-ouble  instead  of  an 
aid  to  uniform  operating  conditions.  If  this  kind  of 
feed  apparatus  should  operate  in  synchronism  on  several 
boilers,  it  would  affect  the  ability  of  the  plant  to  care 
for  overloads. 

The  reduction  of  boiler  capacity  due  to  intermittent 
feeding  has  probably  not  been  thoroughly  appreciated  by 
the  average  engineer,  Init  the  fireman  has  always  known 
what  a  help  it  was  to  have  the  feed  cut  off  while  he  was 
making  a  fight  to  gain  on  the  steam  pressure.  It  is 
probable  that  with  a  load  that  is  at  all  steady,  the  best 
operating  conditions  are  obtained  by  using  a  hand-con- 
trolled valve  which  bypasses  the  regulator,  this  valve  to 
be  so  set  that  it  will  not  quite  supply  the  boiler  with 
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till'  average  amount  of  I'ocd  water  requireil  imd  alhiw 
tlie  automatic  valve  to  uarc  for  the  deliciency.  This 
arrangement  will  greatly  lengthen  the  time  intervals  lie- 
tweeu  the  operations  of  the  automatie  \alve,  and  ((iiiso- 
queiitly  reduce  the  effect  of  its  operation  on  the  lioiler 
performance.  One  regulator  manufacturer  has  recently 
gotten  out  a  regulator  valve  with  such  a  bypass  as  part 
of  the  valve  proper. 

The  absurdity  of  the  claim  made  for  the  average  feed- 
water  regulator,  that  the  apparatus  nuiiutains  a  continu- 
ous feed,  can  be  readily  appreciated  when  it  is  considered 
that  the  drop  in  water  level  of,  say,  a  250-hp.  water-tube 
boiler  (without  the  introduction  of  feed  water)  is  only 
0.15  in.  per  minute  when  operating  at  rating.  A  100- 
liji.,  horizontal,  tubular-boiler  would  change  the  water- 
line  about  0.12  in.  per  minute,  under  the  same  condi- 
tions. 

In  installing  a  feed-water  regulator  the  portion  that 
contains  the  actuating  float  is  placed  near  the  boiler  on 
a  line  with  the  iJrojK-r  water  level  in  the  boiler,  and  the 
(ovi]  i)ump  is  usually  equipped  with  an  automatic  gov- 
(I'nor,  whieb  controls  its  action  accortling  to  the  pressure 


a  float  which  operates  a  whistle  to  notify  the  attendant 
when  the  water  level  is  too  low.  Alarm  columns  aiv 
usually  made  to  notify  the  attendant  when  both  liii^h 
and  low  levels  of  water  are  reached,  but  the  writer  be- 
lieves that  it  is  much  safer  to  limit  the  indications  to 
low  water  only,  for  then  there  can  be  no  mistaking  what 
is  the  trouble  when  the  whiste  blows  and  the  attendant 
is  not  required  to  make  any  distinction  between  tones. 
A  number  of  accidents,  particularly  on  vertical  boilers, 
where  the  water  columns  could  not  be  readily  seen  from 
the  floor  level,  have  been  caused  by  the  attendants  blow- 
ing down  a  boiler,  to  relieve  a  condition  of  supposed 
high-water  level,  when  he  was  in  reality  further  empty- 
ing a  boiler  in  which  the  water  was  already  low.  The  < 
only  way  to  insure  the  satisfactory  operation  of  automatic 
apparatus,  is  to  be  ever  on  the  alert  to  discover  any 
derangement,  and  this  requires  that  its  operation  be 
tested   frequently   and  at  regular   intervals. 

TliOI'KK   .\.1!I!ANGEMENT  OF   SakKTV   A'.VI.VICS 

It  is   usually   considered   sufficient    f(U-  all   ))urposes  ul" 
safi'ty  that  a  safety  valve  be  allache<l  to  the  steam  ^paee 
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in  the  feed  line.  Some  regulators  operate  so  that  the 
closing  of  the  automatic  feed  valve  is  positive  to  jirevent 
further  entrance  of  feed  water  to  the  boiler,  and  no 
amount  of  pressure  in  the  feed  line  will  tend  to  cause 
the  valve  to  open.  With  this  equipment,  if  the  pump 
governor  fails  to  work  from  any  cau.se  and  the  cylinder 
ratios  are  large,  a  dangerously  high  pressure  may  be 
developed  in  the  fi>ed  lines.  Th(>  writer  prefers  regula- 
tors that  do  not  close  the  inlet  valve  in  this  positive 
manner,  but  permit  a  leakage  by  the  valve  when  certain 
(lilierences  exist  between  the  boiler  ])ressure  and  the  feed- 
line  pressure. 

Xo  feed-water  regulator  should  be  used  on  a  boib'i- 
without  a  low-water  alarm  column  being  also  used;  and 
this  column  ami  its  connections  to  the  boiler  should  be 
entirely  separate  and  distinct  from  those  to  the  regulator. 
Ft  is  a  common  expedient  to  reduce  cost  by  combining 
these  different  pieces  of  apparatus  in  one.  but  this  ar- 
rangement should  imt  aiijieal  to  the  engineer,  for  he 
should  realize  that  the  complete  seiiaration  of  these  two 
ideces  of  apparatus  is  the  (Uily  thing  that  can  render  one 
a  real  check  against  the  other,  and  such  a  check  is  most 
necessary. 

n"'he  low-water  alarm  i-ohmin  is.  of  course,  used  in  the 
regular  way  as  a  water  column  and  in  addition  it  carries 


of  a  boiler  without  the  intervention  of  a  stop  valve,  and 
have  the  connections  to  the  boiler  and  from  the  discharge 
side  of  the  valve  fully  as  large  as  the  entrance  port  of 
the  valve.  The  intelligent  application  of  this  very  neces- 
sary safety  appliance  is,  however,  not  such  a  simple 
matter.  In  the  first  place  if  a  spring-pop  valve  is  used, 
it  is  generally  adjusted  to  be  fairly  sensitive;  that  is,  it 
will  perform  all  of  its  functions  within  a  small  range 
of  ])iessure.  On  this  account,  when  possible,  a  safety 
valve  should  be  placed  on  a  separate  connection  aiul  not 
on  the  main  steam  outlet.  If  a  boiler  is  oidy  provided 
with  one  steam  outlet,  then  the  safety  valve  should  be 
loc'ated   as  close  to  this   outlet   as   possible. 

When  steam  is  used  to  operate  a  reciprocating  engine, 
if  is  (lra\\ii  from  the  boilers  in  pufl's,  instead  of  a  steady 
stream,  and  under  these  circumstances  variations  in  the 
pressure  are  constantly  occurring  in  the  i)i])e  line.  The 
variations  in  pressure  are  much  more  ]>ronounced  near 
the  engine  and  less  so  near  the  boiler.  Where  a  pop 
valve  is  located  on  a  pipe  line,  away  from  the  boiler, 
under  these  conditions,  and  the  running  pressure  is  near 
that  for  which  the  valve  is  set.  the  valve  is  liable  to 
chatter  and  wear  out  the  disk  or  seat  in  a  shm-f  time. 
Fig.  10  shows  an  arrangement  of  this  kind  mi  a  v(M'tical 
boiler  that  irave  trouble  from  this  cause.     Tlie  tec  in  tlii.< 
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case  offers  about  the  same  resistance  to  the  passage  of 
steam  as  would  be  caused  by  40  ft.  of  straight  pipe  and 
the  variations  in  the  pressure  under  the  valve,  due  to 
the  uneven  draft  by  the  engine,  was  sufBcient  to  cause 
it  to  chatter  badly  whenever  the  steam  pressure  reached 
a  point  near  that  at  which  the  valve  was  set.  The  flow 
of  steam  in  a  pipe  leading  to  a  safety  valve  and  also  in 
the  connection  leading  from  the  exhaust  side,  can  cause 
considerable  pressure  changes  at  the  valve  during  its 
operation,  and  if  these  connections  are  too  long  or  small 
they  may  prevent  it  working  satisfactorily. 

It  is  annoying,  in  the  average  plant,  to  have  the  valves 
discharge  directly  in  the  boiler  room,  so  escape  pipes  are 
giiierally  used  to  carry  the  steam  outside.  When  it  is 
]iii>sible  the  escape  pipes  should  be  placed  in  a  horizontal 
]iosition,  as  shown  at  A,  Fig.  20,  with  a  slight  fall  from 
the  valves  to  the  open  end,  so  that  there  will  be  no  ten- 
dency for  water  to  collect  in  these  pipes.  It  is  not  prac- 
tical to  have  horizontal  discharge  connections  in  all  cases 
and  sometimes  these  pipes  are  run  through  the  roof. 
It  is  evident  that  care  must  be  taken  with  such 
I  an  arrangement,  to  prevent  the  collection  of  water  in 
the  discharge  pipes.  Xearly  all  pop  safety  valves  have 
a  small  hole  provided  in  them  for  this  purpose,  but  they 
I  are  usually  too  small  to  be  trusted,  and  a  1-in.  hole 
[  should  be  drilled  in  the  bottom  of  each  elbow  at  C,  and 
even  with  a  hole  of  this  size  it  is  necessary  to  watch  it 
to  prevent  its  becoming  stopped  with  rust  and  scale. 
When  the  discharge  pipe  is  not  positively  drained  and 
water  collects  in  it,  the  spring  of  the  valve  is  ruined  in 
a  short  time  and  the  disk  is  liable  to  corrode  fast  to 
the  seat,  or  scale  may  block  the  free  space  between  the 
coils  of  the  spring  so  that  it  is  entirely  inoperative; 
this  condition  is  found  with  alarming  frequency  by  boiler 
inspectors. 

To  insure  that  a  safety  valve  is  operative,  its  freedom 
of  action  should  be  tested  daily  by  raising  the  steam 
pressure  until  the  popping  point  is  reached,  but  often 
this  method  of  testing  is  objectionable,  for  some  reason, 
and  the  valve  must  be  tested  by  hand;  to  test  by  this 
this  method,  the  testing  levers  should  be  kept  in 
place  at  all  times  and  not  left  detached,  as  is  frequently 
the  case  after  setting  a  valve.  When  the  roof  over  the 
boilers  is  low,  it  is  generally  a  hot,  dirty  place  for  the 
engineer  to  crawl  to  test  the  safety  valves  and  on  this 
account  it  is  often  neglected.  A  chain  or  rope,  with 
suitable  pulleys  may  be  arranged  so  as  to  test  the  free- 
dom of  the  safety  valves  from  the  floor  level,  but  in 
putting  up  such  a  contrivance,  every  precaution  should 
be  taken  to  see  that  it  will  be  impossible  for  it  to  in  any 
way  hinder  the  regular  operation  of  the  valve,  particu- 
larly so,  if  it  happens  to  be  of  the  lever  type. 

The  safety  valves  on  all  boilers  connected  to  a  com- 
mon steam  main  should  be  set  at  approximately  the  same 
pressure,  and  this  should  be  the  pressure  suited  for  the 
weakest  boiler  in  the  battery.  Where  boilers  are  capable 
of  carrying  varying  pressures  and  the  valves  are  not  all 
set  at  the  lowest  pressure,  the  steam  pressure  may  rise 
above  that  suitable  for  the  weakest  boiler  in  the  event 
of  the  sudden  stoppage  of  the  flow  of  steam,  because  the 
valve  area  for  the  relief  of  steam  at  the  low  pressure 
would  be   inadequate. 

The  setting  of  a  pop  safety  valve  should  never  be 
clianged  without  knowing  for  what  pressure  the  spring 


was  originally  intended.  A  description  of  the  spring, 
giving  the  inside  or  outside  diameter  of  the  coil,  and 
with  accurate  dimensions  of  the  cross  section  of  the  bar 
from  which  the  spring  was  made,  together  with  the 
length  of  spring  and  size  of  valve,  if  sent  to  the  manu- 
facturer of  the  valve,  will  bring  forth  the  needed  informa- 
tion. The  danger  of  setting  a  pop  valve  without  know- 
ing for  what  pressure  the  spring  was  originally  intended 
to  be  used,  is  that  the  spring  may  be  too  weak  for  the 
pressure  desired  and  the  coils  compressed  to  a  point 
where  the  free  liberation  of  steam  may  be  interfered 
with,  if  not  absolutely  prevented,  as  has  often  been  found 
to  be  the  case  whore  inexperienced  persons  have  attempted 
to  readjust  pop  safety  valves. 

If  the  pressure  is  much  less  than  that  for  which  the 
spring  was  designed  the  valve  will  not  operate  satis- 
factorily. Generally  a  safety-valve  spring  is  suited  for 
a  10  per  cent,  increase  or  decrease  in  pressure  from 
that  for  which  it  was  originally  intended,  but  it  is 
never  safe  to  assume  that  the  pressure  to  which  a  valve 
is  set  is  the  one  for  which  the  spring  was  designed. 

Some  Power  Features  of  the  Ghent 
Exposition 

Three  years  ago  there  w-as  a  large  international  ex- 
position at  Brussels.  It  ought  to  have  been  in  1908  and 
Ghent,  only  an  hour's  ride  away,  was  to  have  one  this 
year,  five  years  later.  Notwithstanding  the  postponement 
of  the  Brussels  show  and  the  short  interval,  Ghent  has 
persisted  in  her  determination  to  have  the  exposition  this 
year  as  intended,  and  under  the  circumstances  has  pro- 
duced a  really  creditable  display. 

The  most  striking  exhibit  in  the  power  line  is  that  of 
Carel  Freres,  of  Ghent,  whose  activity  in  the  develop- 
ment of  the  modern  Diesel  engine  has  given  them  an  in- 
ternational reputation  and  led  to  an  extensive  enlarge- 
ment of  their  works.  Their  exhibit  occupies  the  center 
of  Machinery  Hall,  and  has  for  its  most  prominent  fea- 
ture a  1600-hp.  reversible  marine  engine,  carrying  a  large 
propeller  upon  its  shaft,  with  thrust  block  and  mount- 
ings just  as  it  would  be  installed  in  a  vessel.  It  is  under 
the  complete  control  of  the  operator  and  always  attracts 
a  large  crowd  when  it  is  maneuvered.  It  is  two-strokc- 
cycle,  single-acting,  with  six  cylinders,  510  mm.  (20  in.) 
in  diameter,  980  mm.  (36  in.)  stroke  and  is  designed  to 
run  at  130  r.p.m.  There  are  two  double-acting,  scaveng- 
ing pumps  run  by  levers  from  the  main  engine,  and  the 
Reavell  compressor  for  the  fuel-injection  air  is  carried 
at  the  end  of  the  shaft  opposite  that  to  which  the  screw 
is  attached.  The  crankshaft  is  made  up  in  three  dupli- 
cate lengths  so  that  only  one  spare  has  to  be  carried.  The 
injection  pressure  is  about  45  atmospheres  and  tlie 
scavenging  pressure  between  4  and  5  lb.  There  are  four 
scavenging  valves  in  the  head  of  each  cylinder,  regidarly 
disposed  about  the  central  fuel  valve,  directly  behind 
which  and  between  two  of  the  scavenging  valves  is  the 
air-starting  valve.  It  is  claimed  that  about  30  per  cent, 
less  in  length  of  the  vessel  is  required  for  such  an  in- 
stallation than  for  engines  and  boilers,  and  that  there  is 
besides  a  considerable  saving  in  weight  as  compared  with 
the  steam-driven  plant. 

The  Carel  Freres  have  also  a  four-cylinder,  vertical, 
two-stroke-cycle  engine  of  1000  hp.  connected  to  an  al- 
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ernator  furnishing  t-urri-'nr  iw  the  e:.i)Osiliun.  This  run- 
it  160  r.p.m.  and  is  nuuli  smaller  than  the  marine  en- 
gine in  iDrcportion  to  the  power  which  it  develops.  It 
las  a  single  scavenging  pump  in  line  with  the  other  cyl- 
inders and  operated  hy  a  crank  from  the  main  .shaft, 
ivhile  the  scavenging  pumps  of  the  marine  engine  are  on 
;hc  floor  level  and  behind  the  main  machine. 


the  four-stroke-cycle  type  and  has  a  two-stage  compressor 
operated  directly  from  the  crankshaft.  They  are  produc- 
ing a  brake  horsepower  on  about  100  grams  (0.42  lii. 
prox.)   of  fuel  oil  per  hour. 

They  exhibit  also  a  230C-hp.  cross-compound  steam 
engine,  but  it  is  a  sign  of  the  times  that  it  is  not  in  mo- 
tion. 


Fig.  2.   GEXEraL  View  of  Exhibit 


There  is  also  shown  an  auxiliary  compressor  for  the 
marine  engine,  two  cylinders,  vertical,  four-stroke-cycle. 
120  hp. 

They  have  just  developed  a  horizontal,  single-cylinder 
engine,  a  100-hp.  example  of  which  is  shown.  It  is 
cheaper  and  more  accessible  than  the  vertical  and  the 
trunk  piston  can  be  taken  out  without  removing  the  cyl- 
inder head  hy  uncoupling  the  connecting-rod.     It  is  of 


Van  den  Kerchove,  of  Ghent,  has  two  tandem-com- 
l^ound  engines  with  his  piston  valves  500  hp.  each  at 
1.50  r.]i.ni.  and  two  Van  den  Kerchove-Bergmann  turbines 
of  1500  kw.,  each  running  at  3000  revolutions.  They  have 
one  Curtis  wheel  with  two  velocity  stages  and  10  Eatean 
or  pressure  stages.  They  are  .«old  to  the  city  of  Ghent 
for  its  central  station  and  help  to  supply  current  for  the 
exposition. 
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All  iiiipresi^ive  exhibit  is  a  Curtis  niniier  for  a  turbine, 
some  seven  or  eiglit  feet  in  diameter  and  bearing  the 
legend :  "Capable  of  developing  all  by  itself  3000  hp.  at 
1500  r.p.m."  Its  signilicance  comes  from  its  juxtaposi- 
tion to  the  comparatively  massive  and  complicated  Diesel 
which  develops  only  half  as  much.  But  the  boilers  and 
auxiliaries  are  not  exhibited  with  the  wheel. 

An  installation  of  Balcke  or  Le  Blanc  condensers  is 
shown  running  in  an  open  tiled  condenser  pit. 

Brown,  Boveri  &  Co.  ha^■e  a  2000-kw.  unit  running  at 
3000  r.p.ni.  and  a  smaller  unit  not  iii  operation.  They 
show  also  a  surface  condenser,  one  side  of  which  may  be 
opened  and  cleaned  while  the  other  side  is  in  use. 


Actuating  Device  for  Chain  Gijate 

Cockerill,  of  Seraing,  shows  a  crankshaft  weighing  85,- 
000  kg.  (187,000  lb.),  45,000  of  which  is  shaft  and 
40,000  cranks. 

The  Societe  de  la  Meuse  exhibit  a  turliine  of  1250  kw. 
designed  to  run  at  3000  revolutions. 

There  are  a  few  small  locomobiles,  by  French  and  Bel- 
gian makers,  one  in  particular  by  Boultc,  Larbodiere  & 
Cie.,  Aubervilliers  (Seine),  is  hardly  a  locomobile  but 
with  a  vertical  engine  combined  with  a  vertical  liuilei-. 
superheater,  etc.,  upon  the  same  base. 

Delaunay  Belleville  exhibits  a  boiler  with  an  interest- 
ing mechanical  stoker.  Imagine  the  pulley  .4  mounted 
obliquely  on  its  shaft.  As  the  shaft  revolves  the  pulley 
will  vibrate  between  the  solid  and  the  dotted  positions. 
The  pulley  carries  a  ring  B  with  pins  to  which  is  fitted 
the  forked  end  of  the  sliaft  which  operates  the  worm  gear 


of  a  chain  grate.  Tin's  shaft  is  rotated  backward  and 
forward  by  the  vibratory  motion  of  the  pins  and  carries 
at  its  lower  end  a  spring  ineirding  the  shaft  which  carries 
the  worm.  As  the  shaft  C  turns  in  one  direction  it  wraps 
llic  spring  tiglitly  around  I  lie  wnnn  shaft  and  carries  it 
forward,  while  on  the  baikwanl  nuivement  it  tends  to  un- 
wind and  loosen  the  spring  which  slips  backward  around 
the  shaft  without  turning  it. 

The  largest  transformers  in  the  world  are  being  built 
by  the  Sieniens-Schuckert  Co.,  at  Niirnberg,  for  the  Uber- 
land  central  station,  near  Essen,  Prussia.  They  are  two 
m  number  of  24,000  kw.  capacity,  each  6300  \ults 
primary,  25,200  secondary. 


Purchasing  Coal  under  Specifications* 

H\   (Ieoikjk  S.  PoPEJ 

In  purchasing  coal  for  any  ]i<iwer  plant  the  aim  should 
be  to  obtain  a  fuel  wlii<li.  all  things  considered  (such 
as  equipment,  ]irice  ol  coal,  ajiil  cost  of  labor  and  re- 
pairs), will  produce  a  horsepower  for  the  least  cost. 

The  purchase  of  coal  by  the  government  under  speci- 
fications depending  on  the  heating  value  of  ihc  coal,  its 
content  of  ash  and  of  moisture,  and  other  cniisidcratinns, 
rather  than  upon  the  reputation  or  trade  name  of  the 
coal,  was  first  adopted  by  the  United  States  Treasury 
Department  in  1906.  Since  then  the  plan,  variously 
modified  in  form,  but  the  same  in  principle,  has  been 
gradually  adopted  by  other  departments  until  at  pres- 
ent, of  the  coal  used  by  the  government,  the  total  value 
of  which  approximates  $8,000,000  annually,  more  than 
half  is  ]Mirchascd  under  s]iecifications. 

Sc.\[J[ARY  OF   AnVAXTACES 

The  advantages  of  ]nirchasing  coal  under  specifications 
may  be  bricfiy  summarized  as  follows: 

1.  Bidders  are  placed  on  a  strictly  competitive  basis 
as  regards  quality  as  well  as  price.  This  simplifies  the 
selection  of  the  most  desirable  bid  and  minimizes  con- 
troversy and  criticism  in  making  awards. 

2.  The  field  for  both  the  purchaser  and  the  dealers 
is  broadened,  as  trade  names  are  ignored  and  compara- 
tively unknown  coals  offered  by  responsible  bidders  may 
be  accepted  without  detriment  to  the  purchaser. 

3.  The  ]iurcliaser  is  insured  against  the  delivery  of 
poor  and  dii'ty  coal,  and  is  saved  from  disputes  arising 
from  condemnation  based  on  the  usual  visual  inspection. 

4.  Experience  with  the  old  form  of  contract  sliows 
that  it  is  not  always  expedient  to  reject  poor  coal,  because 
of  the  difficulty,  delay  and  cost  of  removal.  Undei-  the 
present  system,  rejectable  coal  may  be  ; 
gi'eatly  reduced  price. 

5.  A   defi-nite  basis   for  the 
tract  is  provided. 

6.  The  constant  inspection  an 
delivered  furnishes  a  check  on  tli 
tained  in  burning  the  coal. 

7.  Payment  in  proportion  to  ipiality  incites  tl 
tractor  to  prepare  the  coal  more  cai'cfully. 


cepted    at    a 

•ancellation   of  the  con- 

11(1   analysis  of  the  coal 
|ii'actiial    results  oI> 


•Abstract  of  a  paper  read  before  the  National  Association 
ot  Cotton  Manufacturers,  at  the  95th  semiannual  meeting, 
Atlantic  City,  N.  J.,   Oct.  2,   1913. 

tEngineer-in-charge  of  Government  Fuel  Inspection, 
Bureau   of  Mines.   Washington,   D.    C. 
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AwAiiD  OF  Contracts 

In  the  purchase  of  coal  according  to  its  heating  value 
and  composition  an  important  detail,  which  seems  not  to 
be  thoroughly  understood,  is  the  manner  of  making 
awards.  Awards  should  not  be  made  solely  on  the  chem- 
ical analyses  and  the  heating  value  determinations  in  the 
absence  of  information  of  the  behavior  of  the  coals  in 
practical  service  operation,  for  while  calorific  rating  al- 
lows an  award  to  be  made  to  the  best  economic  advantage, 
other  factors  may,  under  certain  conditions,  have  con- 
siderable weight,  especially  if  uncertainty  exists  as  to  the 
suitability  or  adaptability  of  an  untried  coal  to  the  plant 
for  which  it  is  purchased,  and  the  consideration  of  this 
question  must  take  into  account  the  type  and  condition 
of  furnaces  and  grates,  the  draft,  the  labor  of  handling 
coal  and  ash,  the  storage  facilities,  etc. 

Two  coals  having  the  same  percentage  of  ash  by  an- 
alysis may  behave  very  differently  in  the  furnaces,  for  one 
may  clinker  and  the  other  not,  the  ash  by  analysis  not 
indicating  the  extent  to  which  the  ash  may  fuse  or  slag 
on  the  grate  bars  and  thus  seriously  interfere  with  the 
capacity  and  efficiency  of  the  plant.  The  relation  of  the 
composition  of  the  ash  to  its  liability  to  clinker  is  a  mat- 
ter which  is  being  studied,  but  as  yet  altogether  satis- 
factory results  have  not  been  obtained.  On  the  other 
hand,  clinkering  is  frequently  caused  by  the  firemen  slic- 
ing the  fire  too  often  and  working  the  ash  up  from  the 
grates  into  the  hot  coal  bed,  where  it  melts  and  fuses  in- 
to heavy  dense  masses. 

The  chemical  analysis  of  coal  may  not  indicate  whether 
the  coal  will  cake  in  the  furnace,  thereby  interfering  witli 
the  draft  and  lowering  the  rate  and  completeness  of  com- 
bustion. 

Different  coals  with  the  same  percentage  of  volatile 
matter  may  not  behave  alike  in  the  furnace  because  the 
proportion  of  combustible  and  noncombustible  con- 
stituents in  the  volatile  matter,  the  character  of  the  com- 
bustible constituents,  and  the  temi^erature  at  which  they 
are  given  off  in  the  furnace,  vary  in  different  coals. 

In  the  absence  then  of  information  on  the  results  which 
may  be  obtained  in  actual  service  to  supplement  the  chem- 
ical analyses  and  heating  tests,  it  may  prove  difficult 
to  determine  the  award  to  the  best  economic  advan- 
tage and  service  tests  in  tlie  plant  equipment  will  be  re- 
quired. 

In  comparing  bids  on  the  basis  of  the  chemical  an- 
alyses and  B.t.xi.  of  the  coal  offered  by  the  respective  bid- 
ders, the  method  used  is  to  merge  the  variables — ash, 
moisture,  calorific  value  and  price  bid  per  ton — into  one 
figure,  the  cost  of  1,000,000  B.t.u.  Any  coals  which 
have  proved  from  experience  or  by  practical  test  un- 
suited  for  the  furnace  and  boiler  equipment,  or  have 
failed  to  meet  the  requirements  of  the  city  smoke  or- 
dinances, may  be  eliminated  from  consideration  regard- 
less of  their  calculated  costs  per  million  B.t.u.  and  the 
remaining  bids  may  be  compared.  -  The  lowest  bid  then 
selected  should  be  considered  as  a  tentative  award  only, 
the  final  award  to  depend  on  the  coal  giving  satisfaction 
in  every  respect  in  the  plant  equipment  and  on  the  sat- 
isfactory fulfillment  of  the  contract. 

The  relative  facilities,  competency  and  responsibility 
of  the  competing  firms  must,  of  course,  also  be  considered 
in  makiiiij  awards. 


Government  Specifications  for  Coal 

Two  classes  of  coal,  anthracite  and  bituminous,  are 
recognized  and  differentiated  in  government  specifica- 
tions. By  anthracite  is  meant  the  coal  mined  in  Sus- 
quehanna, Lackawanna,  Luzerne,  Carbon,  Schuylkill, 
Columbia,  Sullivan,  Northumberland  and  Dauphin 
Counties,  Penn.  By  bituminous  coal  is  meant  varieties 
other  than  anthracite,  including  the  several  grades  of 
semibituminous  and  sub-bituminous. 

The  bituminous  specifications  require  the  bidder  to 
specify  the  quality  of  coal  offered  in  terms  of  moisture, 
"as  received,"  ash,  sulphur,  volatile  matter  and  B.t.u., 
"dry  coal";  these  values  becoming  the  standards  of  tlv 
contract  to  determine  rejectable  coal  and  the  price  to  '" 
paid  for  delivered  coal. 

The  specifications  allow  a  variation  of  2  per  cent,  fiiim 
the  ash  and  heating  value  standards  before  making  idi- 
rections  in  price.  This  is  allowed  to  j^rovide  (a)  i'lr 
the  reasonable  variations  in  composition  that,  it  is  re(i io- 
nized, the  same  sample  may  show  in  the  laboratory  m 
two  different  determinations,  (h)  for  variations  tli;it. 
arise  in  preparing  and  reducing  the  gross  sample  collectcil 
from  the  delivery  to  a  quantity  convenient  for  transmittiil 
to  the  laboratory,  (c)  for  variations  due  to  the  collecti"ii 
of  gross  samples  as  representing  the  coal  sampled,  ami 
(d)  for  allowing  the  contractor  latitude  in  the  prepara- 
tion of  the  coal,  since  it  is  recognized  that  the  quality 
of  his  coal  as  expressed  in  terms  of  ash  and  B.t.u.  caniinl 
be  strictly  controlled  within  narrow  limits. 

The  specifications  require  the  bidders  to  specify  a  nia.xi- 
mum  moisture  content  in  the  coal  offered.  This  value 
becomes  the  standard  of  the  contract.  No  price  correction 
is  made  for  deliveries  containing  by  analysis  a  moisture 
content  less  than  the  standard,  but  the  price  is  correctiil 
for  moisture  in  excess  of  the  amount  guaranteed  by  tin/ 
contractor,  the  deduction  being  determined  by  niulti]ily 
ing  the  price  bid  by  the  percentage  of  moisture  in  iw- 
cess  of  the  amount  guaranteed. 

The  fact  is  recognized  that  the  amount  of  moist  uiv 
contained  in  coal  produced  from  day  to  day  from  tin' 
same  mine,  or  group  of  mines  working  the  same  bed.  i- 
largely  accidental,  and  is  a  matter  over  which  the  bu\  i 
and  seller  have  only  a  slight  control.  However,  in  ovl'  r 
to  place  a  negative  value  on  high-moisture  coals  and  i" 
protect  the  government  against  the  delivery  of  coals  i  - 
taining  excessive  amounts  of  moisture,  the  bidders 
required  to  guarantee  a  maximum  moisture  contr.i  t. 
Price  corrections  on  account  of  excessive  moisture  are 
seldom  necessary  if  the  contractor  does  not  guarantr.  a 
content  lower  than  can  be  actually  maintained  on  ii 
average. 

No   corrections   in   price   are   made   for    variation>    in 
volatile   matter,   for   the   government   does   not   coii>i.li  r 
any   scheme   of   applying   penalties   on   account    of   - 
variations  to  be  equitable. 

The  results  of  tests  and  experiments  show  tliat 
percentage  of  sulphur  does  not  indicate  the  behavim 
the  coal  in  the  furnace.  For  a  long  time  it  was  tho\i,i:lif 
that  the  sulphur  formed  clinker,  but  investigations  puint 
to  the  fact  that  sulphur  is  not  the  only  cause  of  cliiikii- 
ing;  in  fact,  there  may  be  no  difficulty  from -clinker  in 
burning  coal  containing  as  much  as  5  per  cent,  or  mure 
sulphur.  The  relative  proportions  of  iron,  sulphur,  lime, 
alumina,  silica,  etc.,  in  the  ash  affect  its  fusibility,  where- 
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as  the  method  of  firing  and  the  rate  of  combustion  are 
important  factors  in  the  formation  of  clinkers.  At  many 
power  plants  the  fireman  slices  the  fire  too  often  and 
works  the  ash  up  from  the  grates  into  the  hot  coal  bed, 
where  it  melts  and  fuses  into  heavy  dense  masses  of 
cl inker.  At  high  rates  of  combustion  the  ash  in  a  given 
coal  may  clinker  (though  at  lower  rates  it  does  not), 
because  of  the  ash  being  raised  to  the  fusing  temperature. 
Because  of  these  variables  no  corrections  in  price  for 
variations  in  sulphur  are  made  under  government  speci- 
fications, but  the  contractors  are  required  to  specify  the 
sulphur  content  so  that  standards  for  the  coals  to  be  de- 
livered may  be  established. 

Many  commercial  and  municipal  specifications  exact 
penalties  for  a  slight  increase  in  the  sulphur  content,  al- 
though coal  of  high  sulphur  content  may  clinker  less  and 
its  heating  value  may  be  higher.  One  specification  re- 
ceived by  the  Bureau  of  Mines  exacts  a  deduction  of  5 
per  cent,  in  price  for  each  1  per  cent,  of  sulphur  in  ex- 
cess of  the  standard.  In  the  case  of  a  coal  supplied  at 
$3  per  ton,  the  presence  of  1  per  cent,  of  sulphur  in  ex- 
cess of  the  standard,  as  indicated  by  analysis,  would  often 
result  in  an  unwarranted  deduction  of  15c.  a  ton.  Under 
such  a  contract,  the  variations  which  are  recognized  to 
exist  in  sampling  and  analysis  may  cause  a  contractor 
unjustly  to  suffer  a  heavy  deduction. 

Both  the  sulphur  and  the  volatile-matter  content  should 
be  used  to  classify  coals  and  to  identify  the  coal  guar- 
anteed. Variations  indicating  the  substitution  of  an  un- 
satisfactory coal  should  be  considered  cause  for  rejection 
of  the  coal  or  for  cancellation  of  the  contract. 

For  the  purchase  of  the  domestic  sizes  of  anthracite 
coal,  the  government  has  established  a  standard  of  ash 
content  for  each  size.  Coal  containing  ash  in  excess  of 
a  maximum  limit  is  subject  to  rejection  and  to  removal 
by  the  contractor  at  no  cost  to  the  government,  or  if  used 
it  is  subject  to  a  deduction  in  price.  B.t.u.  standards  are 
not  used,  as  it  has  been  determined  that  the  heating  value 
for  the  different  sizes  is,  in  the  main,  a  function  of  the 
ash  content,  varying  inversely  and  in  proportion  with  the 
ash ;  that  is  to  say,  if  the  ash  content  is  increased,  for 
example,  1  per  cent.,  the  heating  value  is  decreased  1 
per  cent. 

The  power-plant  sizes  of  anthracite  may  be  purchased 
either  under  the  specifications  which  are  used  for  bi- 
tuminous coal,  the  bidder  guaranteeing  the  heating  value, 
ash,  moisture,  etc.,  or  under  specifications  similar  to  those 
for  domestic  sizes,  wherein  a  standard  of  ash  or  B.t.u. 
or  both  is  established. 

Sampling 

The  method  of  taking  and  preparing  samples  for  ship- 
ment to  the  lal)oratory  has  been  given  fully  as  much  care 
as  the  making  of  the  analyses  and  tests.  The  method 
employed  is  to  select  portions  from  all  parts  of  a  con- 
signment or  delivery  of  coal  and  to  systematically  reduce 
the  gross  sample,  obtained  by  mixing  these  portions,  to 
quantities  that  the  chemist  requires  for  making  ash,  and 
other  determinations,  or  that  can  be  burned  conveniently 
in  the  calorimeter,  an  apparatus  for  determining  the 
heating  value.  The  gross  sample  should  be  so  large  that 
the  chance  admixture  of  pieces  of  slate,  bone  coal,  pyrite, 
or  other  impurities  in  an  otherwise  representative  sample 
will  affect  but  slightly  the  final  results.     Increasing  the 


size  of  the  gross  sample  tends  toward  accuracy,  but  the 
possible  increase  is  limited  by  the  cost  of  collection  and 
reduction.  In  reducing  the  gross  sample  by  successive 
crushings  and  halvings  or  fractional  selections,  the  object 
is  to  procure  a  small  laboratory  sample  that,  upon  an- 
alysis, will  show  approximately  the  same  composition  as 
the  gross  sample  itself,  or,  in  fact,  as  the  entire  quantity 
of  coal  from  which  the  gross  sample  was  obtained. 

The  method  of  sampling  is  very  often  given  scant  men- 
tion in  specifications  and  contracts,  thereby  leaving  one 
of  tJic  most  important  features  determining  the  success- 
ful and  satisfactory  application  of  the  specification  meth- 
od of  the  purchase  of  coal  almost  wholly  in  the  hands  of 
the  purchaser,  tlie  seller  having  little  or  no  means  where- 
by he  can  i3xercise  a  control  of  the  manner  and  method 
of  collecting  and  preparing  samples  that  should  represent 
the  coal  furnished.  Because  of  its  importance,  govern- 
ment specifications  give  in  considerable  detail  the  meth- 
od of  sampling. 

The  best  opportunities  for  procuring  representative 
samples  are  afforded  while  the  coal  is  being  unloaded 
from  railroad  cars,  ships  and  barges,  or  while  it  is  be- 
ing dumped  from  wagons.  Samples  collected  from  the 
coal  exposed  in  piles,  bins,  barges  or  ships  can  be  con- 
sidered representative  only  under  the  condition  tluit  the 
mass  of  coal  is  homogeneous  throughout.  Such  a  condi- 
tion is  highly  uncertain  and  even  improbable,  and  the 
analysis  of  samples  collected  from  the  surface  may  give 
results  that  are  very  unreliable  as  indicating  the  nature 
of  the  entire  quantity,  and  that  may  be  worthless  as  a 
basis  for  determining  an  equitable  price  to  be  paid  for 
the  coal  because  when  sampled  in  this  manner  errors  of 
the  personal  equation  factor  are  multiplied. 

The  preparation  of  a  gross  sample  for  shipment  to  the 
laboratory  involves  three  operations:  (1)  crushing,  (2) 
mixing  and  (3)  reduction  in  quantity.  The  operations 
must  proceed  in  stages  according  to  a  prearranged  plan 
and  in  a  systematic  manner  until  a  final  sample  of  about 
3  lb.  is  obtained.  This  3-lb.  sample  should  be  placed  in 
a  container  and  sealed  air-tight  and  forwarded  to  the 
laboratory  for  analysis. 

The  advantages  of  definite  specifications  for  purchasing 
coal,  the  results  obtained  from  the  method,  together  with 
the  analyses  and  tests  of  coals  delivered  under  govern- 
ment contracts  during  the  fiscal  year  1909-10,  are  pub- 
lished in  Bureau  of  Mines  Bulletin  41,  "Government  Coal 
Purcha.ses  under  Specifications."  Directions  for  sampling 
and  types  of  specifications  are  given  in  Bureau  of  Mines 
Bulletin  63,  "Sampling  Coal  Deliveries  and  Types  of 
Government  Specifications  for  the  Purchase  of  Coal." 


DutieN  of  the  Marine  Ensineer — The  chief  engineer  is  held 
responsible  for  all  the  machinery  on  boarci.  Apart  from  the 
main  engines,  the  auxiliary  machinery  includes  the  following: 
Windlass  gear  for  heaving  the  anchor,  capstans,  warping  en- 
gines, winches  and  steering  gear,  refrigerating  and  condens- 
ing plant,  air  circulating,  feed,  fresh  water,  sanitary  and 
other  pumps,  and  miles  of  piping  of  all  sizes.  The  electi'ic 
plant  alone  is  capable  of  supplying  power  sufficient  for  a 
town  of  20,000  inhabitants.  Pans  supplying  air  to  the  differ- 
ent parts  of  a  ship  (or  ventilating  purposes  are  aU  motor- 
driven,  and  the  air  being  regulated  in  temperature  before  en- 
tering the  compartment,  serves  the  double  purpose  of  being 
used  for  both  heat  and  ventilation.  This  system  also  comes 
under  the  chief  engineer's  care.  There  are  over  SO  auxiliary 
engines  on  board  some  boats,  besides  an  extensive  plant  in 
connection  with  the  water-tight  doors,  controlled  from  the 
bridge.  All  water-tight  doors  can  be  closed  in  an  instant  in 
case   of  accident. — "Marine   Review." 
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Record  of  Pasadena's  Municipal  Plant 


SYNOPSIS — With  a  giaduated  rate  of  ■'>  to  -Ir.  for  light- 
ing and  Jf  to  1.2c.  for  poiver  the  plant  earned  8.18  per 
cent,  with  an  annual  output  sold  of  3,154,883  kw.-hr. 
Basing  the  saving  over  the  old  rates  before  municipal 
oivnership,  the  plant  has  paid  for  itself  in  five  years. 

lu  1907,  Pasadena,  Calif.,  iiisialled  a  municipal  jilanl 
which  has  been  remarkably  successful  and  has  furnished 
current  for  power  and  lighting  at  e.xceptionally  low  rates. 
Annual  reports  have  been  issued  from  the  time  of  its 
inception,  and  some  of  these  have  been  given  space  in 
Power.  The  sixth  annual  report  for  the  year  ending 
June  30,  1913,  is  now  available,  and  gives  some  very  in- 
teresting data  on  operating  records  and  costs. 

It  will  perhaps  be  well  to  enumerate  the  equipment  of 
the  plant  before  giving  a  summary  of  the  operating  rec- 
ords. The  iJlant  has  been  equipped  with  1100  hp.  in  boil- 
ers of  the  B.  &  W.  and  Stirling  types,  and  a  new  400- 
hp.  boiler  is  now  being  installed.  There  are  2000  hp.  iu 
cross-compound  condensing  engines,  and  2000  hp.  of 
Parsons  steam  turbine,  making  a  total  generating  capac- 
ity of  -tOOO  hp.  The  number  of  service  connections  totals 
6556,  and  the  idle  service  connections  1779.  The  total 
connected  three-phase  motor  load  is  2036  hp.,  and  besides 
there  are  326  hp.  in  single-phase  motors,  so  that  the  total 
power  load  is  2362  hp.  The  street-lighting  system  con- 
sists of  278  inclosed  arc  lamps,  3259  tungsten  lamps  of 
various  ratings,  and  222  ornamental  lights.  The  area  of 
the  city  is  11.2  square  miles,  and  there  are  150  miles  of 
streets. 

According  to  the  financial  data  given  in  the  report,  the 
undepreciated  value  of  the  plant  is  $608,028.04.  The 
net  value  of  the  plant  depreciated  is  $504,564.98,  and 
adding  to  this  the  cash  on  hand,  accounts  receivable,  and 
the  inventory  of  construction  material  and  supplies  on 
hand,  makes  the  total  asset  value  of  the  plant  $541,400.35. 

From  the  output  report,  it  will  be  noted  that  the  total 
current  generated  amounted  to  4,022,230  kw.-hr.  The 
manufacturing  cost  of  all  current  generated  amounted  to 
$0.00916,  the  distribution  cost  $0.00826,  the  interest 
$0.00516,  and  the  depreciation  $0.00610,  making  a  total 
of  $0.02868  per  kw.-hr.  On  the  basis  of  current  sold, 
the  total  cost  per  kilowatt-hour  increases  to  $0.03656. 

OUTPUT  REPORT 
Output  in  Kw.-hr.  for  Year  Endini;  .Tune  30.  1913 

Receipts 
Street  Lighting  Kw.-hr.  Receipts      per  Kw.-hr. 

Clu.sters  and  alleys 216,090         S7.249.93        $0.0.3335 

Arcs  and  series  tungstens 654.750         38.462.00  0.0.5874 

870,840       S45.711.93  0.0.5249 

Commercial  System 

Lighting  (including  city  bldg.) 1..557,999       $74,1.38.80  0.04739 

Power.    726,044         19,038.68  0.O2B22 

2.2S4.043       S93.177.4S  0.04079 

Total  sold 3,1.54,883       138,889.41  0.04402 

Lighting  at  plant 21,229 

lighting  at  stockroom  and  office II  ,777 

Testing  lamps 715 

36.721 
Light  loss,  or  unaccounted  for  current  .        830,626 

Total  current  generated 4.022.230 

Received  for  all  current  generated $0 .  03453 

Received  for  all  current  sold 0 .  04402 


*From  sixth  annual  report  of  Pasadena's  Municipal  Light- 
ing Works  Department,  by  C.  W.  Koiner,  electrical  engineer 
and    general    manager. 


Mlg.             Dist.              Int.  Dep.           Total 
Cost  of  all  current  gen- 
erated       $0.00916     $0  00826     $0.00516  $0  00610     SO  02S68 

Cost  of  all  current  sold .        0.01108       0  010.M       0.00657  0  00777       0.03650 

Kw.-hr.  per  bbl.  of  oil 13185 

Efficiency  of  distributing  system,  per  cent 78.44 

Load  factor,  as  per  peak  load,  per  cent 28 .  69 

Load  factor,  total  for  amount  of  machinery,  per  cent. ,  13,05 

Revenue  per  kw.  station  capacity S45 .  .54 

The  operation  account  includes  earnings  and  expendi- 
tures. The  accompanying  summary  will  no  doubt  be  of 
interest. 

OPER.\TION  ACCOUNT 


Street  lighting 

Commercial  light  and  powe 


I'xpenditures 
Manufacturing: 

Fuel  oil 

Lubricants 

Wages  at  station 

Water  at  station 

Miscellaneous  manufacturing  supplier 

Repairs  to  building 

Repairs  to  steam  equipment - 

Repairs  to  electric  equipment 


1912-13  1911-12 

$45,711.93  $40,714.45 

93.177.48  82.770  66 


1.176.63 

7.306.86 

33 .  35 

S82.39 

182.07 

3,807.31 

453.80 


1.3.39.74 
7.040  93 

148.95 
1,727  90 

356.16 
2,852.13 

440  .>! 


Total  manufacturing  cost  for  ye: 
Total  distribution  cost  for  year. 
Total  general  cost  for  year 


836,840.82  $36,277.72 

$17,148.30  $13,746.83 

$16,084.33  $13,675.75 


Total $70,073.45  $63,700.30 

At  the  time  of  the  inauguration  of  the  plant,  a  base 
rate  of  12i4c-  per  kw.-hr.  was  charged  for  the  first  666 
kw.-hr.  While  this  rate  was  lowered  to  meet  the  8c.  rate 
established  by  the  city  for  current  supplied  to  its  muuiii- 
pal  plants,  the  12V2C.  base  rate  continued  iu  force  in 
various  other  southern  California  cities  supplied  by  th'- 
company  in  competition  with  the  city  of  Pasadena.  Ulti- 
mately, the  base  rate  in  some  of  the  various  other  cities 
was  reduced  to  lOc,  until  Jan.  1,  1913,  when  a  base  rate 
of  8e.  was  established.  Iu  all  probability,  however,  if  it 
had  not  been  for  the  example  set  by  the  people's  plant  in 
Pasadena,  the  other  southern  California  cities  would  not 
now  be  enjoying  an  8c.  base  rate.  The  facts  are  that 
the  difference  between  the  8c.  rate  charged  in  these  othir 
cities  and  the  5c.  rate  charged  by  Pasadena's  municijia! 
lighting  plant  shows  that  there  is  a  difference  of  37 1 - 
per  cent,  in  favor  of  municipal  ownership,  as  agaiii.'^t 
regulation.  Or,  to  put  it  in  another  way,  the  consumers 
in  other  cities,  outside  of  Los  Angeles,  pay  60  per  cent. 
more  than  the  consumers  of  the  Pasadena  municiiial 
plant. 

Pasadena  claims  a  saving  of  not  less  than  $408.0(ni 
from  Oct.  1,  1908,  to  June  30,  1912,  as  a  result  of  tlv 
establishment  of  its  light  and  power  works.  To  tin- 
should  be  added  the  saving  resulting  for  the  year  endinu 
June  30,  1913,  which,  if  compared  on  the  same  basis  ni 
the  old  rate,  would  be  not  less  than  $223,625.96,  and  if 
figured  at  a  maximum  rate  of  10c.  for  six  months,  and  .1 
maximum  base  rate  of  8c.  for  six  months,  according  to 
the  rates  paid  by  some  of  the  other  southern  California 
cities,  the  saving  would  be  not  less  than  $149,083. '-'i; 
making  a  grand  total,  when  figured  in  the  first  way.  ' 
$631,625.96,  and  when  figured  in  the  second  way,  if 
$557,083.96. 

There  has  been  a  great  saving  in  the  cost  of  strei't 
lighting  as  compared  to  the  rates  formerly  paid  by  tii'' 
city  to  the  competitor  of  the  municipal  plant.  Street  ai' 
lamps  now  cost  23  per  cent,  less;  incandescent  str(  ■ 
lighting,  40  per  cent,  less,  and  ornamental  cluster  light- 
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ing  at  least  20  per  cent,  less  than  formerly  paid.  At  the 
time  the  city  began  lighting  its  streets  it  had  only  the 
benefit  of  50,000  ep.  for  street  lighting,  for  which  it  paid 
$15,808.40.  At  the  present  time  the  city  has  267,500 
cp.,  or  41/5  times  more  light,  for  which  the  city  paid  the 
pasl  year  $45,711.93.  Another  great  advantage  that 
jmust  not  be  overlooked  in  making  this  comparison  is  that 
the  service  rendered  for  street  illumination  is  far  superior 
to  anything  the  city  had  before  it  began  illuminating  its 
Istreets  from  its  municipal  plant.  From  the  above,  it  is 
plainly  evident  that  Pasadena,  i)y  reason  of  the  difference 
lin  electric  rates,  has  saved  sufficient  during  the  last  iive 
years  to  pay  for  the  entire  plant. 

Details  of  the  rates  for  lighting  and  power  will  no 
Idoubt  be  of  interest,  and  are  therefore  included  in  the 
tfollowing : 

SCHEDULE     OF    LIGHTING     AND     POWER     RATES 
Street   Lightins 
Arc-    lamps,    6.6    amp..    $60    per    annum. 

40   cp.   tungsten,    6.6    amp.,    .$12    per    annum. 

80   cp.   tungstens,    6.6    amp.,    $24    per    annum. 
250   cp.    tungsten,    6.6    amp.,    $48    per   annum. 
350  cp.    tungsten,    6.6    amp.,    $60    per    annum. 
Cluster   posts,    3c.   per   kw.-hr.,    plus    lamp    renewals. 

Incandescent   Lighting 
Class    A^The    first    100    kw-hr.,    or    less,    of    energy    fur- 
nished   in    any    one    month    to    any    consumer,    5c.    per    kw.-hr. 
Class    B — The    kilowatt-hours    of   energy    furnished    in    any 
One    month    to    any    consumer    in    excess    of    100    kw.-hr.    and 
hot    exceeding    500    kw.-hr..    4VSc.    per    kw.-hr. 

Class  C — The  kilowatt-hours  of  energy  furnished  in  any 
pne  month  to  any  consumer  in  excess  of  500  kw.-hr.  and  not 
ixceeding    1000    kw.-hr.,    4c.    per    kw.-hr. 

Class    D — The    kilowatt-hours    of    energy    furnished    in    any 
one    month    to    any    consumer    in    excess    of    1000    kw.-hr. 
ot    exceeding    2000    kw.-hr.,    3V4c.    per    kw.-hr. 

Class    E — The    kilowatt-hours    of    energy    furnished    in 
me  month   to  any   consumer  over   2000   kw.-hr.,    3c.  per  kw 


and 

any 
.-hr. 


Arc    Lighting 

Class  A  Arc — The   first   100   kw.-hr.,  or  less,   of  energy  fur- 

Ished   in    any   one    month    to   any    consumer.    4.9c.   per    kw.-hr. 

Class    B    Arc — The    kilowatt-hours    of    energy    furnished    in 

ny    one    month    to    any    consumer    in    excess    of    100    kw.-hr. 

nd    not    exceeding    500    kw.-hr.,    4i^c.    per    kw.-hr. 

Class  C  Arc — The  kilowatt-hours  of  energy  furnished  in 
,ny  one  month  to  any  consumer  in  excess  of  500  kw.-hr., 
c.    per    kw.-hr. 

.  minimum  monthly  charge  of  60c.  per  meter  of  3  kw. 
papacity  or  less,  and  30c.  for  each  additional  kilowatt  of 
tneter    capacity    required,    shall    be    made    for    each    meter. 

All  energy  furnished  through  or  measured  by  a  meter 
Ijsed  for  any  incandescent  lighting  shall  be  paid  for  at  in- 
candescent  lighting    rates. 

I  All  energy  furnished  through  or  measured  by  a  meter 
ised  for  measuring  energy  used  in  arc  lighting  and  not 
or  any  incandescent  lighting,  shall  be  deemed  arc-light 
mergy. 

Upon  request  of  consumer  separate  meters  will  be  fur- 
ilshed  for  incandescent  lighting,  arc  lighting  and  power  and 
leat   purposes. 

Carbon  and  Gem  lamps  of  such  candlepower  as  the  de- 
artment  can  conveniently  carry  shall  be  furnished  free  for 
enewal    purposes    to    all    consumers. 

Power 

From  and  after  Feb.  1,  1913,  and  until  changed  by  the 
lOuncil  of  the  city  of  Pasadena,  the  rates  for  electric  energy 
urnished  by  it  for  power,  heating  or  purposes  other  than 
ighting,    shall    be    as    follows: 

Class  A  Power — The  first  100  kw.-hr.  of  energy  or 
furnished  in  any  one  month  to  any  consumer,  4c 
kw.-hr. 

Class  B  Power — The  kilowatt-hours  furnished  in  any 
pne  month  to  any  consumer  in  excess  of  100  kw.-hr.  and 
lot    exceeding    300    kw.-hr.,    2.4c.    per    kw.-hr. 

Class  C  Power — The  kilowatt-hours  of  energy  furnished 
n  any  one  month  to  any  consumer  in  excess  of  300  kw.-hr. 
ind    not    exceeding    500    kw.-hr.,    2.4c.    per    kw.-hr. 

Class  D  Power — The  kilowatt-hours  of  energy  furnished 
in  any  one  month  to  any  consumer  in  excess  of  500  kw.-hr. 
ind    not    exceeding    1000    kw.-hr.,    2c.    per    kw.-hr. 


Class  E  Power — The  kilowatt-hours  of  energy  furnished 
in  any  one  month  to  any  consumer  in  excess  of  1000  kw.-hr. 
and  not   exceeding   1500  kw.-hr.,   2c.   per  kw.-hr. 

Class  F  Power — The  kilowatt-hours  of  energy  furnished 
in  any  one  month  to  any  consumer  in  excess  of  1500  kw.-hr. 
and    not    e.xceeding    2000    kw.-hr.,    1.9c.    per    kw.-hr. 

Class  G  Power — The  l;ilowatt-hours  of  energy  furnished 
in  any  one  month  to  any  consumer  in  excess  of  2000  kw.-hr. 
and    not    exceeding    3000    liw.-hr.,    l.Sc.    per    l-:w.-hr. 

Class  H  Powei- — The  kilowatt-hours  of  energy  furnished 
in  any  one  month  to  any  consumer  over  3000  kw.-hr.,  1.2c. 
per    kw.-hr. 

A  monthly  minimum  charge  will  be  collected  for  elec- 
trical energy  of  $1  per  meter  of  1 V2  kw.  capacity  or  less 
and  $0.75  for  each  additional  kilowatt  of  meter  capacity 
required. 

» 

To  Retire  the  **Imperator"  from 
Service? 

According  to  a  German  dispatch,  "the  Hamburg-American 
Line,  in  spite  of  earlier  denials  say  that  the  boilers  of  the 
'Imperator'  have  proved  unsatisfactory,  and  that  complete  I'e- 
building  is  necessary  in  order  to  reduce  the  excessive  coal 
consumption    and    to    increase    the   speed    of   the    vessel." 

It  is  said  that  the  builders  by  their  contract  were  re- 
quired to  compensate  the  company  for  the  compulsory  retire- 
ment of  the  "Imperator"  from  service,  and  will  have  to  pay 
about   $1500   for  e\-ery   day   she  is  laid   off. 


Technology    Club  Honors  Prof.  Sweet 

The  Technulusy  Cluli.  .'^yiacuse.  N.  Y.,  On  the  occasion 
of  its  11th  annual  meeting  honored  Prof.  John  E.  Sweet,  one 
of  its  founders  and  first  president,  by  establishing  the  John 
E.   Sweet    lecture    fund. 

The  fund,  intended  as  a  permanent  testimonial  to  the 
venerable  engineer,  educator  and  inventor,  is  to  l)e  used  for 
the  maintenance  of  a  lecture  course  in  which  distinguished 
speakers  on  both  technical  and  popular  subjects  will  be 
brought  to  Syracuse  each  year.  The  first  lecture  for  1913-14 
will   be   given   about  Nov.    1. 

The  club  has  elected  the  following  officers:  President, 
James  P.  Barnes;  second  vice-president,  Glenn  D.  Holmes; 
secretary,  A.  R.  Acheson  (reelected);  treasurei-,  M.  B.  Palmer 
(reelected);  directors  for  two  yi-ars,  Arthur  J.  Briggs  and 
Harvey  N.   Smith. 

Staten  Island  Boiler  Explosion 

Six  people  were  killed  and  four  injured  by  the  explosion 
of  a  boiler  in  the  Livingston  station  of  the  Richmond  Light 
&  Railway  Co.,  Staten  Island.  N.  Y.,  about  4:30  p.m.,  Tuesday. 
Oct.  21.  The  boiler  which  exploded  was  a  Wickes  boiler  in  a 
battery  of  three  installed  in  1901.  It  was  projected  upward 
through  the  roof  almost  vertically  and  came  down  bottom 
first  in  the  Kill  Von  KuU.  Except  for  damage  to  the  brick 
work  the  other  two  boilers  in  the  same  battery  were  unin- 
jured. The  pi-essure  carried  was  ISO  lb.  The  bottom  head 
of  the  lower  drum  was  found  among  the  debris  in  the  base- 
ment and  showed  the  failure  to  have  occurred  in  almost  a 
perfect  circle  where  the  curvature  changed  to  form  the 
flange.  The  coroner  and  the  Public  Service  Commission  in- 
tend to  make  a  thorough  investigation  into  the  accident  and 
we  expect  to  be  able  to  present  further  details  in  a  subse- 
quent   issue. 

As  a  consequence  of  the  explosion  most  of  Staten  Island 
was  without  electric  light  that  night  and  only  a  tew  cars  were 
without  electric  light  that  night  and  only  a  few  cars  were 
running  such  as  could  be  operated  with  the  current  supplied 
by   the   company's   smaller  station    at    Concoid. 


De  Witt  Smith,  formerly  of  Meriden,  Conn.,  has  been  ap- 
pointed chief  engineer  of  the  plant  of  the  Trenton  &  Mercer 
County  Traction    Corporation,   Trenton.    N.   J. 

Hudson  Dickerman,  of  the  Johns-Pratt  Co..  Hartford,  Conn., 
who  had  the  misfortune  to  lose  both  hands  in  a  roller  at  the 
mill,  is  recovering,  and  hopes  to  be  on  the  road  in  the  near 
future.  Mr.  Dickerman's  host  of  friends  will  be  delighted  to 
know  that  he  will  regain   his   health  and   once  more  be  about. 
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RUDOLF   DIESEL 

I  >r.  Rudolf  Diesel,  the  German  engineer,  famous  through 
the  invention  of  the  type  of  engine  which  bears  his  name,  dis- 
appeared from  a  steamer  en  route  to  Harwich,  England,  from 
Antwerp,  on  the  night  of  Sept.  29.  His  body  was  found  in 
the  River  Scheldt,  more  than  a  week  later.  His  untimely 
death,  and  the  mysterious  circumstances  surrounding  it,  just 
at  a  time  when  his  invention  was  assured  of  success,  caused 
a  stir  throughout  the  whole  mechanical  world. 

Dr.  Diesel  was  born  of  German  parents,  in  Paris,  in  March, 
185S,  and  commenced  his  elementary  education  in  I'aris 
schools.  When  the  war  of  1870  broi^?  out,  his  parents  went 
to  England,  and  shortly  after  their  arrival  they  sent  their 
young  son  to  Augsburg.  After  courses  of  study  in  the  Augs- 
burg   technical    schools,    young    Diesel     entered     the     Munich 


De.  Eudolp  Diesel 

Technical  College,  where  he  was  graduated  in  1879,  and  be- 
came assistant  to  Prof,  von  Linde.  He  then  spent  a  short 
time  in  practical  work  at  Messrs.  Sulzer  Brothers'  works, 
Winterthur,  on  leaving  which  he  was  appointed  manager  of 
the  French  company  for  the  manufacture  in  Paris  of  the 
von   Linde   refrigerating  machinery. 

The  deceased  engineer  had  from  his  student  days  been 
engrossed  with  the  idea  of  discovering  a  prime  mover  hav- 
ing a  much  higher  thermal  efficiency  than  the  steam  engine, 
and  in  1893  he  described  in  his  book,  "Theorie  und  Konstruk- 
tion  eines  rationellen  Wiirmemotors,"  the  engine  he  had  de- 
signed. Dr.  Diesel's  theories  attracted  great  attention  in 
Germany  and  throughout  the  whole  world,  with  the 
result  that  he  was  afforded  financial  aid  by  Messrs.  Krupp 
and  the  Augsburg-Nui-emberg  Co.  for  the  construction 
of  an  engine  of  the  type  he  advocated.  The  first  Diesel  er~ 
gir.e,  a  vertical  stationary  one,  was  built  in  1893.  This  was 
on  the  four-stroke-cycle  principle,  the  piston  driving  the 
shaft  by  a  piston-rod  and  an  external  crosshead.  The  cylin- 
der was  not  water-jacketed.  A  feature  of  this  first  engine 
was  the  low  camshaft,  resulting  in  the  provision  of  lon,Er  rods 
for  operating  the  valves.  The  starting  storage-chamber  con- 
sisted of  a  wrought-iron  pipe  having  riveted  flanges;  there 
was  no  air-supply  pump,  and  the  fuel  was  injected  directly. 
This  engine  could  never  be  made  to  run.  It  was  driven  by 
outside  power,  and  at  the  first  injection  of  fuel,  as  Dr.  Diesel 
remarked,  an  explosion  occurred,  the  indicator  broke  up,  and 
pieces  from  it  nearly  killed  the  inventor.  The  occurrence 
showed,  however,  that  pure  air  could  be  compressed  to  such 
a  degree  that  it  could  ignite  the  oil  fuel. 

The    .second    engine,    built    immediately    afterward,    had    a 


water-cooled  cylinder,  and  its  camshaft  was  fitted  higher  up; 
its  main  difference,  as  compared  with  the  first,  was  in  the 
provision  of  an  air-supply  pump  for  injecting  the  oil  fuel. 
This  second  engine  did  not  run  to  any  extent,  and  its  work- 
ing was  attended  with  much  danger.  With  it,  however.  Dr. 
Diesel  was  able  to  obtain  a  few  indicator  diagrams  of  the 
whole  cycle.  This  engine  confirmed  the  practical  possibility, 
shown  by  the  first,  of  initiating  combustion  by  compressed 
air.  which  the  inventor  had  shown  to  be  theoretically  possible 

The  first  reliable  Diesel  engine,  the  third  attempt,  wao 
built  on  Diesel's  designs  by  the  Augsburg  Co.,  in  1897,  after 
the  inventor  had  carried  out  a  series  of  experiments  over  a 
period  of  four  years  with  the  second  engine.  The  third  en- 
gine was  of  the  vertical  one-cylinder  stationary  type  on  the 
four-stroke-cycle    principle,    developing    18    hp. 

In  the  years  that  followed  several  types  were  experi- 
mentally developed  and  Dr.  Diesel  continued  to  incorporate 
improvements  with  each  successive  engine.  It  might  be  said 
that  the  Diesel  principle  was  soon  found  to  be  most  applicable 
to  a  two-stroke-cycle  engine,  scavenging  being  carried  out 
with  pure  air,  and  not  with  a  fuel-air  mixture,  there  being 
thus   no    risk   of   premature    ignition   and    no   fuel   losses. 

When  last  year  Dr.  Diesel  put  before  the  profession  the 
history  of  his  engine,  he  stated  that  the  two-stroke-cycle  was 
then,  in  1912,  on  almost  an  equal  footing  with  the  four- 
stroke-cycle  type,  adding  that  this  latter  had  a  better  com- 
bustion, more  economical  fuel  consumption,  and  was  simpler 
in  its  method  of  working.  The  four-stroke-cycle,  theretorc. 
remained  the  standard  engine  for  medium-size  stationary 
plants.  The  two-stroke-cyele  engine,  on  the  other  hand,  had 
smaller  cylinders,  and  had  come  into  favor  for  stationary 
plants  of  higher  power;  this  latter  engine  seemed  also  to  be, 
according  to  Dr.  Diesel,  the  standard  type  for  ship  propul- 
sion. 

The  first  Diesel  engine  for  ship  propulsion  was  built  in 
France,  in  1903,  by  Messrs.  Adrien  Bochet  and  Frederic  Dyck- 
hoff,  in  conjunction  with  Dr.  Diesel.  The  first  marine  Diesel 
engines  were  not  reversible;  they  drove  electric  generators, 
and  this  made  it  possible  to  reverse  the  direction  of  rotation 
of  the  propeller.  The  first  direct-reversing  marine  Diesel  en- 
gine, working  on  the  two-stroke-cycle  principle,  was  built  by 
Sulzer   Brothers,   Winterthur,   in    1905. 

Many  builders  have  been  for  the  past  two  or  three  years 
contemplating  the  construction  of  Diesel  engines  of  high 
power  for  the  propulsion   of  battleships  and   cruisers. 

The  latest  application  of  the  Diesel  engine  is  for  railway 
traction  purposes,  developed  and  built  at  the  Sulzer  Bros, 
plant.  Dr.  Diesel's  patents  for  Great  Britain  were  in  the 
hands  of  the  Consolidated  Diesel  Engine  Manufacturers,  Ltd., 
with  new  works  at  Ipswich,  while  the  American  rierhts 
formed  the  basis  for  the  organization  of  the  Busch-Siil 
Bros.-Diesel  Engine  Co.,  with  new  works  in  St.  Louis,  M^ 

CHARLES    TELLIER 

Charles  Tellier,  the  inventor  of  the  cold-storage  proc  ss. 
who  was  reported  a  few  days  ago  to  be  dying  in  want,  di-  1 
on  Oct.  19,  at  the  age  of  85.  His  misery  was  relieved  by  sub- 
scriptions raised  for  him  by  the  Cold  Storage  Co.  a  short  time 
before   his   death. 

Mr.  Tellier  discovered  the  present  method  of  refrigerating 
meat  some  30  years  ago  and  celebrated  the  occasion  by  tak- 
ing a  number  of  friends  on  a  vessel  on  which  all  the  viands 
served  had  been  preserved  by  his  system.  He  built  a  num- 
ber of  works,  but  like  most  geniuses  he  never  could  save  any 
money.  He  had  one  son,  a  delicate  youth  of  22,  who  seemed 
to  be  his  whole  care. 


The  offices  of  the  New  England  Association  of  Commercial 
Engineers  have  been  moved  to  the  Equitable  Building.  fi7 
Milk   St.,   Boston,  Mass. 

At  the   regular  meeting  of  the  Louisiana   Engineering  So- 
ciety,   held   on   Monday,    Oct.    13.    in   Gibson   Hall,   Tulane  Uni-  • 
versity,   New  Orleans,   an   illustrated  paper,   "Recent   Develop- 
ments in  Evaporation,"  was  read  by  A.  L.  Webre,  engineer  of 
the   J.   H.   Murphy   Iron    Works. 

The  Detroit  Engineering  Society,  on  the  evening  of  Oct.  3,  i 
gave  a  smoker  and  new  members'  night,  at  which  40  new  ' 
members  were  admitted.  About  200  members  and  friends 
listened  to  an  informal  talk  by  R.  D.  Follett,  secretary  of  the 
Detroit  Zoological  Society  on  "The  Aesthetic  Side  of  the  Con- 
servation Problem."  It  was  illustrated  by  a  most  interesting 
series  of  colored  motion   pictures. 
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A  Question  of  Balance 


WTR.    POWER    PLANT    O  WN  ER  —  RE  FLECT    A    MOMENT! 

Is  the  scale  in  your  plant  evenly  balanced?     That  is,  in  proportion  to  what  your 
ngineer  puts  on  his  side  of  the  scale,  are  you  correspondi)igly  loading  the  other  pan? 


If  not,  your  engineer  cannot  be  satisfied,  at  least  not  for  long.  If  he  is  not 
atisfied,  then  ten  chances  to  one,  he  is  on  the  lookout  for  another  job  and  his 
accessor  may  cause  the  beam  to  tip  the  other  way  by  not  having  so  many  nor  so 
eavy  packages  to  put  into  the  pan  on  his  end. 

A  man  who  is  paid  according  to  the  number,  size  and  quality  of  the  packages 
e  delivers  will  stick  to  his  job. 

First  get  the  right  man  and  for  every  additional  weight  put  on  his  end  of  the 
leam,  add  sufficient  remuneration  to  balance  the  scale  evenly.  You  will  find 
:  excellent  economy. 

[ff^ritten  by  Everard  'Brown,   Pittsburgh,  Penn.] 
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The  25,000-Kw.  Turbine  for  Fisk  Street 


\"0/'>7.S — J)i'liiil('il  iiifonitaliuii  regarding  ////.s  iinil 
,,,..,  uccii  ixigcrlg  looked  for  eccr  since  ike  announcement 
of  llie  placing  of  the  order,  lis  great  capacity,  low  steam 
rates,  and  tlie  fact  that  is  6f  foreign  make  comtjine  to 
iiKike  it  an  otjjcct  of  engineering  cnriosilij  and  interest. 

The  25,0()0-k\\'.  turbine  wliuli  we  aiinouuccd  some  time 
MLjo  had  been  ordered  from  C.  A.  J'itrsons  Co.,  Ltd.,  by 
the  Commonwealth  Edison  Co.,  of  Chicago,  is  Ijeing 
erected  in  the  Fisk  St.  station  of  that  cqmpany  and 
should  be  ready  for  operation  early  in  the  winter.  This 
unit  mark.s  not  only  the  limit  in  capacity  for  which  a 
single  generator  has  yet  been  built  but  also  the  lowest 
guarantee  whicli  has  yet  been  offered  for  steam  rales, 
unless  the  guarantee  has  been  beaten  by  that  of  the  :50.- 
iH)i)-kw.  unit  now  being  built  l)y  the  General  Electric  Co. 
I'di-  the  Northwest  station  of  the  Commonwealth  coni- 
[laiiv. 

The  figures  foi'  the  Parsons  turbine  are : 

At   10,(K)(l-kw.    12.30  lb.  per  kw. 

15,it<tO-kw.   11.6")  lb.  per  kw. 

2(),()00-kw.  n.25  lb.  per  kw. 

2.j,000-kw.   n.65  lb.  per  k^y. 

These  figure.*  include  the  energy  necessary  for  excita- 
tion purposes,  but  do  not  include  the  energy  necessary 
for  ventilating  the  generator,  nor  for  the  condenser  or 
other  auxiliaries. 

The  steam  conditions  upon  which  this  guarantee  is 
based  are  200-lb.  gage  pressure,  200  deg.  F.  superheat 
al  the  throttle,  and  an  absolute  back  pressure  equivalent 
to  t  in.  of  mercury. 

The  I^ankine  elliciciicy,  oi-  ratio  of  wcjrk  jiroduccd  to 
that  which  would  be  ]ir(i(ln(cd  by  a  100  ju-r  cent,  engine 
working  upon  the  Pankine  cycle  between  the  given  limits 
of  pressure  and  temperature,  is  T2.4.  It  is  said  that  a 
penalty  of  £500  ($2500)  is  incurred  for  each  one-fifth 
of  a  iiound  in  excess  of  11.25  at  20.000  kw.,  and  that  an 
equal  bonus  will  be  paid  for  any  improvement  in  that 
rate. 

A  longitudinal  section  cjI'  the  unit  is  given  on  the 
jilate  herewith,  and  reproduction  of  photogra])hs  taken 
at  the  Heaton  works  of  the  Parsons  company,  at  Xew- 
castle-upon-Tyne,  England,  where  it  was  built,  are  re- 
|u'oduced  on  pages  631  and  ()3;3.  The  turbine  is  in  two  sec- 
tions, a  single-flow,  high-pressure  section  with  six  stages 
oi'  groups  of  blades,  and  a  double-flow,  low-pressure  sec- 
tion, also  with  si.x  groups  of  blading  upon  each  side  of 
the  entry. 

TlIK   IIlUH-PliKSSfKH   TriililXE 

Steam  enters  the  high-pressure  belt  A  from  below, 
through  the  ojiening  B.  The  secondary,  or  overload 
steam  belt,  is  sliown  at  C,  high-pressure  steam  being  au- 
tomatically admitted  thereto  through  the  opening  /)  when 
the  load  rises  sensibly  above  20.000  kw.  The  entry  blading 
is  2=*4  in.  in  height  and  must  pass  225,000  lb.  of  steam 
per  hour.  62.5  lb.  per  second,  at  the  guaranteed  steam 
rate  and  normal  load.  The  dual  blading  for  the  high- 
)iressure  section  is  6i/4  in.  in  height.  The  diameter  of 
tlic  entry-blade  circle  is  about  52  in.,  and  of  the  final 
blade  circle  about  72  in.,  giving  mean  blade  speeds  of 
about   170  and   235  ft.  jier  sec.  respectively  at  the  rated 


speed  of  the  turbine,  '•'>>>  r.ii.m.  'J'hoM'  of  the  blad 
wbiclrare  subjected  to  the  ;iction  of  su])erheated  stea 
are  of  coppei-;  the  remainder  of  brass.  All  are  heavl 
at  the  base  than  al  the  lip.  and  are  la.shed  l)y  silvl 
soldered  binding  strii)s.  Three  dummy  jiistons  E,  F,l 
are  used  to  iialance  the  end  thrust,  equalizing  ])ii)es  j 
and  /,  connecting  the  eliambers  /(/('  and  u'',  while 
pi]ie  •/  transmits  the  outlet  ])ressure  in  the  chambeii 
to  the  .space  j'  back  of  the  largest  dummy. 

The  casing  is  four-parted  with  one  horizontal  divi 
in  the  plane  of  the  axis  and  a  vertical  division  betw^ 
the  fourth  and  fifth  rows  of  blading.     The  high-press^ 
eml  is  of  cast  steel,  the  icinainder  of  cast  iron. 

The  two  smaller  dunimies  7^'  and  /•'  and  the  hig 
pressure  end  of  the  main  shaft  A'  are  integral  with 
drum  and  of  forged  steel,  specified  to  have  an  ultim^ 
tensile  strength  of  35  to  4o  tons  per  square  inch,  and; 
elongation  of  20  jiei-  cent.  At  the  exhaust  end  the  dr 
is  shrunk  on  ami  boiled  to  the  enlarged  end  of  a  s^ 
arate  length  of  shaft  L  of  the  same  material. 

There  are  in  the  six  groups  of  high-pressure  bladil 
64  rows  of  moving  blades,  and  steam  in  passing  throu| 
them  is  expanded  to  a  pressure  of  about  25  lb.  absolii 
under  normal  conditions,  which  would  make  this  scctii 
develop  quite  some  less  than  one-half  the  total  load. 

ThI'   Tj()w-Pi;i;sst  i;i-:  Tfitiaxt: 

From  the  exhau.st  belt  M  of  the  high-pressure  secHeii 
steam  passes  by  two  30-in.  jiipes  to  the  central  steam 
A'  of  the  low-jiressure  section,  where  it  divides,  pa- 
thnuigh    the   blading    in    iiolli    dii-eitions   to   the   exli 
chambers  /'/'.     The  blading  ranges   fi-om  2%  in.  ai 
entry  to  !!•  in.  al  the  discharge.  The  mean  diametci 
the  blade  circles  arc  about  87  and  103  in.,  giving  a\e:    ^ 
blade  velocities  of  2S5   and  337   ft.  per  sec.     The   1'  «- 
pressure  section  has  24  rows  of  moving  blades  on  endi 
side  of  the  center.    The  drum  is  of  uniform  diameter  ami 
is  attached  to  the  shaft  through  connections  which  allnu 
their  relative  jjosition  to  vary  under  differences  of  tem- 
perature  without   affecting  the   register  of  the   i)ladiiiir. 
The  central   s])ider  (J  stiffens  and  .supports  the  drnni    i' 
the  point  where  the  radial  clearance  on   account   ei 
shortness  of  the  blades  must  be  kept  at  a  niininnini. 
stability  and  maintained  precision  are  of  particulai    mi- 
porfance.     The  casing  of  the  low-pressure  section   l^  ef 
cast  iron  throtighoiit  and  weighs  about   150  tons.      i'ii' 
bottotn  portion   is  b\iilt  in  four,  the  top  in  two  secthi-. 
as  the   drawing    indicates.     The  standard   Par.sons    lew- 
pressure  gland   is  used  on  both  ends,  sealed  with  steam 
exhausted  from  the  governor  relay.     The  final  blades  dis- 
charge the  steam  practically  into  the  condenser  itself. 

Thf:  CoxRi:.vsF.it 

The  condenser  shell,  which  is  suspended  from  the  bot- 
tom of  the  turbine  so  that  it  forms  iiractically  a  con- 
tinuation of  the  turbine  case,  is  built  of  steel  plate  ex- 
ternally stift'ened  by  bulb  irons  or  deck  beams  so  as  to 
)iresent  no  unnecessary  ol)struction  to  the  movement  of 
the  steam  within.  The  tube-supporting  plates  aiid  water 
ends  arc  of  cast  iron  :  the  tube  ])lates  and  tubes  of  brass. 
The   tubes  are   1    in.   in   diameter.   16    R.w.g.   and    15  ft. 
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mg,  arranged  in  two  groups  for  two  %Yater  passes.  The 
ilrance  orifice  is  69x26  in.,  and  the  discharge  pipe  48 
1.  in  diameter.  The  rectangular  opening  wliere  the 
Dudenser  slieJl  joins  the  turhine  case  is  12x31  ft.,  giving 
section  of  2.'58  sq.ft.  .Mhiwing  that  30  per  cent,  of  ihc 
:eani  is  condensed  hy  Ihc  coiivci'sion  of  its  heat  into 
ork,  this  passage  will  li:i\c  In  pass  at  imrinal  load  2,lo().- 
00  cu.ft.  per  min.,  which  means  an  a\erage  velocity  of 
early  8500  ft.  The  greater  pari  (if  the  weight  of  the 
jndenser  and  its  contents  is  carried  upon  springs,  of 
hich  there  are  eight,  placed  upon  beams  set  into  the 
jncrete  foundation,  as  slmwn  at  h'U.  The  condenser 
mtains  39,.3O0  .sq.l't.  (H  tidic  surface,  heing  1.965  sipl't. 
er  kw.  at  the  normal,  and  1.57  s(|.ft.  at  the  maximnni 
iting.     Jn  addition  to  the  main  ciunlenser,  a  I'eed-water 


FiC.     I.      KrXE-MATIC    E.TECTOI! 

3ater  section  is  tn  he  huilt  in  the  steam  entrance  into 
le  condenser  and  to  contain    17(1  sq.ft.  of  surface. 

The  equipment  of  pumps  tn  lie  used  for  condcn.ser 
.ixiliaries  and  f(n'  otiiei-  piii-jnises  in  cdiincetidn  witli 
lis  unit,  is  being  fnrnishcd  hy  Henry  R.  Worthingldii, 
id  consists  of: 

One  horizontal  tri-rotur.  \(iliite.  mutor-driven  centril'u- 
\\  ]nimp  for  circulating  water,  having  a  capacity  of  42,- 
)0  (U.  S.)  gal.  per  min. 

One  horizontal.  t\vi]-stag<',  motor-driven,  centrifugal 
itwell  puni]),  ha\"ing  a  capacity  (4'  750  gal.  i)er  min. 

One  horizontal,  centrifugal,  motor-driven  pump,  for 
;e  with  the  kinetic  injector,  having  a  capacity  of  4000 
il.  per  min. 

Two  horizontal,  centrifugal,  motor-driven,  surface 
.imps,  having  a  capacity  of  300  gal.  ]ier  min.  each. 

One  turbine-driven  and  one  motor-driven  type  cen- 
ifugal  boiler-feed  ]ninii).  liaving  a  capacity  of  750  gal. 
M'  mill.  each. 

The  motor-driven  auxiliai'ics  are  equiiiped  with  squir- 
t-cage induction  motors. 

In  place  of  the  usual  air  puni]),  a  kinetic  ejector,  fur- 
shed  by  Eichardsons  Westgarth  &  Co.,  of  West  Hartle- 
lol,  England,  is  used.  This  ejector  is  shown  diagrani- 
atically  in  Fig.  1.  The  discharge  from  the  hotwell  pump 
3WS  through  the  chamber  .4.  discharging  therefrom 
irough  the  flanged  outlet  C.  An  ordinary  centrifugal 
imp  B  draws  a  portion  of  this  condensate  from  the 
nk  A  and  returns  it  to  the  spray  nozzles  D.  The  air 
om  the  condenser  is  pushed  into  the  eliamber  E  hy  a 
earn  jet,  as  will  be  seen  upon  the  large  plate,  where  the 
ector  is  shown  in  a  somewhat  different  form  from  this 


diagrammatic  presentation.  The  air  and  condensable 
vapors  are  carried  along  by  the  water  jets  which  issue 
under  pressure  of  some  10  lb.;  the  vapor  is  largely  con- 
densed and  the  air  caught  in  the  air  pipe  G  is  carrietl 
above  the  water  level  and  discharged  through  the  vent, 
avoiding  the  aerating  of  the  feed  water,  while  the  lu'ai 
from  the  steam  jets  and  the  condensed  vapor  is  returniMJ 
to  the  boiler  with  the  condensate. 

In  the  ejector,  as  actually  ajiplied  to  the  turbine,  ajid 
shown  in  the  birgc  plate,  the  kinetic  taidc  consists  of 
tlii'ce  sections;  the  niiildle  section  constitutes  the  kinetic 
tank  proper,  wbii'h  has  just  been  (les<-ribe(l.  in  addition 
to  which  there  is  a  lank  on  one  side  wliieli  performs  the 
fuiu'tion  of  the  feed-watei-  heater,  ami  on  the  other  side 
IS  a  hotwell  from  wliieb  iln'  \'vfi\  pumps  take  their  suc- 
tion. The  latter  is  provided  with  a  tioat  connected  to  the 
makeup  water  supply,  "which  maintains  an  adequate  sup- 
ply for  the  feed  pumps.  The  kinetic  tank  ])roper  has  an 
outside  chandler  into  whic  h  the  water  overflows  from  tla; 
central  chandler,  in  wlii(h  the  nozzles  are  arranged  in 
annular  form,  passing  tlirough  a  number  of  copper 
strainers,  the  water  flows  from  this  section  to  the  feed- 
water  heater,  where  it  is  heated  by  a  number  of  steam 
jets  which  are  supplied  with  .steam  from  the  connection 
between  the  high-  and  low-pressure  cylinders  on  the  t>ir- 
bine,  or  from  the  steam-driven  boiler-feed  pump.  The 
feeder  section  is  connected  with  the  hotwell  by  a  passage 
running  through  the  bottom  part  of  the  kinetic  tank. 

Should  the  supply  of  water  in  the  hotwell  tank 
more,  temporarily,  than  the  demand  of  the  boiler-feed 
pumps,  the  excess  will  pass  out  through  the  overflow  pipe, 
which  runs  into  a  large  reservoir,  located  liclow  the  level 
of  the  basement  floor.  The  u.<e  of  this  reservoir  serve 
to  save  the  pure  water  of  condensation,  which  would 
otherwise  be  waisted.  When  the  supply  in  the  hotwe4 
becomes  deficient,  a  float  valve  serves  to  establish  a  con- 
nection from  the  reservoir  into  the  condenser,  thus  fur- 
nishing the  necessary  makeup  water.  An  additional  float 
vahe  in  the  large  reservoir  serves  to  maintain  the  level 
at  a  predetermined  height  and  adnnts  w-iter  from  the 
filtered-water  .system  in  the  station.  The  two  turbine 
sections  are  connected  through  a  rigidly  bolted  coupling 
S.  Between  the  low-pressure  turbine  and  the  generator 
is  a  flexible  claw  coupling  T,  which  is  fitted  with  a  worm 
pinion  through  whicdi  the  turbines  may  be  turned  by  an 
electric  motor  when  they  arc  open  for  in.spection.  The 
longitudinal  expansion  is  provided  for  by  allowing  the 
foot  of  the  turbine  at  the  high-pressure  end  to  rest  freely 
on  the  pedestal  between  slipper  side  guides.  Each  tur- 
bine and  the  generator  stands  between  its  own  ]iair  of 
bearings,  making  six  bearings  in  all.  The  overall  length  is 
76  ft.  2  in.  The  greatest  width  is  19  it.  The  height  from 
the  base  of  the  condenser  to  the  highest  ])art  of  the  tur- 
bine is  30  ft.,  of  which  onlv  10  ft.  is  above  the  floor 
level. 

The  steam-admission  valves,  tlie  steam-governor  valves, 
the  emergency  and  by])ass  valves,  and  the  chests  contain- 
iui,'-  them,  are  steel  castings  which  liaAc  been  used  wher- 
ever the  part  came  in  contact  with  superheated  steam, 
and,  like  the  cast-steel  portion  of  the  turbine  casing, 
were  annealed  before  and  after  rough  machining.  This  i 
portion  of  the  turbine  is  of  the  standard  Parsons  design, 
with  separate  emergency  and  regulating  governors,  the 
latter  being  controllable  from  the  switchboard.  It 
specified  that  the  regulating  governor  shall  not  allow  the ' 
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'.lail  lo  varj'  iiinro  than  3  per  cent,  between  no  load,  ami 
.'•"). 0(10  l\\v.,  with  a  niomcutary  variation  of  not  more  than 
■"'  per  cent.  In  addition  to  the  two  governors  mentioned. 
.1  safety  governor  is  attached  to  the  end  of  the  higli- 
lu'cssure  turbine  shaft  independent  of  the  main  governors, 
:md  ca]iai)le  of  being  tripped  by  hand  from  the  engine- 
iloor  U'vi'l.  A  steam  ivsetting  gear  is  ]ii'ovided  for  this 
valve. 

W'c  are  indebted  for  permission  to  actpiaint  <uii-  rc.-id- 
ci's  with  the  details  of  this  remarkable  machine  to  Samuel 
Insiill.  ]iresident  of  the  Commonwealth  company,  and  ("V 
access  to  the  drawings  and  information  to  Sargent  & 
Lnndy.  of  Chicago,  consnlting  engineers  to  the  comjiany. 


Improved   Pen  for   Chart-Recording 
Instruments 

The  i-bart  ri'cnrds  frdin  rcrording  water  or  steam 
meters  and  jjressnre  gages,  wliii-h  are  usually  ]ilaced  on 
permanent  file,  form  an  increasingly  imjiortant  ])art  of 
the  daily  history  of  the  plant's  |)erforniance.  Often,  Ikiw- 
ever,  the  line  drawn  is  very  broad  and  sometimes  lilotched 
or  spotted,  making  tlie  diagram  unsightly  and  ilinicnll  to 
read,  or  to  integrate  accurately,  especially  if  the  rur\e  is 
somewhat  irregular;  sometimes,  soon  after  the  pen  has 
been  filled,  the  chart  acts  as  a  blotter  .^ojiking  u]>  I  lie  en- 
tire tilling  in  one  hnsre  blot.     These  faults  mav  he  traced 


q 


Fig.  1 


Fig.  -3 
Dktails  or   1'kx 


Fi(.. 


to  the  use  of  poor  quality  ink,  or  of  improper  consistency, 
but  more  frequently  to  defects  in  the  pen  which  trai-es 
the  line. 

■  The  pen  shown  in  cross-see-tion  in  Fig.  1  was  designed 
to  avoid  pen  troubles.  The  general  sliape  is  that  of  a 
cylinder,  about  ^.'a  in.  in  diameter  and  of  the  same  height. 
This  pen  depends  for  its  action  on  two  principles:  Ca]iii- 
lary  attraction  and  the  inverted  siphon.  It  is  made  in 
two  parts,  both  of  bronze:  the  outer  shell  and  the  inner 
])artition  to  which  tlie  cap  or  cover  of  the  pen  is  joined. 
The  inner  dividing  wnW  descends  to  within  ^/\.^  in.  of  tiie 
bdttdiu  iif  the  iidv  reservoir.  Two  concentric  chambers 
are  thereby  formed,  the  iinier  being  open  and  the  outer 
co\ered  by  the  cap.  The  edge  of  the  latter  is  knurled  so 
that  it  may  ])e  easily  grasped  with  the  fingers  wlien  it  is 
desired  to  take  out  the  inner  shell  for  the  ]>urpose  of 
starting  or  cleaning  the  pen. 

A  short  piece  of  bronze  tidiing.  not  over  ^^  in.  in 
length,  nicely  smoothed  and  rounded  at  the  end.  forms 
the  ]ien  point  proper.  The  short  length  is  found  to  lie  of 
advantage:  long  tubes  clog  easily  and  after  their  interior 
is  caked  with  ink.  cleaning  is  next  to  impossible. 

The  method  of  fastening  the  pen  to  its  holder  is  il- 


lu-i rated  liy  Figs.  2  and  3.  The  end  of  the  pen  arm  tei 
minates  in  a  spring  fork  which  is  inserted  in  a  slioat 
at  the  back  of  the  i)en.  This  method  of  fastening  hold 
the  pen  rigidly  and.  since  no  solder  is  used  to  make  tli 
joint,  the  pen  may  be  easily  removed  fi-oni  the  arm  wliei 
ever  ilcsircd. 

When  starting,  the  cover  of  the  pen  is  renjoved  ami  th 
rcsci'xoir  filled  with  ink  to  about  three-quarters  of  i| 
depth  (it  is  not  necessary  to  have  the  inlet  of  Ibc  tul 
subnierged  when  starting).  The  ca|i  is  then  icphHcd  an 
brought  home  by  a  slight  ju'cssure  on  the  toji,  kcepin 
the  opening  covered  by  the  ihiunb.  The  slight  air  |)r(>i 
sure  thus  brought  into  action  on  the  surface  of  ibe  in 
in  the  reservoir  is  sufficient  to  force  a  small  a  mom 
tbruugh  the  tube  which  forms  the  pen  point. 

l-"ig.    I    shows  a  chart   made  by  the  first  pen   u>c  ' 
\  eniuri   meter  type  M   register-imlicator-recordei . 
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uring  boiler  feed  water.  S 
a  single  filling  of  the  pen. 
The  level  of  ink  in  the 
I'cmoving  the  cap.  It  has 
tubular  point  of  the  pen  wi 
reservoir  until  the  level 
when  the  siphon  "breaks 
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len   IS   always   \isili|c   witho 

been    found   l)y   test    thai   t 

draw  the  iid<  fiom  the  out 

lro]is    below    the    middle    .sh' 

If  the  pen   is  refilled   lieff 


the  ''breaking  ])oint"  is  reached,  the  feeding  is  coninni; 
without  pause  and  it  is  unecessary  to  remove  (he  <ap 
start  the  pen.     The  .short  tube  is  easily  cleaned  by 
ing  it  with  a  fine  wire. 

The  pen.  which  is  made  by  the  Builders  lion  Foinid 
rrovidence.  It.  I.,  will  .soon  he  furnished  with  all  of  tin 
^  entuii  meter-recording  instruments.  The  pens  may 
procured,  however,  for  u.se  with  almost  any  type  of 
cording  instnnnent  and  are  easily  ajiplied.  Roth  pvn  a 
]icn  arm  are  finished  in  heavy  nickel-plating. 
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A  HIGH-PRESSURE  STEAM  BELT 

C  SECONDARY  OR  OVERLOAD  STEAM  BELT 

E.F.G  DUMMY  PISTONS 

H.I.J  PRESSURE   EQUALIZING   PIPES 

K  HIGH-PRESSURE  END  OF  MAIN  SHAFT 

U  EXHAUST  END  OF  HIGH-PRESSURE  DRUM 

M  EXHAUST  BELT  HIGH-PRESSURE  SECTION 

N  ENTERING  STEAM  BELT  LOW-PRESSURE  SECTION 

P  LOW-PRESSURE  EXHAUST  CHAMBER 

q  CENTRALSUPPORT  FOR  LOW-PRESSURE  DRUM 

R  SUPPORTING  SPRINGS  FOR  CONDENSER 

S  RIGID  COUPLING  BETWEEN  TURBINES 

T  FLEXIBLE  =^A«  COUPLING  BETWEEN  TURBINE  A,p  GENERATOR 
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Boiler  Attachments — IV 


By  J.  E.  TicifMAx 


^YNOPSIS — Fusible  plugs  an'  slioini  lo  be  a  tJisaiJran' 
\ge  iinle&'s  properly  placed  and  cared  for.  Soiiwlhliig 
I  said  regarding  hand  flop  calces,  also  automalu-  back- 
<-essure  valves,  the'r  pusitioii  in  I  lie  pipe  line  and  how 
combination   of  both    is  ddcisablv.     , 

A  fusible  plug,  like  any  othOr  antoinatic  device,  requires 
little  intelligent  attention  at  stated  intervals,  in  order 
at  it  may  l)e  of  service  avIicii  n'(|iiire(l.  The  iilling  of  a 
sible  Jilug  should  lie  I'enioNed  :il  least  uiiee  every  year 
id  pure  tin  should  only  be  used  lor  relilllug.  A  fusible 
ug  should  be  examined  oiue  a  month,  and  both  the 
rfaces  exposed  to  the  gases  and  to  the  water  should 
scraped  clean.  On  many  ty])es  of  boilers  a  fusible 
ng  is  of  doubtful  -utility,  and  cm  some  its  use  is  detri- 
ental.  For  example,  on  the  vertical  tubular  tyjje  of 
iler  the  fusible  ]ilug  is  necessarily  placed  in  one  of 
e  tubes,  and  it  is  very  difficult  to  make  the  joint  bc- 
'eeu  the  tube  and  plug  tight.  The  plug  after  being 
rewed  in  place  usually  projects  into  the  tube  such  a 
stance  that  it  is  impossible  to  pass  a  brush  or  scraper 
rough  it,  eonsequeiilly,  the  tube  gradually  fills  up  with 
ot  and  scale  until  it  is  completely  stopped.  If  no 
s  from  the  furnace  ]»asses  through  the  tube,  of  course, 
e  fusible  plug  is  useless  and  the  only  result  is  the 
5S  of  the  use  of  the  tulie  for  gericrating  steam. 
The  usual  loealinn  f(ir  a  fusible  jilug  in  a  horizontal, 
turn-tubular  bdiler  is  in  the  rear  bead  about  two  to 
o  and  A  half  inches  above  the  tops  of  the  top  tubes, 
:d  this  is  aliout  the  only  place  that  it  can  be  success- 
lly  applied.  One  of  the  troubles  connected  with  the 
e  of  fusible  plugs,  is,  that  when  a  plug  burns  out  it 
jxiires  the  closing  down  of  the  boiler  to  renew  it;  after 
<e  or  two  experiences  of  this  kind,  it  seems  hard  for 
1 3  a\erage  boiler  attendant  to  resist  the  temptation  to 
)lace  it  with  a  solid  plug.  On  the  Idconuitive-type 
iler,  the  fusible  plug  should  lie  placed  in  the  ci'own 
set  and  project  about  an  inch  abo\c  the  top  of  the 
eet.  The  fusible  plug  is  probaldy  nmre  enicient  as  a 
■v-water  alarm  on  the  locomotive-type  Imilei'  llian  on 
y  other.  For  water-tube  boilers,  Ibe  fusiliK^  ]ilug 
auld  be  placed  at  the  lowest  safe  water  liiii'  and  at 
nearest  point  tn  tlu'  furnace  in  the  direct  ])ath  of 
3  gases  from  the  fuel  bed.  The  fusible  plug  may  be 
Qsidered  an  antiquated  type  of  low-w  atei'  alarm  and 
functions  are  much  Ijetter  and  more  economically 
rformed  by  more  modern  appliances,  which  can  be 
ded  to  ascertain  if  they  arc  in  working  order  or  not, 
thout  actually  having  low  water  in  the  boiler. 

Stop  Valvi:s 

The  stop  valve  is  an  important  part  of  the  boi'er  equip- 
■nt  and  not  only  must  it  be  of  good  construction,  but 
must  be  properly  located,  if  it  is  to  give  satisfactory 
•vice.  In  geiieral,  a  stop  valve,  should  be  located  as 
ar  the  boiler  as  possible,  so  that  the  steam  may  lie  cut 
should  any  defect  occur  in  the  piping.  Another  fea- 
re  that  sometimes  makes  it  desirable  to  locate  the  sto]) 
five  near  the  boiler,  is  that,  when  long  connecting 
bes  are  used  between  the  boilers  and  a  steam  header 


serving  a  number  of  l)oilers,  if  the  stop  valves  are  not 
located  near  the  bodei's,  severe  strains  may  he  protlueed 
in  the  piping  due  to  the  contraction  of  the  pijies  con- 
necti'd  to  idle  boilers,  should  the  stop  valves  be  located 
near  tln'   header. 

Another  requirement,  the  most  important  of  all,  in  re- 
gard to  the  location  of  the  stop  valve,  is  that  it  should 
be  so  placed  that  no  water  of  condensation  can  stand 
in  the  ])ipe  wlu'U  the  valve  is  closed.  Failure  to  observe 
this  jiecessaiy  jiiecautiou  for  safety  has  often  resulted 
in  the  loss  of  life  or  the  serious  injury  of  those  in  charge, 
due  to  the  breaking  of  fittings  or  pipes  from  water- 
liannner  action  ;  such  accidents  have  also  at  times  led  to 
the  ex]ilosion  of  the  boiler  itself.  Fig.  21  illustrates  a 
bad  arrangement  in  this  resjject,  that  is  froquen'ly  met 
with  in  practice.  The  dotted  lines  show  two  positions 
for  the  header  that  would  remedy  the  defect.  If  the 
conditions  are  such  that  tlu-  stop  valve  can  not  possibly 
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be  liicaled  ^(l  thai  llie  c(inilense(|  sleani  will  drain  back 
iiild  the  pipe  line,  then  a  bleeder  (if  ample  size  sliiiubl 
be  ]ii'o\i(led  and  bicaicil  se  thai  it  will  ili'aili  llie  ]iiicket. 
The  lioiler  attendant  sbduld  rcL^ard  it  as  bis  nujst  im- 
jiortant  duty  to  see  that  the  piping  is  thoroughly  drained 
bef(ir!>  attempting  to  cut  a  bciiler  in  on  the  line. 

Tlieic  is  anothei'  feature  that  shduld  influence  the 
locatidn  of  the  main  stop  \al\(',  if  the  lii'st  two  men- 
tioned do  not  absdiutely  (i\  its  pcjsitidu,  and  that  is 
accessibility  fcir  ci]ieration.  The  ncirnial  imi-puse  (if  this 
valve  is  to  cut  the  liciiler  frcmi  the  line  tci  shut  it  down 
or  re-connecting  it  after  a  sbutcldwn.  Under  sncli  ccm- 
ditions  the  o]ierator  can  usually  go  to  the  top  of  I  he 
boder  to  ]ierform  this  duty  at  leisure.  However,  when 
an  accident  occurs  and  it  is  required  to  cut  a  defective 
boiler  out,  to  ]ire\cnf  the  dtlier  boilers  from  emptying 
their  steam  through  the  del'ecti\('  one,  the  matter  is 
dilVcrent.  Undei'  such  eonditidiis,  if  a  band-operated 
\ah"e  is  used,  if  is  generally  imjiossibb;  to  reach  it  if 
placed  in  the  usual  Ideation.  The  best  method  of  over- 
coming this  ditliculty  is  to  ]uif  a  chain-spicicket  wheel 
on  the  valve  stem  in  plac-e  of  Ibe  regular  liainlwlieel  and 
lead  a  chain  from  this  wheel  oxer  suitalde  pulleys  to  a 
point  where  it  can  be  readily  reached  from  Ibe  lioiler- 
rooni  floor  level. 
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Ii  .  iuitomatic  stop  valve  is,  of  course,  the  best  kind 
:  (.(|Uii)inent  for  the  purpose  we  are  discussing,  for  ii 
i;;nds  ready  at  all  times,  if  in  working  order,  to  shut, 
oil'  a  boiler  when  the  pressure  on  the  boiler  side  drops 
below  the  line  pressure.  While  the  autoiuatie  stop  valve 
performs  this  important  function,  it  also  performs  an- 
other of  equal  if  not  greater  importanee,  and  that  is,  i! 
automatically  prevents  connecting  a  boiler  to  the  steam 
line  until  the  pressures  on  the  two  sides  are  equalized, 
if  the  valve  has  been  made  operative  before  an  excess 
]iressure  has  l)eeu  built  up  in  the  boiler. 

To  really  protect  a  boiler  operated  with  others,  and 
the  attendants  who  nuiy  be  required  to  work  iuside  when 
.shut  down,  the  stop-valve  equipment  should  consist  of 
two  valves,  one  an  automatic  placed  nearest  the  boiler 
and  the  other  an  ordinary  stop  valve.  This  arrangement 
allows  the  ])ressure  to  be  removed  from  the  automatic 
valve  at  any  time  without  shutting  down  the  entire  bat- 
tery of  boilers,  and  if  a  bleeder  valve  of  ample  size  is 
located  on  the  main  pipe  between  the  two  valves,  steam 
and  hot  water  may  be  kept  from  entering  the  boiler, 
even  if  both  valves  "are  not  perfectly  tight.  The  reduced 
effort  to  clean  a  Itoiler  and  the  better  cleaning  done  when 
interference  by  steam  and  hot  water  is  eliminated  will 
often  pav  for  an  extra  vidve  in  a  short  time,  to  say 
nothing  of  the  better  facilities  ottered  for  inspections. 

The  question  of  which  way  the  stop  valve  should  be 
turned  in  connecting  it,  if  of  the  globe-valve  type,  is 
often  raised,  and  it  can  be  discu.>sed,  pro  and  cou,  in 
many  ways.  If  the  jilaut  consists  of  more  than  one 
l)oiler,  the  importance  of  being  able  to  pack  the  stem 
without  taking  the  pressure  from  the  steam  line  would 
seem  to  require  that  the  toj)  side  of  the  valve  be  con- 
nected toward  the  boiler.  If  dependence  is  to  be  placed 
on  a  single  globe-.'Jtop  valve,  there  is  possibly  less  liability 
of  the  breaking  of  the  parts  ami  admitting  oteam  to  an 
idle  boiler  by  reversing  the  position:  so.  wiin  a  single 
valve  used,  it  is  safest  to  turn  it  so  that  the  line^  pres- 
sure will  be  on  top  of  the  disk  when  closed,  and  safety  is 
of  paramouut  importance. 

Another  precaution  for  safety  that  should  be  taken  to 
ju-otect  those  who  may  be  required  to  ^^•ork  inside  idle 
boilers,  and  this  applies  especially  to  large  plants,  is  to 
provide  chains  and  locks,  for  locking  shut  the  stop  valves 
as  well  as  other  valves  that  control  connections  that  may 
admit  hot  water  or  steam  to  an  idle  boiler.  The  keys 
to  such  locks  should  be  kept  by  the  chief  engineer  or 
other  attendant  in  responsible  charge.  It  would  seem 
that  the  recital  of  some  of  the  details  of  the  frightful 
accidents  that  have  occurred  with  considerable  frequency 
on  the  account  of  neglecting  such  precautions,  would  be 
suflBcient  to  secure  from  the  management  any  reasonable 
sum  for  the  necessary  equipment. 

Dampeus  AXi)  l)Ajii>i:i!  Begulator-s 

The  damper  is  a  more  important  portion  of  the  boiler 
equipment  than  is  usually  credited.  When  horses  are 
hitched  together,  the  draft  gear  is  usually  arranged  so 
that  it  will  be  necessary  that  all  pull  alike,  but  the  aver- 
age steam  engineer  will  hitch  from  two  to  ten  or  more 
boilers  together  without  apparently  giving  the  matter 
much  thought  as  to  whether  each  will  carry  its  proper 
share  of  the  load  or  not.  The  main  function  of  the 
individual  Vi,:,ikr  damper  is    to  aid  the  operator  to  dis- 


trihulc  the  total  load  between  the  boilers  aceordiiu 
the  ea]>acily  of  ea<-h  one.  The  correct  distnbutKu 
the  load  on  plant  efficiency  is  of  imiwrtance. 

It   is   well    known  that   the   economy,   as  regard-    Wt 
ronsumiJtion,  is  much  less  with  a  lioiler  carrying  a 
load  than  if  it  were  operated  at  rating  or  slightly  ,; 
and   that   a   loss  of   efficiency   is  also  experienced    n   m 
excessive  load  is  carried.     Therefore,  when  two  or  mn 
boilers  are  operated  on  a  load   that  approximate- 
combined  capacities,  the  efficiency  will  be  maximum 
the   load  is   distributed  between  them   in  proport ; 
their  capacities,  and  the  efficiency  will  be  less  the  :: 
the   inequality   in  the   di.^tribution   of  the  load.      I    ;-  < 
bad  conditions  of  distribution  the  loss  in  fuel  may  aiu^iui 
to  10  or  even  20  per  cent,  of  the  fuel  consumed. 

The  individual  damper  in  the  uptake  from  eacli 
can  be  used  to  distribute  the  load  properly  by  prcn 
the  required  draft  conditions  iu  the  furnace  undn 
boiler  so  that  the  proper  amount   of  heat  may  b'    - 
erated    to    suit   the    capacities    of    the    different    Imilii 
The  best  way  to  judge  when  the  loads  are  properly  r~^:;:• 
ized  is  to  have  a  steam-flow  meter  attached  to  each  '■ 
so  that  the  actual  amount  of  steam  delivered  to  tli 
may  he  .*een,  but  if  the  numagement  of  the  plant  i  ; 
be    induced    to    purchase    sudi    equipment    the    en. 
should    Hot    be    discouraged,    for    paying    attenth 
the  amount  of  coal  burned  under  each  boiler,  wil 
give  a  clue  to  the  proper  adjustment  of  the  dam]ii 
equalizing  the  load  on  the  various  boilers.     If  one 
has  twice  as  much  heating    surface    as  another    I; 
-hould  care  for  twice  the  amount  of  heat,  and  the  I 
should  be  capable  of  consuming  twice  the  amouut  (> 
and  delivering,  to  the  boiler  twice  the  amount  of  hea 
Sometimes    it  will  be  found  that  the  grate  area  will  n 
quire   changing   so  that   the   load   may  be   properly  dii 
tributed. 

After  the  positions  iu  which  the  individual  dampei 
must  be  jilaced  to  properly  distribute  the  load  have  bee 
determined,  they  should  be  marked  and  kept  at  the* 
positions  whenever  the  boiler  is  in  operation,  uule 
changed  conditions  iu  the  plant  make  a  readjustmen 
necessary.  All  regulation  of  the  draft  that  is  require 
to  care  for  changing  load  conditions,  should  be  cared  fo 
by  a  main  damper,  placed  in  a  portion  of  the  mat 
flue  that  carries  the  gases  from  all  the  boilers  to  th 
chimney.  By  this  means  the  proper  distribution  of  th 
load  between  the  different  boilers  is  maintained  unde 
changing  load  conditions.  The  damper  regulator  slioul 
always  be  arrauged  to  operate  the  main   damper. 

Plants  are  frequently  found  where  a  regulator 
tached  to  each  individual  boiler.     This  arrangemen 
never  give  the  best   result?,  regardless  of  the  value  o 
the  regulator  used,  because  it  is  impossible  to  adjust  th 
different  regulators  to  work  in  unison.     There  ar( 
different  makes  of  damper  regulators  on  the  mark 
all  work  on  about  the  same  principle.     A  rising  -ttar 
pressure  actuates  a  valve  which  admits  steam,  air  or  wate 
to  a  cylinder,  and  the  movement  of  the  piston  in  thi 
cylinder  closes  the  damper.     The  reversal  of  the  opera 
tion  is  accomplished  by  weights  or  other  means,  who 
the  boiler  pressure  has  dropped  below  a  given  point. 

A  point  about  dampers  that  properly  should  be  care 
for  by  the  boiler  maker,  but  which  the  engineer  sliouli 
understand,  is  that  thev  must  not  be  made  to  fit  tisrh 
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111  I  111'  tlue.  A  light  ilaiii])or  is  liable  to  stick  due  tu 
warping  or  expansion,  and  it  is  also  liable  to  give  trouble 
by  causing  gas  explosions  in  the  flue.  There  should 
always  be  sufficient  draft  on  a  l)oilor  to  prevent  the 
formation  of,  or  to  remove,  the  gases  that  may  be'  dis- 
tilled from  the  bed  of  fuel  when  the  draft  is  cut  off;  for 
unless  this  gas  is  carried  olf  as  fast  as  it  is  formed,  seri- 
ous explosions  are  liable  to  occur. 

When  firing  a  boiler,  it  is  necessary  to  open  the  firing 
door  wide,  and  this  ])ermits  a  riTsh  of  cold  air  to  enter 
the  furnace  if  the  daiii]icr  is  open.  To  ])revcnt  this,  the 
dampers  are  soinctiiiics  arranged  so  that  they  are  auto- 
matically closed  on  each  boiler  a.s  the  furnace  doors  are 
opened.  This  is  a  good  scheme,  and  it  doubtless  relieves 
the  boiler  of  considerable  strain  due  to  sudden  changes 
in  furnace  temperature.'  Since  a  damper  regulator  oper- 
ates on  differences  of  steam  pressure  only,  without  refer- 
ence to  fui'iKice  conditions,  it  should  be  set  to  operate 
at  a  ])ressure  somewhat  higher  than  the  ordinary  run- 
ning pressure  desired,  in  order  that  the  fireman  may 
regulate  the  pressure  by  his  method  of  firing  as  far  as 
possible.  It  is  wasti'ful  (if  I'licl  In  have  large  quantities 
of  green  coal  lying  on  the  fuel  bed  with  the  draft  checked, 
for  under  these  conditions  large  quantities  of  the  com- 
bustible portions  of  the  coal  escape  \ip  tlie  stack  un- 
bui'iH'd. 

Handy   Hook  for  Indicator  Cord 

By  1'aui.  a.  BAr.Miasii;u 

The  illustration  shows  a  hook  that  is  of  material  as- 
sistance in  hookii.ig  up  an  indicator  cord,  while  running 
at  high  speed.  This  device  has  lately  come  to  the  writ- 
er's attention  and  it  may  be  new  to  others. 

As  sliown,  it  consists  of  a  special  hook  made  from  stiff 
wire.     The  hook  is  driven  from  a  bar  connected  to  the 

.-•''-~--C~--,,  Indicator  Corc^, 
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crosshead.  To  hook  uji  while  nuiiiiiig  the  loop  .1  is  held 
between  the  thumb  and  lirst  iinger  of  tlie  I'igbt  hand,  the 
hook  being  held  in  the  ])osition  shown  by  the  dotted  lines. 
The  left  hand  is  lield  loo.sely  around  the  string  to  catch 
the  hook  should  it  fail  to  catch.  The  hook  is  now  moved 
toward  the  l)ar  on  the  crosshead  nntil  the  bar  strikes  the 
cud  of  the  hook.  This  will  swing  the  hook  between  the 
thumb  and  finger  to  a  horizontal  position,  as  indicated 
by  the  full  lines.  On  the  forward  stroke  the  bar  will 
catch  the  hook,  pulling  the  latter  out  of  the  hand.  The 
dotted  lines  under  the  hook  show  how  the  hook  may  rest 
on  the  pin  and  hook  on. 

To  disconnect  the  hook  the  hand  is  held  loosely  around 
tlie  indicator  cord  and  moved  toward  the  hook  until  the 
arm  of  the  hook  strikes  the  fingers.  This  will  tip  up  the 
hook  and  unlatch  it. 


Veeder  Setback  and   Locked-Wheel 
Counters 

The  illustration  shows  ,,ik.  ,,r  the  counters  which  have 
been  brought  out  by  ilu-  N'ci'der  Manufacturing  Co., 
Hartford,  Conn. 

The  four-wheel  setback  counter  is  shown  herewith. 
When  desired  the  counter  can  be  turned  forward  by  one 
'turn  of  the  knob,  shown  at  the  left  end  of  the  counter, 
until  all  of  the  figures  are  at  zero.  Tlie  resetting  shaft 
]ucks  up  the  minibci'  of  wheels  I'l'oiii  any  position  and 
carries  them  forward  to  zero. 

The  counter  is  built  up  ol'  units,  each  unit  consisting 
of  a  short  section  of  shell,  which  carries  a  pinion  and 
incloses  the  number  wheel,  with  the  cxc('])tioii  of  an  open- 
ing through  which  the  figures  ai-e  lead.  The  usual  num- 
ber of  wheels  supidicd   is  four,   but  the  counter   may  be 
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made  u|i  with  but  two.  (ii-  in  s|ic(ial  cases,  with  six  or  even 
eight  sections.  'J'he  counters  ai'c  i]iist-|)i'0(ir  and  may  be 
made  watei-]iroof  bv  a  suitable  cement  |)laced  arcnind  the 
-lass. 

In  the  center  of  each  nunibei'  wheel  is  a  small  single- 
toothed  ratchet  wheel  in-  cam,  «liich  engages  with  a 
single  pawl,  attached  to  the  number  wheel.  The  small 
cams  are  provided  with  a  key  which  engages  with  a  groove 
or  keyway  in  tlis  resetting  shaft. 

The  locked-wheel  (ouiitei'  is  similar  to  the  setback 
counter,  except  that  the  transfer  pinions  are  solid  and 
the  number  wheels  are  not  provided  with  cams  and  pawls 
for  setting  them  to  zero.  The  number  wheels  are  locked 
in  all  positions  and  cannot  be  moved,  except  through  the 
mechanism  which  is  jirovided  for  di'iving  the  right-hand 
ring. 

Both  styles  of  counters  are  furnished  with  the  same 
form  of  driving  mechanism.  A  rotary  ratchet  drives  the 
right-hand  wheel  forward  by  an  oscillating  motion  of  the 
lever  on  the  driving  shaft.  The  driving  shaft  may  be 
rotated  through  any  number  of  degrees,  or  even  revolved 
continuously  in  cither  ilircM-tion.  II'  dri\en  forward,  it 
will  count  111  fill-  each  re\(iliili<)ii;  if  driven  backward, 
the  number  wheel  will  not  lie  nuned.  An  oscillating 
movement  of  from  4i)  to  (io  <leg.  will  count  one  figure  at 
each  movement. 

In  the  direct  dri\e.  the  dri\iiig  shaft  is  dii'ectly  con- 
nected to  the  first  or  right-hand  wheel  and  one  revolu- 
tion of  the  driving  shaft  will  count  10.  If  the  shaft  is 
run  backward,  the  numlier  will  be  subtracted. 

Til  the  revolution  counter,  the  right-hand  wheel  is 
driven  by  a  gear,  mounted  on  an  eccentric  on  the  driving 
shaft,  but  is  prevented  from  turning  by  a  short  oscillal- 
ing  link.  It  counts  one  figure  for  every  revolution  of 
the  shaft. 
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Wrecking  the  Balaklala  Stack  at 
i -oram,  Calif. 

Tlie  tali.  iu.ii(i«-iile  stack  mI  Ihc  works  of  the  Balak- 
kJa  Ooiisoliilaled  Copper  Co..  al  Coram,  Calif.,  was 
recently  wrecked  by  blas^ting  out  the  lower  part  of  the 
roiuicl  portion  of  the  stack,  just  above  the  octagonal  base. 
Tlie  stark  was  275  ft.  high;  the  octagonal  base  about  10 


wniild  fall  from  the  cornice,  making  it  cMi'diiely  danger- 
ous. It  was  feared  that,  by  woi'king  on  the  slack,  .some  of 
the  men  might  be  injured.  Fig.  3  is  the  photogra])h 
taken  from  the  west  side  of  the  stack  and  shows  how 
the  top  had  crumbled  away,  several  feet  of  it  having 
fallen  from  time  to  time.  In  Fig.  3,  the  comlition  of  ilic 
stack  at  the  time  of  firing  the  blast,  and  just  before  it 
fell,  is  shown.     In  Fig.  4  the  stack  is  shown  a  little  later 


Failure  .-iXD  Whecking  of  the  Hollow-Tile  Stack  oi-  t;ik  Balaki.ai,.v  CoxsoLinATKo  CorrF.n  Co. 

In  .Tune  a  135-ft.  brick  stack  in  Cleveland.  Ohio,  was  struck    by    lirvhtiiins.    c.iu.sing    almost    the   same   condition 


ft.  high.  .Vftei'  the  slack  had  luvii  used  IS  momhs.  il  lic- 
gaii  to  crack  and  tlatlen  on  one  side.  Some  people  said  it 
had  been  struck  liy  lightning,  but  it  is  not  positively 
known  that  this  is  ti-ue.  The  coiulitidii  of  the  stack  on 
tlu'  south  side  is  shown  in  Fig.  1.  Where  tlie  cracks  ai'e. 
the  stack  had  bulged  out,  and  on  th(>  left,  where  the  iron 
ladder-rungs  can  be  distinguished,  the  stack  had  flat- 
tened .so  that  when  one  went  inside  and  looked  np.  there 
was  probably  10  or  12  ft.  of  the  inside  which,  instead  of 
being  a  circle,  was  practically  straight  acro.is. 

^fany  plans  for  saving  the  stack  were  discussed,  such 
as  banding,  etc.:  luit   as  every   few  days  a  lot  of  brick 


than  ill  N'li.  .'i.     Fig.  o  sluiws  a  piece  remaining  after  the 
blast.     This  ])iece  was  taken  down  a  few  days  later. 

In  wrecking  the  stack,  72  hoK>s  were  drilled  around 
half  (if  the  base,' and  in  each  hole  three  .sticks  of  40  ]ier 
cent,  iiowder  wrvr  jdaccd.  and  all  the  holes  were  fired 
simultaneiiusly  by  an  electric  hatiery.  It  is  understood 
that  the  linllow  tile  of  which  this  stack  was  built  were 
imported  from  Germany.  The  cost  of  the  original  stack 
was  ."^3.1,000.  It  is  probable  that  the  stack  will  be  rebuilt 
to  a  height  of  -10  or  .50  ft.  above  tlie  lO-ft.  base,  nsiu'r  the 
same  old  material:  possibly  it  may  bo  built  higher. — The 
Engineering  ct-  Miniiui  .IniiniaJ. 
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Sixty-Cycle  Rotary  Converters* 

By  B.  G.  Lam-mh 


One  (if  the  most  significant  (levL4opments  in  the  ]iiist 
yvAv  h:is  been  the  greatly  increased  nse  of  large  Ijii-ivcle 
ruiary  converters  by  central  stations.  Shortly  aftei-  the 
25-eycle  converter  became  i:>rominent  in  electrical  wmk. 
that  is,  15  to  18  years  ago,  the  problem  of  6U-cycle  con- 
\ei'ters  was  also  presented  and  such  machines  wore  built 
and  installed  in  a  nnniher  of  i^laces.  Some  of  these  were 
fiiiily  snccessful,  while  others  were  failures.  Apj)arently, 
ill  >ome  of  these  cases  of  failure,  the  converter  itself  was 
iidt  entirely  to  blame,  as  it  was  operated  under  conditions 
which  would  now  he  considered  impracticable. 


PEiiiriii 


Sl'EKDS 


Relatively  low  speeds  were  considered  necessary  from 
the  commercial  standpoint,  and  with  60  cycles  this  meant 
a  large  number  of  i)oles.  Also  mauufacttiring  limitations 
called  for  relatively  low  peripheral  speeds  of  the  com- 
imitators.  In  those  days  commutator  speeds  muc'h  in 
excess  of  4000  ft.  per  mill,  were  considered  prohihitive, 
and  unduly  dangerous.  The  perif)heral  speed  of  the  com- 
mutator equals  the  distance  between  adjacent  neutral 
jioints  multiplied  by  the  alternations  per  minute.  On 
this  basis,  3600  ft.  peripheral  speed  with  60  cycles  per 
second  gave  6  in.  between  adjacent  neutral  points.  E\eu 
4"^0(l  ft.  ])eripheral  speed  gave  only  7  in.  Iietween  neutral 
]Kiints.  It  is  obvious  therefore  that,  even  with  this  higher 
]n'i'iphera!  speed  of  tlic  commutator,  there  Avas  undue 
crowding  of  the  brush-holders;  itself  a  bad  feature.  But 
the  worst  fc.iture  was  that,  with  only  7  in.  between  the 
commutator  neutral  points,  the  ]icrinissible  number  of 
commutator  bars  was  unduly  limited.  lu  iimsequeucc, 
60-cycle  converters  fcu'  250  to  .'iOO  volts  rendered  better 
.-icrvice  than   600-volt  machines. 

The  field  flux  distribution  had  something  to  do  with 
the  questionable  operating  conditions.  \\"\\\\  these  earlier 
machines,  very  high  peripheral  speeds  of  ibe  armature 
core  were  considered  objectionable  for  several  reasons. 
One  was.  that  the  constructions  di<l  not  allow 
very  high  peripheral  speeds  of  the  armature  windings, 
and  a  second  was  that,  with  the  relatively  low  speeds  and 
large  numl)er  of  poles,  the  armature  dimensions  and  cost 
would  have  been  excessive.  In  general,  a  12-in.  pole 
pitch  was  considered  as  large  as  desirable  or  in-acticable, 
which  corresponds  to  7200  ft.  ]ier  min.  at  60  cycles. 

With  this  small  pole  iiitcli,  in  order  to  obtain  a  suffi- 
ciently wide  commutating  zone  between  the  poles,  it  was 
necessary  to  make  the  poles  relatively  narrow.  The  use 
of  narrow  poles  led  into  one  difficulty,  as  regards  flash- 
ing, while  widening  the  ])ole  and  narrowing  the  inter- 
'  olar  space  led  to  another  difficulty  of  flashing  which  was 
equally  serious.  .\ii  obvious  remedy  was  in  the  use  of 
wider  ])ole  pitches,  but  increasing  the  pole  pitch.,  with  a 


given  number  of  poles  and  given  speed,  meant  increasing 
the  diameter  of  the  armature,  and,  even  though  the  arma"- 
ture  could  thereby  be  narrowed,  the  cost  of  the  largci-- 
diaiiH'lei'  machine  would  necessarily  lie  increased.  The 
ifinedy  lor  this  (iiiiditioii  was  a  reduction  in  the  number 
of  poles  as  tlu'  luich  was  increased,  thus  keeping  down 
the  size  oF  the  arnialnre  for  a  given  output.  But  reduc- 
tion in  the  numlier  of  poles  means  higher  speeds,  which 
were  formerly  eoiisidered  commercially  objectionable. 
Tliererore,  between  eonimercial  limitations,  difficulties  in 
design  and  niann  facturiiig  conditions,  the  60-cycle  eon- 
Acrtei'  was  in  a  had  wav. 

•Vltenipls  were  made  fnuii  time  to  time  to  increase  tlie 
Sliced  by  deci-easing  the  iiunhei-  of  pole's,  but  this  could 
only  lie  done  commercially  in  relatively  small  steps.  PIow- 
e\ei-.  with  iiicrea.sed  e-\pcriciice  in  coniniutator  construc- 
tions, one  great  advance  was  made  bv  increasing  the 
cdiiiiiiutator  speeds  of  the  60-cycle  maehiiies.  Instead  of 
approximately  7  in.  lietween  jioints,  the  distance  was  in- 
creased to  Si,{,  di'  !i  ill.  fur  600  volts,  giving  5100  to  51:01) 
ft.  peripheral  speeds  at  the  commutator.  This  allowed 
as  many  as  45  to  4S  commutator  bars  ](ei'  jiole,  which 
is  well  within  the  range  of  good  60(i-voll  practice.  This 
reduced  the  a\crage  anil  the  maximum  volts  per  bar,  and 
one  of  the  priiieipal  weaknesses  of  the  former  designs  was 
eliminated.  Also,  by  improved  mechanieal  design  wliieli 
allowed  higher  peripheral  sj.ced  of  the  armature  wind- 
ings, tlie  pole  piteh  eould  he  iiiereased  to  about  16  in., 
instead   of   1  "i   in.,  without   an    iindiilv  large  diameter  of 
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nished    the    latest    important    step,    making    still    higher 
revolutions  permissible. 

With  these  higher  sjiceds,  and  greater  outputs  with  a 
given  diameter  of  machine,  the  losses  have  not  increased 
anything  like  in  jiroportion,  so  that  the  efficiencies  of  the 
60-cycle  converters  have  been  increasing  until  now  they 
closely  approac  h  the  25-cycle  machines.  In  fact,  when 
the  greater  efficiency  of  the  60-cycle  step-down  transform- 
ers is  considered,  the  difference  in  units  of  large  cajjae- 
ity  is  small. 

COMMUT.VTIOX 

There  were  a  number  of  other  minor  conditions  in 
these  earlier  machines  which  might  be  considered  as  me- 
chanical defects,  or  mechanical  and  electrical  combined. 
These  were  found  priiici]iallv  in  the  lirushdiolder  and 
commntalor    const  ruction,    :iiii|    in    the    materials    of    the 
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commutator.  Ou  the  higher-voltage  machines,  in  which 
a  large  number  of  commutator  bars  per  pole  was  neces- 
sary, the  thickness  of  each  bar  was,  and  still  is,  very 
small,  and  the  proportion  of  thickness  of  mica  between 
bars  to  the  thickness  of  the  bars  is  considerable.  On  this 
account,  it  has  been  difficult  to  obtain  a  wear  or  abrasion 
of  the  mica  equal  to  the  so  called  copper  wear.  No  mat- 
ter how  perfect  the  commutation  may  appear  there  is 
always  a  slight  tendency  to  burn  the  face  of  the  com- 
mutator by  the  current  passing  between  the  commutator 
and  the  brushes.  This  may  be  extremely  slow,  but  if  the 
mica  does  not  wear  down  at  the  same  rate  it  will  lift  the 
brush  surface  away  from  the  copper,  and  thus  an  almost 
infmitesmal  gap  exists  between  the  brush,  and  the  com- 
mutator. This  gap  then  exaggerates  the  burning  ten- 
dency, and  the  difficulty  is  accentuated.  This  trouble  is 
also  accentuated  by  high  commutator  peripheral  speeds. 
Hence,  in  60-cycle  rotary  converters,  in  general,  and  in 
high  voltages  in  particular,  experience  has  shown  that  it 
is  advisable  to  undercut  the  mica  slightly,  to  avoid  any 
tendency  toward  high  mica,  and  also  to  be  able  to  use 
brushes  which  contain  some  lubricant,  such  as  graphite. 
Where  any  considerable  grinding  action  by  the  brushes  is 
necessary  to  keep  down  the  mica,  such  lubrication  is  not 
practicable  to  the  same  extent. 

Hunting 

In  the  development  of  the  60-cycle  rotary  converter, 
there  were  other  conditions  beside  commutation,  flashing, 
etc.,  which  had  to  be  taken  into  account.  The  rotary  con- 
verter is  a  synchronous  machine,  and  must  follow  rigidly 
in  step  with  the  impressed  electromotive  force.  The 
early  machines  in  many  cases,  were  operated  from  gen- 
erators driven  by  slow-speed  reciprocating  engines,  which 
did  not  run  at  uniform  speed.  As  the  engines  and  gen- 
erators varied  in  speed  periodically  the  frequency  of  the 
electric  circuit  varied  to  the  same  extent,  and  any 
synchronous  apparatus  operated  on  the  system  would  also 
vary  in  speed.  If  the  converter  did  not  follow  rigidly,  it 
would  hunt,  the  direct  result  of  which  was  visible  in  bad 
operation  at  the  commutator.  In  the  normal  rotary  con- 
verter, when  running  properly  in  synchronism,  there  is 
practically  no  armature  reaction  such  as  is  found  in  di- 
rect-current machines,  for  the  alternating  current  sup- 
plied to  the  armature  winding  is  in  opposition  to,  and 
practically  neutralizes,  the  magnetizing  effect  due  to  the 
direct  current  delivered.  Therefore,  as  far  as  reactions 
on  the  field  are  concerned,  it  is  quite  different  from  a 
direct-current  machine,  and  at  full  load,  the  armature 
has  very  little  more  effect  ou  the  field  than  at  no  load. 
However,  when  the  converter  is  hunting,  the  current  due 
to  the  hunting  action  is  not  balanced  by  the  direct  cur- 
rent delivered,  so  that  this  current  acts  like  that  in  a 
straight  alternating-current  or  direct-current  machine, 
and  sets  up  magnetic  fluxes  in  the  interpolar  space,  and 
under  the  edges  of  the  poles,  which  are  harmful.  These 
fluxes  create  bad  commutating  conditions.  Therefore,  as 
a  rotary  converter  hunts,  there  is  usually  periodic  spark- 
ing at  the  brushes,  which  may  become  so  bad  that  the 
machine  flashes  over.  The  corrective  now  universally 
applied  consists  in  the  use  of  copper  dampers,  or  "cage 
windings,"  in  the  field  pole  faces. 

The  advent  of  the  later  60-cycle  turbo-generating 
plants  has  been  a  large  factor  in  the  successful  develop- 
ment of   60-cycle   converters.     The  problem   of  angular 


variation  in  speed  of  the  prime  mover  has  disappeared,, 
and,  therefore,  the  dampers  on  modern  60-cycle  convert- 
ers have  to  take  care  of  only  those  secondary  causes  of 
hunting,  which  were  present  under  the  old  conditions. 
Also,  with  the  new  high-speed  machines  having  rela- 
tively wider  poles,  it  is  practicable  to  add  many  more 
damper  bars  per  pole  than  in  the  older  machines. 

Commutating  Poles 

However,  a  new  problem  in  hunting  has  come  up  in 
connection  with  the  advent  of  the  commutating  pole,  both 
in  35  and  60  cycles.  In  the  commutating-pole  generator,^ 
the  ampere  turns  in  each  commutating-pole  coil  is  suffi- 
cient to  not  only  neutralize  the  entire  magnetizing  force 
of  the  armature  winding  per  pole,  but  to  also  furnish  an 
excess  flux  for  commutating.  In  the  commutating-pole 
converter,  there  is  normally  but  little  resultant  magnetiz- 
ing effect  in  the  armature  winding,  due  to  the  alternating 
and  direct  currents  being  normally  in  opposition,  and, 
therefore,  the  commutating-pole  winding  must  only  be 
strong  enough  to  neutralize  the  very  small  resultant 
armature  reaction  and  give,  in  addition,  a  magnetic  flux 
sufficient  for  commutation.  In  consequence,  the  ampere 
turns  on  the  commutating-pole  winding  may  be  only  30 
to  40  per  cent,  of  the  total  armature-ampere  turns,  con- 
sidered as  in  an  alternating-  or  direct-current  machine; 
whereas,  in  a  direct-current  generator,  the  commutating- 
pole  winding  is  usually  at  least  125  per  cent,  of  the  arma- 
ture-ampere turns.  Therefore,  the  rotary  converter  can- 
not act  as  a  generator  or  motor  with  good  commutation, 
as  its  commutating-pole  strength  is  then  much  less  than 
required.  As  a  generator  or  motor,  the  armature  reac- 
tion may  not  only  overpower  the  commutating-pole  wind- 
ing, but  may  set  up  a  strong  magnetic  flux  in  the  wrong 
direction,  and  render  the  commutating  conditions  worse 
than  if  the  commutating  pole  were  absent. 

Herein  lies  a  source  of  possible  trouble  with  commutat- 
ing-pole converters.  In  case  there  is  hunting,  the  arma- 
ture will  act  alternately  as  a  generator  and  motor,  and 
the  magnetizing  force  of  the  armature  may  be  such  that 
it  will  demagnetize  the  commutating  pole,  or  even  re- 
verse the  flux  under  it,  so  that  the  machine  acts  in  the 
same  way  as  if  it  were  operating  with  the  current  re- 
versed in  the  commutating-pole  winding,  which  would 
obviously  give  very  bad  commutating  conditions.  There- 
fore, when  the  commutating-pole  converter  hunts,  it  rep- 
resents a  worse  condition  than  when  a  noncommutating- 
pole  machine  hunts  to  an  equal  extent.  Hence  somewhat 
better  damping  conditions  are  required  than  in  the  non- 
commutating-pole  machine. 

A  new  condition  also  developed  in  connection  with 
self-starting  of  commutating-pole  converters.  In  the 
older  60-cycle  machines,  starting  motors  were  commonly 
used.  Later  practice  tends  toward  self-starting,  except 
in  special  cases.  There  are  some  advantages  in  this  self- 
starting,  and  at  the  same  time  disadvantages,  especially 
in  the  60-cycle  machines.  The  greatest  advantage  lies 
in  the  rapidity  with  which  the  converter  can  be  started 
from  rest  and  brought  up  to  synchronism,  together  with 
the  fact  that  no  synchronizing  devices  are  required.  With 
the  old  starting  motor,  the  machine  had  to  be  brought 
to  synchronous  speed  and  then  thrown  in  step.  This  was 
more  difficult  with  60  cycles  than  with  25  cycles,  and  self- 
starting  eliminates  this  trouble.  On  the  other  hand,  while 
starting  and  accelerating,  the  rotary  converter  acts  as  an 
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iBduetioii  motor  and  will  take  a  relatively  large  starting 
current  at  very  low  power  factor. 

However,  the  new  condition  which  developed  with  the 
advent  of  commutating  poles,  lies  in  sparking,  and  not 
in  the  starting  current.  As  the  rotary  converter  at  the 
start  acts  like  an  induction  motor,  it  has  a  rotating  mag- 
netic field  flux  set  up,  which  travels  around  the  armature. 
The  armature  coils  short-circuited  by  the  brushes  form 
secondaries  to,  or  are  cut  by,  this  field  and,  therefore,  have 
relatively  large  electromotive  forces  set  up  in  them,  which 
develop  large  local  currents.  The  electromotive  forces 
set  up  in  the  short-circuited  coils  are  usually  somewhat 
greater  in  the  60-cycle  converters  than  in  35-cycle  ma- 
chines, due  to  fewer  conductors  in  series,  and,  therefore, 
the  normal  voltage  per  conductor  is  relatively  higher 
than  in  the  25-cycle  machines.  Hence,  at  the  start,  the 
relative  voltage  per  conductor  generated  by  the  rotating 
field  set  up' by  the  armature  winding  will  also  be  higher 
in  the  60-cycle  converter.  Also,  the  number  of  com- 
mutator bars  covered  by  the  brush  will  usually  be  greater. 
Therefore,  the  short-circuiting  action  of  the  brushes  and 
the  sparking  will  be  worse  on  the  60-cycle  machines,  but 
it  is  liable  to  be  excessive  on  all  large  machines. 

With  the  advent  of  the  commutating-pole  rotary  con- 
verter, a  still  more  difficult  condition  has  been  encount- 
ered in  self-starting,  namely,  that  the  flux  conditions  in 
the  zone  of  commutation  of  the  short-circuited  coils  are 
materially  higher  than  in  the  noncommutating-pole  ma- 
chine. In  the  latter  type,  while  the  short-circuited  coils 
cut  an  alternating  flux  and  therefore  have  local  currents 
set  up  in  them,  these  coils,  in  commutating  or  reversing 
these  currents,  lie  midway  between  the  poles,  and  there- 
fore in  the  region  where  the  conditions  of  reversal  are 
easiest.  But  in  placing  the  commutating  pole  directly 
over  the  short-circuited  coils,  the  conditions  of  reversal 
of  the  short-circuited  current  are  made  much  more  diffi- 
cult during  starting.  In  consequence,  during  starting 
and  accelerating,  the  sparking  conditions  in  the  com- 
mutating-pole type,  both  for  60  and  35  cycles,  are  much 
worse  than  in  the  older  noncommutating-pole  type.  In 
fact,  in  the  larger  machines,  the  conditions  are  so  bad 
that  it  has  been  found  necessary  to  add  brush-lifting  de- 
vices which  will  lift  all  the  brushes  but  two,  during  start- 
ing and  bringing  up  to  speed. 

Voltage  Yakiation 

in  tlie  earlier  60-cycle  machines  the  question  of  vari- 
able voltage  came  up  in  connection  with  250-  to  300-volt 
machines.  The  general  means  of  voltage  variation  in 
these  machines  was  almost  entirely  by  means  of  induc- 
tion regulators,  or  transformers.  It  is  only  in  very 
recent  years  that  the  self-contained  units,  such  as  the 
synchronous-booster  rotaries,  and  the  regidating-pole 
type,  have  been  brought  forward.  For  60  cycles, 
the  synchronous  booster  appears  to  l»e  the  only  really 
practical  method,  due  largely  to  limitations  in  design 
and  in  space  requirements.  If  commutating  poles  are 
to  be  used,  then  the  regulating-pole  type  of  machine,  with 
main  and  auxiliary  poles  in  addition  to  the  commutat- 
ing poles,  requires  a  very  crowded  design  of  field,  unless 
a  larger  pole  pitch  is  chosen  than  in  the  synchronous- 
booster  machine,  in  which  tiu-re  are  only  the  commutat- 
ing and  the  main  poles. 

Sixty-cycle  rotary  converters  are  now  being  manufac- 
tured in  relatively  large  capacities,  such  as  1000,  1500 


and  SOOO  kw.  for  270  volts  with  synchronous  boosters, 
and  up  to  2500  kw.  for  higher  voltages.  Larger  capac- 
ities, for  either  voltage,  can  be  constructed  without  diifi- 
culty,  and  with  as  good  performance  as  in  the  capacities 
mentioned. 

Diesel-Electric-Driven  Ship 

By  J.  R.  Wilson 

Perhaps  one  of  the  most  interesting  ships  of  the  year 
is  the  "Tynemount,"  a  vessel  built  to  demonstrate  the 
advantages  of  electric  transmission  in  connection  with 
the  Diesel  engine  for  the  propulsion  of  large  ships.  Built 
for  the  Montreal  Transportation  Co.,  this  vessel,  wliicli 
is  of  2400  tons  displacement,  is  equipped  with  two  four- 
stroke-cycle,  six-cylinder,  300-hp.  Diesel  engines  driving 
three-phase  alternators  at  400  r.p.m. ;  the  latter  in  turn 
supply  a  5(li)-lip.  electric  motor  which  drives  a  single 
]u-opeller. 

The  engines  are  both  divided,  into  groups  of  three  cyl- 
inders, and  the  camshaft  of  each  is  driven  by  a  vertical 
shaft  arranged  between  the  two  groups.  The  bedplate 
is  cast  in  two  pieces  and  bolted  together,  and  joined  with 
the  alternator  bedplate  at  the  flywheel  end  of  each  en- 
gine. 

Starting  is  effected  by  means  of  compressed  air,  three 
cylinders  only  being  fitted  with  starting  valves.  A  de- 
vice for  stopping  the  engine  and  means  of  controlling 
the  amount  of  air  delivered  by  the  air  compressor  are 
also  provided  on  the  control  pillar.  Near  at  hand  is  the 
electric  controller  of  the  transmission  system,  the  whole 
providing  a  compact  and  centralized  arrangement  for 
the  operation  of  the  propelling  machinery;  controls  are 
also  carried  to  the  bridge.  At  the  after  end  of  each  en- 
gine a  three-stage  air  compressor  is  fitted,  driven  direct 
from  an  extension  of  the  engine  crankishaft.  This  ex- 
tension also  provides  means  for  driving  the  lubricating 
and  circulating-water  pumps.  The  fuel  pumps  are  driven 
by  eccentrics  from  the  camshaft. 

The  electrical  equipment  consists  of  two  three-phase 
alternators,  each  coupled  direct  to  one  of  the  Diesel  en- 
gines. These  alternators,  when  running  at  their  normal 
speed  of  400  r.p.m.,  have  an  output  of  270  amp.  each 
per  phase  at  500  volt*  which  absorbs  the  full  power  of 
the  engine.  One  is  provided  with  six  and  the  other  with 
eight  poles,  giving  frequencies  of  20  and  26.6  cycles 
respectively.  An  exciter  is  coupled  direct  to  each  al- 
ternator and  is  capable  of  giving  an  exciting  current  of 
30  amp.'for  ample  working,  which  can  be  increased  up 
to  50  amp.    while  maneuvsring. 

These  two  generating  sets  supply  a  500-lip.  indiu-tion 
motor  of  special  construction.  The  rotor  is  of  the  squir- 
rel-cage type,  but  the  stator  is  provided  with  two  differ- 
ent and  entirely  .separate  windings,  one  of  30  and  the 
other  of  40  poles.  When  these  two  windings  are  sup- 
plied with  current  at  30  and  36.6  cycles  respectively,  they 
give  the  same  synchronous  speed  of  80  r.p.m.  The  motor 
will  then  absorb  the  fidl  power  of  both  engines  and  drive 
the  propeller  at  78  r.p.m.  This  propeller  .speed  corre- 
sponds to  the  fastest  speed  of  the  vessel. 

In  order  to  obtain  a  slower  speed  the  connections  are 
altered  so  that  the  20-cyele  alternator  supplies  the  40- 
pole  winding  of  the  motor;  the  26.6-cycle  alternator  can 
be  shut  down  and  the  30-pole  winding  of  the  motor  i,» 


i'  o  w  ]■;  K 


\o].  n.S,  Xo.  1!) 


Pig-.  1,  motor  complete;  Fig.  2.  rotor  of  motor  in  position;  Fig.  3,  main  switch  with  cover  and  oil  tanii  removed;  Fig.  4, 
stator  of  motor  in  course  of  windins;  Pig.  5.  mafn  switch  and  exciter  switch  with  interlocliing  ge?r;  Fig.  6,  rotor  of 
six-pole  alternator  before  windinu.  Fm.  7,  rotor  i,f  motor  in  foiindrv  readv  to  (■a.'it  on  end  rings;  Fig.  8.  rotor  of  eight- 
pole  alternator. 


iilsd  (jLit  of  Sfi'vicr.  The  syiK-lirdiiuu;;  speed  of  the  itiolor 
uitli  the  propeller  i.s  iiuw  redneeil  lo  (in  r.p.iii.  One  vl' 
llie  engines  only  is  nvailalile,  but  ;is  the  speed  of  tlie  slii|i 
is  reduced  to  alioiit  three-quarters  normal,  half  of  the 
total  horse|iii\ver  is  ample  and  the  great  advantage  is  cili- 
taiiied  ol"  being  able  to  entirely  shut  down  that  part  lA' 
the  plant  wliieh  is  not  required  at  low  speed.  It  will  he 
noticed  that  the  two  alternators,  when  both  are  at  work, 
ire  connected  to  entirely  .separate  circuits  and  they  are 
therefore  never  run  in  imrallel.  The  ])i'oces.s  of  parallel- 
ing would  be  quite  unsuitable  on  shipboard  as  this  <ip- 
?ration  not  only  requires  skill  and  care  but  would  invohe 
?oiisiderable  delay  in  starting  the  propeller  motor. 

Reversing  is  carried  out  by  interchanging  the  eonnec- 
■ioiis  of  two  phases.  Tlie  switch  gear  ]irovided  for  this 
nirpose  is  extremely  simple,  eonsistiiig  of  two  parts:  a 
main  switch  of  tlie  triimway  controller  type  having  five 
lifl'erent  positions — full  ahead,  half  ahead,  stop,  half 
istern  and  full  astern,  and  of  a  second  switch,  the  imr- 
30se  of  which  is  to  introduce  resistance  into  the  shtmi 
•ireuit  of  the  exciter. 

The  contacts  of  both  switclies  -woi-k  under  oil.  but  it  is 
nadvisablo  that  the  cdutacts  <>\'  the  main  switch   should 


Fig.  !).    (li.M.KA  I  ixi;  Uxir  C'omi'lete 

be  reipiired  lii  hi'e:ik  the  huge  main  current  flowing  to 
the  nidtiir.  The  two  switches  arc,  therefore,  interlocked 
so  that  it  is  impossible  to  work  the  nuiin  switch  exce]ii 
\\heu  all  the  resistance  has  been  introduced  into  the  ex- 
citer field  coils.  There  is  then  practically  no  excitation 
and  the  whole  .system  is  dead.  With  the  resistance  in 
the  exciter  field  circuit,  the  main   switch  can   be   mux-eil 
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Fig.  10.    Gkxkkal  View  of  Exciixic  Itooji,  Showixh  One  Gi:xi:i;.\tixg  Uxit  axd  Coxtiioi.  (iicAii 


fo  any  (iiic  dl'  ils  I'lmr  woi'kiiii;-  ]i(isili(iii>,  mikI  \\-1k'ii  the 
iiuiiu  ((iiiiicilitMis  \\;i\r  Ix'cii  iiiaile  I'dv  the  new  I'lmuiiiu 
]ii)sitioii  the  sluint-switeli  le\"ei-  is  ]iiilleil  over  so  as  to 
cut  out  the  rcsi.staiiee  and  restore  the  exeitation.  Until 
the  main  switch  is  ilefiiiitely  on  one  set  of  eontaets  tht> 
slnint  switrh  is  locked  so  that  the  excitation  cannot  be 
ivstorcd.  It  A\ill  be  seen  that  tlie  wlioU'  haiidlinu  of 
the  shi])  caji  be  carried  out  l)y  means  of  two  le\ers  which 
are  so  intd'hiclved  as  to  be  jn-actically   roojiiroof. 


C  ( )  R  R  E  S  P  O  N  D  B  N  C  K 


Putting  Tirrell  Rtgulator  in  Service 

b'cfcrrm.n  to  Mr.  iJandolph's  article  in  the  Oct.  ]  is- 
sue, on  the  Tirrell  icnulatoi'.  in  my  o|iinion  his  method 
of  pnttin.u'  the  instnimeid  into  service  can  be  improM'd. 
To  lower  the  line  \olta,t;('  to  (i.")  pci'  cent,  below  norn'.al 
every  time  the  instrnmi'nt  is  |iut  in  operatioji.  which  is 
necessarily  fre<jnciit  in  order  to  maintain  the  ^ood  con- 
dition of  the  eontaets.  wcjuld  hanlly  nndsc  tor  udod  sei-- 
vice.  The  following  method  has  been  I'onnd  to  I'aise  the 
least  disturbance  and  in  fact  it  is  imjiossiljle  to  detect 
A\heu  the  regulat<jr  is  being  taken  out  or  put  back. 

The  single-]iole  switches  at  the  top  (if  the  panel,  con- 
necting the  contiol  solenoids  with  the  alternating  cur- 
reid  line  and  the  cvcitci'  busbar  are  closed  lirst  in  order 
to  note  the  position  of  the  main  contacts.  If  thev  are 
closed,  and  coiisccpu'idly  the  relay  contacts,  to  close  the 
shuut-cii'cuit  switches  wbieli  connect  the  latter  with  the 
tajiis    on    the    exciter    rheostat,    would    short-eireuit    the 


rheostat.  This  woidd  cause  more  or  less  fluctuation  in 
the  line.  if.  howe\ei',  the  exciter  voltage  is  raised  slightly 
(but  oiie  or  twii  \olts  being  snlflcient)  the  contacts  will 
open.  This  rise  is  so  slight  as  not  to  be  apparent  in  the 
line. 

The  relay  contacts  being  o|icn.  the  shunt-circuiting 
switches  nniy  be  closed  witlnuit  affecting  the  system.  If 
the  exciter  voltage  is  now  lowered  al)out  as  much  as  it 
■was  raised,  the  regulator  will  swing  into  action  slowly 
and  snuiotblv.  The  iheostat  can  ucjw  be  cut  into  the  de- 
sired pcpint.  the  oidy  noli<-calile  effect  being  a  speeding 
u\>  of  tb"   regulator. 

On  talking  out  the  instrument,  the  reverse  course  is 
taken.  By  turning  out  the  rheostat  slowly,  the  speed  of 
the  contacts  become  slower  until  they  stop,  remaining 
open.  The  shunt-circuit  switches  can  be  opened  and  the 
regulator  cut  out  <jr  si/rvicc  for  cleaning  by  opening  the 
to]!  switches. 

J..    \V.   CtM.TiM;. 

rni(ui    IMII.   X.  J. 


Urectiuii  of  Strttiu  Kleotrif  Plant — The  Kraftwelk  Stettin, 
tlie  company  wliicli  furnishes  eleetiic  current  to  the  consum- 
ers in  Stettin,  Germany,  and  vicinity,  is  erecting  a  second 
plant,  in  order  to  supply  the  constantly  increasing  demand. 
When  first  erected  the  present  plant  had  a  capacity  of  9.000,- 
1100  kw.-hr..  which  was  increased  to  12,000,000  by  adding  to 
the  plant.  The  demand  of  large  and  small  consumers  will 
compel  the  production  of  18,000,000  to  20,000,000  kw.-hr.  in 
the  near  future.  The  new  plant  is  to  take  care  of  this  in- 
crease. Machinery  of  12,000  to  15.000  hp.  will  be  installed  at 
once,  but  the  plans  are  so  arranged  that  it  can  be  increased 
to  50,000  hp.  When  completed  Kraftwefk  Stettin  will  be  one 
of  the  largest  plants  in  Germany  for  the  production  of  elec- 
tric current.  The  buildings,  to  be  located  on  the  water- 
front, will  comprise  boiler  hou.ses,  engine  rooms,  and  facilities 
for  unloading  and   storing  coal.      Steam   ,iower  will  be  used. 
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Vacua  Hot-Water  Heating  Applied  to 
Woolworth  Building* 

By  Iua  N.  Evans 

From  time  to  time  articles  have  appeared  presenting 
the  feasibility  of  operating  the  power  equipment  of  office 
buildings  with  condensing  engines  or  turbines  in  connec- 
tion with  a  cooling  tower  and  a  hot-water  heating  system 
under  forced  circulation,  utilizing  the  exhaust  steam 
under  partial  vacuum.  It  is  the  purpose  of  the  present 
article  to  compare  the  operating  economies  of  such  an 
installation  applied  to  the  Woolworth  Building  with  the 
present  equipment  of  vacuum  heating  and  uoncondensing 
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Fig.  1.    Elevation  of  Pkoposed  Layout 

compound  engines,  as  described  in  the  June  24  issue  of 
PowEK.  It  should  be  understood  that  criticism  of  pres- 
ent methods  is  not  intended  and  that  the  proposed  ar- 
rangement could  only  be  applied  to  a  building  before  con- 
struction. The  subject  can  only  be  treated  briefly,  due 
to  the  allotted  space,  but  discussion  of  this  paper  is  in- 
vited in  order  to  bring  out  any  fallacy  in  the  reasoning 


In  view  of  the  low  dividends  on  investments  in  build- 
ings of  this  class  and  the  strides  that  have  been  made  in 
the  economy  of  condensing  equipment  and  turbine  con- 
struction,  it  is  singular  that  these   improvements   have 
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not  been  emj^loyed  in  this  line  of  work.  Turbines  and 
condensers  have  not  been  successful  under  these  condi- 
tions mainly  on  account  of  the  fixed  temperature  and 
pressure  required  for  the  steam-heating  .system.  The  heat- 
ing apparatus  has  a  cooling  capacity  in  winter  equivalent 
generally  to  the  average  power  load  on  the  plant,  which 
could  be  utilized  at  no  expense  if  modified  to  suit  the 
requirements  of  a  variable  temperature  of  the  medium. 

Central-station  men  are  constantly  giving  out  data 
showing  the  excess  of  the  steam  required  for  power  over 
that  required  for  heating,  and  using  it  as  an  argument 
for  making  contracts  for  central-station  current.  They 
are  correct  in  some  respects  and  their  argument  should 
be  met  by  modifying  the  heating  system  as  indicated  in 
this  paper  rather  than  by  reducing  the  engine  economy  to 
suit  the  heating  system. 

Due  to  its  temperature  range  hot  water  is  acknowl- 
edged, from  a  sanitary  and  economic  standpoint,  as  the 
best  heating  medium,  and  in  the  proposed  arrangement 
no  greater  radiation  ik  necessary  than  for  vacuum  steam 
heating.  The  present  system  requires  expensive  pipe 
galleries  and  a  20-in.  main  dividing  into  an  18-in.  for 
the  main  building  and  a  10-in.  main  for  the  tower.  Large 
risers  are  required  at  each  pilaster,  to  say  nothing  of  tiie 
loss  of  space  due  to  furring  into  the  room  to  conceal  them. 
The  covering  of  mains  and  risers  is  an  item  as  expensive 
as  the  piping. 

In  this  particular  building  a  condensing  apparatus  is 
provided  at  considerable  expense  in  operation  and  fir.st 
cost  merely  to  reduce  the  appearance  of  the  exhaust 
steam  on  the  roof.  This  apparatus  would  be  entirely 
inadequate  to  produce  any  vacuum  on  the  engines  even 
if  the  piping  system  could  be  made  air-tight,  which 
would  be  next  to  impossible  on  so  large  a  system. 

The  description  states  that  all  returns  are  brought  to  a 
vacuum  pump.  If  the  returns  from  the  upper  stories 
were  reduced  in  size  the  falling  water  would  produce 
ample  vacuum.  It  would  be  possible  with  a  rotary  air 
pump  to  return  all  condensation  from  the  tower  by 
gravity  to  the  boilers  direct.  The  pump,  motor  driven 
in  the  upper  stories,  would  not  be  required  to  handle  any 
water  at  all.  If  the  twenty-ninth  floor  was  350  ft.  from 
the  water  level  of  the  boilers  the  head  would  be  equiva- 
lent to  150  lb.  pressure. 

The  direct  radiation  is  given  as  104,000  sq.ft.,  which 
will  be  used  throughout  this  discussion,  and  178,000  cu.ft. 
of  air  are  required  for  ventilation,  this  amount  being 
heated  from  the  outside  temperature  to  70  deg.  Two 
comparisons  of  steam  and  hot-water  heating  will  be  made, 
one  including  ventilation  and  the  other  without  the  venti- 
lation. In  the  latter  case  10  per  cent,  will  be  added 
the  direct  radiation  to  make  up  for  the  elimination  of  the 
air  supply.  This  method  is  followed,  as  few  of  these 
buildings  have  provision  for  extensive  ventilation  and  it 
is  desired  to  make  the  comparison  as  broad  in  its  ap- 
plication as  possible. 

For  air  supply  and  exhaust  the  total  air  handled  is 
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given  at  417,000  cii.ft.  per  miu.,  and  assuming  that  1500 
cu.ft.  will  require  1  hp.,  279  hp.  or  about  200  kw.  will 
be  the  power  load  for  these  motors.  For  the  power  load 
without  ventilation  150  kw.  will  be  deducted.  Table  4 
gives  the  number  of  hours  for  each  assumed  load  for  the 
year  with  and  without  ventilation  and  therefore  the  total 
kilowatt-hours.  The  data  were  assumed  partly  from  the 
units  installed  and  the  power  loads  given  and  are  in- 
tended for  the  condition  when  the  building  is  well  oc- 
cupied. A  complete  shutdown  of  3  to  3  hr.  is  provided 
at  night,  which  will  deduct  about  1000  hr.  from  the  total 
period  of  operation.  The  load  factor  is  given  as  32  per 
cent,  when  ventilation  is  included  and  27  per  cent,  with- 
out. The  holiday  and  night  load  in  winter  may  be  dis- 
legarded  as  the  heating  at  all  times  will  require  more 
steam  than  would  be  furnished  by  the  power  load.  The 
fresh-air  supply  is  only  considered  to  be  in  operation  dur- 
ing the  1545  hr.  in  winter  and  1100  hr.  in  .summer,  the 
night-heating  load  including  only  the  direct  surface.  The 
above  table  of  hours  was  made  \\\i  from  the  weather- 
bureau  reports  and  the  calendar ;  and  allowances  made 
for  the  half  holiday  Saturday  and  Sundays,  with  a  10- 
hr.  working  day. 

Figs.  1  and  2  give  the  general  arrangement  of  piping 
and  mains  for  the  main  building  and  tower,  the  heavy 
lines  indicating  the  lower  section  and  the  lighter  lines 
the  upper  section.  The  heaters  filled  in  on  Fig.  1  are  on 
the  fifteenth  floor  while  those  in  dotted  lines  are  in  the 
basement.  The  hot-water  system  is  thus  divided  into  four 
sections.  All  connections  to  exhaust  heaters  would  be 
made  from  the  main  exhaust  to  the  roof.  This  main 
would  require  an  automatic  relief  valve  at  the  top  and 
would  have  to  be  made  air-tight,  although  not  over  23  or 
24  in.  maximum  of  vacuum  would  be  carried,  as  in  sum- 
mer this  line,  except  for  relief  purposes,  would  be  shut 
off. 

Each  riser  has  two  returns  and  one  supply.  There  are 
four  supplies  to  each  section  in  Fig.  1  with  a  li4-iii-  or 


ijig  system  that  without  interference  with  the  operation  of 
the  remainder,  only  a  comparatively  small  section  need 
be  drawn  off  at  one  time. 

This  arrangement  brings  a  supply  for  the  lower  sec- 
tion and  return  from  the  upper  section  in  the  fifteenth- 
floor  corridor,  a  5-in.  supply  for  the  upper  system  in  the 
'V Ik" 


Fig.  2.   Plan  of  Heatkr  and  Pump  Connections 

roof  space  and  a  5-in.  return  in  the  basement  or  sub- 
basement  for  the  lower  section.  The  largest  main  for  the 
upper  section  would  be  7  in.,  for  the  lower  section  with 
the  indirect,  10  in.,  and  the  supply  for  both  sections  in 
the  tower  would  be  5  in.  The  heaters  for  the  tower  wouk? 
be  at  the  fortieth  floor  with  a  similar  arrangement  of 
mains. 


TABLE  1. 

DAY    HEATING   AND   POWER  WITH    VENTILATION  (1545  HR.) 

Outside 
Temp. 
Periods 

Hours 
Each 
Period 

Per  Cent. 
Max, 
Load 

Vacuum 
In. 

Steam  Rate 
SOO-Kw. 
Turbine 

Lb.  Steam  per 
Hr.  for  Heating, 
40,000  X  Col.  C. 

Kw.  Load  to    Total  Prob- 
Balance       able  Load  ot 
Heating         Red.  Vac, 
F  ^  E                Kw. 

Heating  Steam 

per  Hour 

from  Power,  lb., 

H  XE 

Heating  .Steam 

for  Each 

Period,  lb., 

I  XB 

Total  Kw.-H 

on  Heating 

HXB 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

0—10 
10—20 
20—30 
30—40 
40—50 
50—60 

10 
50 
205 
SCO 
350 
430 

92 

82 

72 

62 

51.7 

38 

0 

6.4 
11.5 
17 
22 
26 

42 

38 

34.5 

30.2 

26.5 

22.5 

36,000 
32,800 
28,800 
24,800 
20,680 
15,200 

876 
863 
834 
821 
780 
676 

900 
900 
900 
900 
850 
750 

37,800 
34,200 
31,050 
27,180 
22,525 
16,875 

378.000 
1,710,000 
6,365,250 
13,690,000 
7,883,750 
7,256,250 

37,183,250 

9,000 
45,000 
184,500 
450,000 
297,500 
322,500 

1,308,500 

TABLE  2. 

NIGHT  HEATING  WITH  HOT 

WATER.  DIRECT  RADIA- 

Eafll 

arrJoA    flirmio 

h    t,.r^    ot/,,., 

TION  ONLY 


Lb.  Steam  per  Hr. 


Outside 

Hours 

Av.  Ten 

Temp. 

Each 

Wate 

Periods 

Period 

Deg.  1 

A 

B 

D 

0—10 

56 

200 

10—20 

214 

190 

20—30 

624 

176 

30—^10 

971 

163 

40—50 

781 

143 

50—60 

354 

122 

lOpP  .  Steam  for 

Temp.  Water  1/b.S  Each  Period 

Less  70°         176.8XCol.  E     Lb.     BXF 


22,984 
21,216 
18,741 
16,442 
12,906 
9,200 

10  per  cent. 

1,287,104 
4,540,224 
11.694,384 
15,965,182 
10,079,586 
3,256,800 

46,823,280 
4,682,328 

Tot.TJ, 

51, .505,608 

]l/2-i»-  pipe  along  the  base  at  eacli  floor  from  which  the 
radiators  are  shunted.  Each  of  these  lines  will  have  up 
to  700  sq.ft.  of  surface  and  be  uncovered.  A  valve  at 
each  end  and  a  permanent  drawoft'  so  subdivide  the  heat- 
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with  a  space  of  about  20x10  ft.  This  could  be  found  ad- 
jacent to  the  traction  elevator  machines.  All  pumps 
would  be  motor  driven  and  arranged  as  shown.  All 
heater.s,  both  live  and  exhaust  steam,  on  the  fortieth 
floor,  and  the  live-steam  heaters  on  the  fifteentli  floor, 
would  be  arranged  to  return  the  condensation  to  the 
boilers  by  gravity.  Possibly  a  dry-air  pump  may  be 
needed  for  the  exhaust  heaters  on  the  fortieth  floor,  but 
the  exhaust  heater  on  the  fifteenth  floor  would  be  oper- 
ated in  conjunction  with  the  condensing  apparatus. 

This  arrangement  of  mains  will  eliminate  the  pipe  gal- 
leries entirely  and  may  be  likened  to  a  system  having  the 
mains  running  vertical  with  the  pipes  corresponding  to 
the  ri.sers  horizontal.  Tn  Figs.  1  and  2  two  lines  are 
shown,  but  they  represent  one  for  the  upper  and  one  for 
the  lower  section,  there  being  only  one  at  each  floor  iu 
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;uiv  cat-c.     Tlir  t(MnlX'riitii]-e  of  liio  lioiiliiii;-  nu'iliiiiii   will  Talilc   1  gives  the  lu'iitiii.s  hiad  mi  tlu'  luit-watur  sysU'in 

be  rogulaled  in  all  ease.s  by  vaniiij:-  tlie  \aeuiiiii  ami  can  with  \entilali(iii  and  llu>  steam  e(iiisiiiii]itiiins  on  a  500-k\v. 

lie  done  entii-ely  from  the  basement.     Only  ei.ulil  pilasleis  turbine  witli  an  hourly  load  that  will  exactly  balanee  the 

are  required  to  he  furred  and  the  risers  will  be  5  in.  I'e-  heating  for  1545  hr.    The  maximum  load  days  with  venti- 

dneing  to  2  in.     Covering  is  necessary  only  on  the  hori-  latioii  is  as  follows: 

zontal  mains,  healers  and  perhaps  the  vertieal  risers.     All  Direct  l?ad.: 

runouts,   11/^   ami    II4    in.   )nay  lie   left    umoxered.   con-  ]0[.i)oo  sq.fl.  X   1.";   IS. 1. 11.  X   (."'1" —  '•')   = 

cealed  or  e.xposed  as  desired.    They  may  be  used  for  heal-  24.752  000  B  I  11 

ing  surface  as  the  water  temperature  is  changed  to  suii  ^j,.  ^.ininh  : 

outside  weather  conditions,  while  the  steam  system   has  p^  ooq   ,     ♦•/ 

a  nearly  constant  temiierature  for  all  surface  turned  on.  — ^—— — -f — ^  X  •>'•  hiin.  X  Tn  '/('(/.  =   I  l,i)5"4,00()  B./.ii. 

The  cooling  tower  for  1000  kw.  capacity  would  take  a  '•    ' 

space  in  the  basement  or  upper  floor  of  20  ft.  in  hcighl  ;!9, 704,000  B.I. 11. 

and  two  diameters  of  18  ft.     This  could  not  be  placed' on  The  maximum  load  will  be  taken  as  40,000  lb.  of  steam 

T.\BI.E   3.     DAY   HE.\TING  AND   POWER  WITHOUT   VEXTIL.\TION   (154.5  HR.) 

Steam           Lb.  Steam  per  Kw.  Load            Total              Heating  Steam    Heatinc   Steam 

|)ut^icle              Hours       Per  Cent.                                Rate                   Hr.  for              to  Balance        Probable            per  Hr.  from            for    Eaeli  Total    Kw -Hi 

Temp.                 liacli              Max.           V:iruum          .WO-Kw.       Heatine,  27,OI)tl  X  Heating       Load  on  Red.          Power,  lb..               Period,  lb.                  on  Healine 

Periods             Period            I.o.id               In.              Turbine              Col.  C.  F  -=-  E           Vae.,  Kw.                 HXE                    IX  B                      HXB 

A                       B                   C                   D                     E                           F  G                       H                            I                                J                                  K 

()— 10                  10                  i)2                  0                    42                        24.840  .Wl                    floO                        27,300   '                  273,000                         6,300 

10—20                   30                   82                   (3  4                 38                          22,140  582                     600                          22,800                  1,140,000                        30,000 

20—30                205                   72                 11.5                 34.5                      19.440  .563                     600                          20,700                   4,243..5«0                       123,000 

30 — 40                500                   B2                 17                     30.2                      16,740  334                     600                          18,120                   0,060,000                      300,000 

40— .50                330                   51.7            22                     26.5                      13,9.50  .527                     .350                          14..575                   5,101,250                       192,.50O 

.50—60                 4.30                   .38                 26                     22.5                      10,21)0  4.56                     .500                          11,250    '               4,837,500                      215,000 

24,655,250  867,000' 

ihe  roof  as  the  head  would  i)e  too  great  for  the  condenser  and  j)ercentages  used  in  Table  1  giv(>  the  proportion  for 

and  circulating  ]niin])s,  although  not  impossible.    It  could  each  outside  period  and  length  of  time.     A  summary  of 

be  rigged  in  conjunction  with  the  outlet  for  the  exhaust  Table  1  is  that  1,308,500  kw.-hr.  are  obtained  from  37,- 

ventilation  which  would  reduce  the  size  of  cooling  tower  183,250  lb.  of  .steam  ftn-  1545  hr. 

,ind  cost  nothing  for  air  circulation.     Its  location  might  Table  3  gives  ihe  same dala  for  a  hot-water  system  with 

he  in  the  basement  with  a  tlue  leading  to  the  roof.  no  ventilation.      The   result   here   is  867,000  kw.-hr.   for 

.\ll   water  for  the  hot-water  .service,  air  washing  and  24,655,250  lb.  of  steam.     The  heating  systems  of  these 

that   necessary  for  flushing  closets  could  be  taken  from  buildings  are  o])erated  continuously  in  most  cases  as  it  is 

ihe  circulating  line  to  the  cooling  tower,  thus  reducing  desirable  to  keep  the  sy.stem  free  from  air,  as  well  as  to 

the  city  water   necessary  for   condensing  purposes  by   a  avoid  the  expeu.se  of  heating  up  in  a  .short  space  of  time, 

considerable  amount.     A  driven  well  of  small  capacity  As  a  result   radiators  are  left  turned   on   and   windows 

v\(Uild  also  answer  even  if  the  water  was  unfit  for  feed  opened   due  to  overheating,  thus   increasing  the  heating 

jiuri^oses.     These  olieralioiis  comliined  would  reduce  the  load.     All  the  water  has  to  he  handled  by  vacuum  pumps 

water  bill  appreciably.  The  turbines  and  conden.sers  would  and  boiler-feed  ])umps  at  some  expen.se  during  periods  of 

occujiy  only  about  one-quarter  of  the  space  provided  for  power  load  when  a  surplus  of  exhaust  steam  is  available. 

TABLE     4.     POWER     LOADS 

Power  Load  with  Ventiktion                                                             Load  without   Ventilation 

Total  Hours       Hours  Servire  Total            Kw.-Hr.    When       Kw.  Loail                 Total             Kw.-hr.  When 

Eaeh  Period        Each  Period  Kw.-Hr.              Power  Is  in                                             Kw.-Hr.             Power  la  in 

Periods                                                                                            Kw.  Load  E.\cess  Heating                                                              Excess  Heatini; 

Peak  load  winter 60(11                     ,  . ...                        1300  7.SO,000          '  i  70=  nnn                      115"                     690,000          1   ,  joq  0-0 

Average  da.v  load  winter 945  |                      ^'^■^                        KKHJ  n45,(KH)          ,  >,'-o,uuu                       g-j,                     803.2.50          /  l,49.J,..iO 

Holiday  and  night  load  winter  beat 

in  excess  power .3491                      3(H«1                        .300  900,000                                                  250                    730,000 

Summer  day  load 1100                      IKX)                        900  990,000         1                                        750                    .S2.5,000         1 

Summer  night  load 2310                      1800                        30(1  .540,000          v  1,. 592,000                     250                    4.30,000          i  1,. 3.37,000 

Summer  holiday  load 310                        310                        200  (i2,(X)0         )                                        200                      62,000         j 

Totals 87.56                        77.55  4,217,0(H1                                                                              3,.580,2.50 

4,217,IX)0          .,.,  ,r-  1      It     .                                                               3,580,250           ,,  „„  ^  ,      ,, 

8756  X  1500  =  •'-'  '  "'  '"•■"'  f--"''"^                                                              875irxl5(X)  =   "^  -^  -  '"-d  '— 

the  reci]n'Ocating  engines,  although  on  the  whole  the  total  The  .gravity  return  of  condensation  on  the  hot-water  .«ys- 

^jiace  occupied  by  the  generating  units  and  hot-water  con-  tein  and  ea.se  of  regulation  of  the  heating  medium  does 

densiug  equipment  will  be  about  the  same  as  for  the  en-  away  with  these  losses,  hut  no  credit  is  allowed  in  the  op- 

gines  and  steam  system.     The  required  space,  however,  crating  expense. 

could  be  iu  less  valuable  sections  of  the  building,  such  as  The  hot-water  .system  will  lend  iLself  to  intermittent 

>]iaces  adjacent  to  corridors  or  elevators.  operation  easier  than   the   steam  system,   as   all   that  is 

With  a  transmission  of  1.7  B.t.u.  per  sq.ft.  per  deg.  necessary  is  to  turn  steam  on  the  heaters  and  start  the 

difference.  Table  2  gives  the  steam  for  hot-water  night  pumps.     The  turbines  rei|uirc  no  cylinder  oil,  thus  elim- 

heating,  with  the  direct  radiation  only,  as  46,823,280  lb.  inating  all  muffler  tanks,  pumps,  receivers  and  oil-separat- 

for  3000  hr.     Adding  10  per  cent,  to  this  gives  as  the  ing  apparatus  on  the  main  units. 

steam    requirements    for    the    hot-water   system    without  For  different  vacuums  the  steam  consumption  on  the 

ventilation   51,505,608  lb.   for  the   same  interval.     The  turbine  is  given  in  Tables  1  and  3.     Xo  work  is  required 

load  on  the  .«team  system  will  be  taken  at  24,000  lb.,  and  of  the  condenser  further  than  regulating  the  vacuum  and 

■?<).400  lb.  per  hr.  with  and  without  the  ventilation  and  preventing    the    heating    medium    from    becoming    over- 

with  a  load  factor  of  75  per  cent.,  which  is  low.    Thus  heated.     For  the  reciprocating  engine  35  lb.  per  kw.-hr. 

24.000  X  '^-75  X  3000  /)/•.  =  54,000,000  Ih.  is  taken  as  the  .steam  consumption,   and   24  lb.  for  the 

26.400  X  <1.75  X  3000  In:  =  59.400,000  //;.  turbine  under  27  to  28  in.  of  vacuum. 
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From  Tables  1,  •'!  and    1  it  may  be  seen  that  from  300  $1004,  for  the  exhaust  steam  wasted  to  the  atiiiosphcre. 

Ill  .")II0  kw.  ean  he  (iperateil  at  full  vaeuum  over  a  large  The  total  ehariie  for  i-oal  aihl  water  would  be: 

l)ait  of  the  time.     In  Tahle  1,  S'OO  kw.  is  required  for  7256  tons  at  ss.ii 

healing  under  partial  vacuum  while  Tahle  4  gives  1000  wlfr-r"' "*  *'''"' 
t(i   1300  kw.  as  the  iinwci'  Iciad.     In  Table  3  it  is  shown  ^  ,  , 

I  l(>l:tl 83S213 

tliat  GOO  kw.  is  rtMiuiii'd  i'tiy  healiiiij  wliile  350  to  550  kw.  i>  ,•      ■        .      't'  1  1       ,      ,         1    ,     ,                  .         ,     '"  , 

ni               <    1         I    II  l.elerriii--  1(.    tallies   1.  'i   and    i    the  cost   ot   coal   and 

could  he  (iiieratcd  111!   lull  \acuuiii.  ,        f       .1       1     .         i                           ■,,            ,  .,    ,. 

P        ■       I   ,         ,1          ,       ■     ti      1    +       f           <         1,-1  "i"''!'  Ji'i'  the  hilt-water  system  with  ventilation  may  he 

hnr  ( li-ciiiatinu   the  watci'  in  the  hot-water  svsteni,  10  ,.          -,  .             .    ^.               •'             ,.,,•,-,,, 

,           111              ■     I  I-           1      I-  ,1     1                I    '      KA  1  h.aiired  111  iiuuh  the  same  way.     tor  the  winter  day  load 

11).  wi      be  reiiuircd   Inr  each  nl   llie  tower  systems,  50  hli.  ■,   •      ,            ■     rn  ,,-,,,,   ,,                 ^  „,   ,  ...     ,        , 

'     ,,     ,                ,.          .,,    ,1           ,.,   ,.        •    1.,,',       f  it  IS  shown  111  Table  1  that  there  are  1,308,500  kw.-hr.  on 

for  the  lower  sect with  the  ventilation  and  30  hp.  lor  ,1      i      .■          1  ■  1            ■      .t^-ioo  ^>r.^  H       !•    ,              rr,, 

,,                        +     r  ,1                 i      ir              I-        1AA  1        •  the  heating  which  require  37,183,850  lb.  ot  steam.     Then 

the  uiiper  iiart  ol   the  mam  liuilding,  making  100  hp.  m  ,,       »  ,    1    1      1    ,■       ,1  ■           •    ,    ■     ^  ^,~,.^,    , 

,,      ''.-,'         V   .1          ■     I     J.  •         ■       .1                  4.       •  '"^    fli''   ti'tal    load    lor   this   iieriod    is   l,78a,000   kw.-hr., 

all,  or  I.)  kw,     .\otliinn  is  lost  111  using  the  power  to  cir-  .          ,■ 

1          1                         I             ,       •     ,          1    ■       1,                 1  steam  Iniiii 

culate  the  water  as  the  ineclianical  fliirk  is  al    returned  ,  ,.,.  „,,„          ,  .,,,  ,  .     ,          , ,  ,  ,.        ,       , 

.     ,      ,     -,      ,     ,  ■  ,■         rpi                       ,         ■    ,       ,  l.r.'.i.noi)  —  i,.;o,s. .)()((  =  41(;,.iiio  kir.-hr. 

ill  heat,  due  to    Inclinn,      1  he   iiuniiis   work  against  oiilv  ■,,          j      ,1              ,                   1          ,• 

.,,..,.         I        ,      I         ,        ,         '1      .          ,•   .1            ,              ',  "ill   :~^'   to   the   condenser  and    cooling   tower.      The   total 

the  triction    head.  t\uv  to  the   \clocitv  ol    the  water;  and  ■    1  i      .•     .               n    ,1         , 

,,          ,         ,    .         ■,        ,  •       I      ,      .        ■  ,,   -      ,                  1-  weight  lit   steam   will   tlieii   be 
tiie  exliaiist  is  iitih/e.i  m  the  heater.     It  is,  liowever,  Inc- 

steam  oiiei'ation   when   there  is  a  suriilus  of  steam  from      ,  one -Mm      1 

'  1  l,,il)S,olHI  kw  -hr 

other  stiurces.     To  make  the  comparison  conservative  the      t'-'iio'SJjY"'"',- "*  ^tl'V,  ■; ■.  ■  ,■ 

„  ,  ,  f  ,,,   ,  ,  n  1         l.a92,000kw.-hr.  at  24  lb.  (summer  load) 

entire  piimpage  tor  the  water  system  will  be  charged  and  ii5,s7.5  kw.-hr.  at  24  ib,  (pumpage) 

no  allowance   made   for  the  steam  used  by  the  vacuum  Tuii.i 

]ium[is  during  the  same  period  011  the  steam  system,  al-  ^,^5  -^^j^  .•,^^^ 

though  the}-  use  aliout   1  "^O  lb.  jicr  lip.-hr.     The  ]iunipagc,  S  X  -HtOU 

liowever,   will    be   charucd   at    the    lull   vacunni   rate  of  24 

lb.   per  kw.-hr.      At    iimhl    the  cost    of   punii.ing   will   be  ^'•''""   '^^"''l'^'  '-   ^'"^^  ^^^^am   for  night  heating  amouuls  t 

nothing,  due  to  an   inade.piate  supply  ot  exhaust  steam.  ■I6,.S83,;'80  lb.     Tn  coal  this  would  require 
The  dav  steam  for  iiuin|iing  would  then  be  40,833,280 

'l.-)t:)  ///•,  X    '•■>  /.•'/■.   X  2  1  //-,  =  2,781,000  //;.  8  X  2000 

of  steam.     In  charging  the  water  tor  the  condensing  sys-  Water   for  the  cooling   tower,   ]>iiund    for    pound,    wif 

Icni  a  pound  of  water  will  be  iiseil  ]ier  jiound  of  exhaust  amnuiit   to 
sleani  condensed  at   a  cost  ot  $1   ]ier  10(10  cu.ft.     The  loss 

on  the  steam   svsteni   will  he  all   that  is  not  required   for  f I'i^*'" 'jT'-'^'V  "*  T*  IV  ,  ,     ,. 

1  1,592,000  kw.-hr,  at  24  lb.  (summer  load) 

heating,  as  it  will  go  to  the  atmosphere.  

Tn  Table    I  the  kilowatt-hours  of  power  for  the  winter 
dav  load  is  uixcii  as  1,72.'i,0(iO  and  for  the  total  summer 


Pnulul- 
37,18.3,2011 

9,99(),()()0 
38,208,1)00 

2,781,00(1 


=    5510   foils 


2!»2(;  /iiii.- 


115,875  kw.-hr.  at  24  lb.  (pumpage) 

Total 

50.085,000 


Pounds 
9,996,00,1 
38,208,000 
2,781,000 

.50,985,00 


load  as  1,51)2.(11)0.  The  rate  ]ier  kilowatt-hour  for  the 
engines  was  ])re\  imisly  gi\eii  as  35  lb.,  so  that  the  total 
steam  consumption  would  be 


=  815, TOO  rii.ff.   =  ^XM; 


Then,    as    bel'ore,    ihe    total    charge    for    coal    and    watt 
would  be 


Total 11(1,09.5,000  lb. 

A  charge  of  $3,50  will  he  allowed  for  fuel,  ash  haiul- 

ling,  etc.,  and  an  c\  a|ioratiiiii  of  8  lb.  of  water  per  pound 

of  coal.     Then 

IK), 095,000       ^..  .  , 

— -^^ =  725(;  fii/is 

S  X  2000 

Night  heating  mi   diri'ct  radiation   only   for  :!()()()  hr.  will 
amount  to 

24,000  X  0.75  X   ■''>t)0  =  54.0))().()()0  Ih. 

54,O<.)0,000       ., 

Tx-^ooo  =-'-'^''"'"- 

The  water  used  may  he  totiiled  up  as  follows: 


of  4l),(K)0  lb.  per  lir.) 


Differenei 


14,025.000 
55,720,000 


Total r,9,745,000 

Reducing  the  aliove  total  to  cubic  feet  and   deducting 
10  per  cent,  for  teed  gives 
(ii), 745,000 


(\2.5 


=  1,115,1)20  ni.ff. 


1,115,020  —   (0.10   X    1,115.!)2())    =    1.004.328   cii.ff. 
At   $1    per   1000  cu.ft.   the   water  hill   would    amount   to 


Total $30,:i42 

The  same  computations  arc  now  made  for  the  steam 
and  hot-water  systems  without  ventilation  and  allowing 
10  per  cent,  more  direct  surface.  From  Tahle  4  the  total 
weight  of  steam  for  the  steam  system  will  be 

I'oilii.ls 

52,2113.7.50 

Ki.slli.llOO 


!)!).07!),75() 


fl!'.)2  /-///.- 


8  X  2000 

Xiglit  heating  on  direct   radial  ion   for  :!<I0(I  hr.  at    7." 
per  cent,  load  factor  will  amount  to 

26,400  X  0.75  X  :S000  =  5i),4()0,000  Ih. 
59,400,000 
8X2000    ^■'''■'^""^ 

The  water  is  figured  as  in  the  prcxioiis  case. 


Diffi-rei 
Sumnier  load 


21,t>72,7.50 
46,81I1,(K)0 


68,488,750 
6375 


1,005,820  ri/.f/. 
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Deducting  10  per  cent,  for  feed  leaves  986,238  cu.ft.,  giv- 
ing $986  as  the  cost  of  the  exhaust  steam  wasted  to  the 
atmosphere. 

The  total  coal  and  water  costs  would  then  be 


with  hot  water  and  condensing  apparatus.     Considering 
only  the  day  operation  the  saving  would  be  as  follows : 


6192  tons  at  »3.S0. 
3712  tons  at  $3.50. 
Water.  . 


Coal 
Tons 
7250 
4660 


Water 

1000 

cu.ft. 

10O4 

799 


Cost 

Fuel 

$25,396 

16.310 


Total 

$26,400 

17,109 


Total $35,650 

Following  are  the  data  for  the  hot-water  heating  sys- 
tem without  ventilation.  According  to  Table  4  the  total 
winter  day  load  is  1,493,250  kw.-hr. ;  from  Table  3  the 
kilowatt-hours  on  heating  are  867,000  and  require  24,- 
655,250  lb.  of  steam.     Then 

Pounds 

1.493.250— 867.000  kw.-hr.  at  24  lb 15,030,000 

567,000  kw.-hr.  (heating) 24,655.250 

1,337,600  kw.-hr.  at  24  lb.  (summer  load) 32,102,400 

Pumpage.  same  as  before - 2.781,000 


Total 


74,568,650 
8  X  2000 


=  4660  tons 


T.\BLE    5. 
Hot  Water  Condensing  i 

Coal  Days  Coal  Nights 
Tons  Tons 

7256  3375 

5510  2926 


Engineers  quite  generally  recommend  that  as  the  ex- 
haust steam  is  available  from  the  power  load,  it  may  be 
used  for  ventilation  ■nathout  cost,  which  is  not  the  case 
under  condensing  conditions.  It,  however,  is  not  the  pur- 
pose of  this  article  to  suggest  the  inadvisability  of  venti- 
lation, but  that  it  should  be  properly  charged  for. 

The  initial  costs  of  the  two  systems  would  be  in  favor 
of  the  water  system  with  the  turbine  equipment.  The 
use  of  reciprocating  engines  would  not  change  the  per- 
centage of  saving,  but  the  initial  cost  would  be  greater  as 
well  as  the  required  space.  The  saving  due  to  the  use 
of  condensing  equipment  is  24  per  cent.,  and  is  not  af- 

SUMMARY   OF   RESULTS 

.  Steam  Noncondensing  with  \'entilation 

Water  Coat  Coa!  Cost  Ck)al 

1000  cu.ft.  Days  Nights 


74,568,650 


Cost 

Water 

$1004 

S16 


Total 

Cost 

$38,212 

30,342 


Coal  Nights 
Tons 
3712 
3219 


Water 

1000  cu.ft 

986 

799 


Without  Ventilati< 

Cost  Coal 

Days 

$21,672 

16,310 


Cost  Coal 

Nights 

$12,992 

11,266 


Coal  Days 
Tons 
7256 
6192 


187 


Cost    of    Ventilation    on    Both    Systems 


Cost 

Water 

$986 

799 

$187 


Total 
Cost 
$35,650 
28,375 


I 


St«am     Noncondensing 


Water 

1000  cu.ft. 

1004 


1.8 


Cost 

Fuel 

$25,396 

21,672 


Cost 
Water 
S1004 


Total 

Cost 

$26,400 

22,658 


Coal  Days 
Tons 
5510 
4660 


Hot  Water 

Water 

1000  cu.ft. 

816 

799 

17 


Condensing 

Cost 

Fuel 

$19,285 

16,310 


Cost 

Water 

$816 

799 


In  Table  2  the  steam  for  night  heating  is  given  as 
46,823.280  lb.  Adding  10  per  cent,  for  the  increased 
radiation  makes  this  51,505,608  lb.     Then 

51,505,608       .,„,,  , 
8  X  2000 

Water  for  the  cooling  tower  is  as  follows : 

Pounds 

1.493,250 — 867,000  kw.-hr.  at  24  lb 15,030,000 

1,337,600  kw.-hr.  at  24  lb.  (summer  load)    .  32,102,400 

Pumpage 2,781.000 

Total...  49,913,400 

H^^IM!!?  =  708,614  =  1.790 
62.5 

Adding  the  coal  and  water  costs,  as  in  the  previous  cases, 
gives  the  following  total: 

4660  tons  at  $3..50 $16,310 

3219  tons  at  $3.50..  11,266 

Water 799 

Total $28,375 

Table  5  gives  a  summary  of  the  data  and  shows  a  sav- 
ing of  about  20  per  cent,  in  the  cost  of  coal  and  water 
in  favor  of  the  hot-water  system.  Undoubtedly  the  night 
operation  on  the  hot  water  as  against  steam  will  show  a 
much  larger  saving  in  practice.  As  the  ventilation  is  not 
operative  except  during  day  periods,  it  would  be  of  in- 
terest to  see  what  it  actually  costs  over  direct  radiation 


fected  appreciahly   by  the  night  heating  load  as  at  the 
time  the  exhaust  steam  is  insufficient. 

The  results  of  the  analysis  show  a  reduction  in  neces- 
sary boiler  power  of  20  to  25  per  cent.,  or  at  least  464  hp. 
A  total  of  2000  hp.  would  give  as  large  reserve  power  as 
the  present  system  with  2464  hp.  The  cost  of  piping  and 
pipe  covering  on  the  water  system  would  be  considerably 
lower,  notwithstanding  that  a  supply  and  return  of  the 
same  size  are  required  on  the  water  system.  This  differ- 
ence will  be  assumed  to  l)e  $5000  in  favor  of  the  hot- 
water  system.  The  muffler  tanks,  vacuum  pumps,  oil- 
separating  apparatus  on  the  steam  system  are  unneces- 
sary with  hot  water  and  are  included  in  the  $5000  item. 

Steam  System  W^ater  System 

1500  kw.  in  compound  engine  1500-kw.  turbines  and  gen- 

and  generators  of  100  r.p.m  erators  at  $20 $30,000 

at  $35  per  kw.  with  founda-  Cooling  tower  and   conden- 

tions $52,500         sers,  1000  kw.  at  $20 20.000 

2464  hp.  in  boilers  at  $20 49,280     Heaters  and  pumps  in  hot- 
Excess    cost    of    piping    and                            water  system 1 5,000 

covering  over  water  system  3.000     2000  hp.  boilers  at  $20 40,000 

3000  vacuum  valves  at  $4. .  .  12,000     Incidentals  and  msc.  items, .           4,000 

$118,780  $109,000 

The  above  shows  a  conservative  difference  of  $9780  in 
favor  of  the  water  system  in  cost  of  installation.  The  20 
per  cent,  in  operating  expense,  amounting  to  $7800  for 
this  particular  building  for  fuel  and  water,  if  capitalized 
at  5  per  cent.,  a  large  net  income  for  most  buildings  of 
this  class,  would  mean  an  equivalent  reduction  in  in- 
vestment of  $156,000. 
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Giving  the  Central  Station  an  Opening 

III  a  large  building  in  a  Southern  city,  an  isolated 
plant  had  been  giving  such  poor  service  that  the  com- 
pany seriously  considered  shutting  it  down  and  purchas- 
ing its  current.  A  consulting  engineer  was  called  to 
thoroughly  investigate  the  plant  and  make  a  report  of 
its  condition.  The  results  obtained  by  the  engineer 
showed  an  unusual  lack  of  care  and  waste  in  the  opera- 
tion of  the  plant.  It  is  small  wonder  that  a  change  was 
contemplated,  for  the  conditions  existing  would  indicate 
that  a  cheaper  rate  could  be  obtained  from  the  central 
station. 

It  goes  without  saying  that  a  plant  requires  some  en- 
gineering ability  and  care  in  its  operation  and,  naturally, 
the  equipment  must  be  kept  in  good  operating  condition. 
Good  results  cannot  be  expected  without  this  attention, 
and  the  engineer  who  allows  a  plant  to  deteriorate  and 
get  into  poor  condition  only  gives  the  central  station  an 
opportunity  to  oust  him  out  of  his  job. 

It  appears  that  the  boilers  were  in  fair  condition  as  to 
iron  work,  but  the  settings  were  leaky  and  required  con- 
siderable attention.  The  firebrick  in  the  furnace  was 
burned  out  in  a  number  of  places  and  the  stoker  grates 
needed  repairs,  as  a  good  deal  of  coal  dropped  through 
and  large  quantities  of  cold  air  rushed  through  the  open- 
ings, reducing  the  efficiency  of  the  boilers.  The  engines 
and  dynamos  were  in  good  condition,  but  the  feed-water 
heater  was  so  small  that  a  great  deal  of  return  hot  water 
from  the  heating  system  was  lost  in  the  overflow. 

In  a  twenty-four-hour  test  of  the  plant  it  was  found 
that  six  pounds  of  coal  was  required  to  produce  a  horse- 
power-hour, or  eight  pounds  per  kilowatt-hour.  This 
coal  contained  13,566  B.t.u.  per  pound,  13.28  per  cent, 
ash  and  3.14  j^er  cent,  sulphur.  It  is  not  an  enviable 
record,  and  much  better  results  might  have  lieen  obtained 
with  the  plant  in  good  condition.  The  cost  of  the  ele- 
vator service  also  proved  to  be  excessive.  Steam  elevator 
pumps  were  used  and  a  change  to  electrically  driven 
pumps,  using  the  same  pressure  tank,  was  recommended. 

An  adjacent  building  was  supplied  by  the  plant,  with 
steam  for  heating.  Upon  investigation  it  was  found  that 
the  heating  system  was  wasteful  and  inefficient.  In  the 
first  place,  the  pipe  leading  from  the  plant  through  the 
alley  was  entirely  bare  at  a  certain  place,  and  the 
rain  water  falling  on  the  pipe  condensed  a  great  deal  of 
steam.  The  balance  of  the  pipe  was  laid  in  an  iron 
water  pipe,  with  scarcely  any  air  space  between  the  two, 
and  both  pipes  were  inclosed  in  a  trench  cut  in  the  rock. 
The  waste  of  heat  in  this  underground  section  of  the  sup- 
ply main  may  be  readily  imagined.  A  one-pipe  gravity 
return  system  was  installed  in  the  building,  and  this  was 
not  properly  put  up.  Such  a  system  should  have  the 
radiators  set  and  the  pipes  connected  so  that  the  water 
can  drain  out  along  the  bottom  of  the  radiators  and  fol- 
low the  pipe  downhill  to  the  return  pipe,  so  that  there 
will  be  no  opportunity  for  pockets.  Instead  of  this, 
numerous  places  were  found  where  the  steam  feeder  pipes 


tilted  the  wrong  way,  causing  the  water  to  stand  in  the 
pipes  and  necessitating  the  u.se  of  high-pressure  steam. 
A  method  of  properly  draining  the  radiators  was  sug- 
gested so  that  it  would  be  possible  to  heat  the  building 
with  exhaust  steam  at  not  over  three  pounds  pressure  in 
the  coldest  weather,  in  place  of  live  steam  now  used  at 
twenty-nine  pounds  in  the  boiler  room  and  reduced  to 
nine  pounds  in  the  basement.  jSTumerous  other  defects 
of  minor  importance  were  also  pointed  out. 

With  such  conditions  existing,  it  is  small  wonder 
that  the  management  was  dissatisfied  with  the  results. 
Even  with  central-station  current  it  would  be  necessary 
to  remodel  the  heating  system,  repair  the  boiler  settings 
and  grates  so  that  steam  will  be  supplied  efficiently  for 
heating  and  substitute  electric-driven  pumps  for  the 
steam  pumps  now  operating  the  elevators.  But  with  all 
this  done  the  plant  would  be  in  good  condition  and 
should  be  able  to  generate  current  cheaper  than  the  cen- 
tral station  could  supply  it.  So,  in  either  case  there  is 
but  one  remedy  by  which  results  may  be  bettered,  and 
that  is,  put  the  plant  in  shape  and  keep  it  in  the  pink 
of  condition. 


Working  with  the  Specialist 

The  ever  incrca.'^ing  cost  of  fuel  accounts  for  the  grow- 
ing disposition  of  owners  to  subject  their  power  plants  to 
scientific  examination  to  discover  any  possible  way  to  in- 
crease efficiency  and  effect  economy.  The  fact  that  the 
operating  engineer  himself  has  been  able  to  make  certain 
tests,  compile  figures  from  these  tests  and  make  some  im- 
provements, will  not  in  many  cases  avert  the  inspection 
of  the  plant  by  the  consulting  engineer.  Owners  have 
come  to  feel  about  their  power  plants  somewhat  as  a 
parent  feels  about  a  child  who  has  been  ailing  for  a  long 
time — the  family  doctor  may  be  treating  the  case  rightly, 
but  it  is  safer  to  have  a  specialist  look  the  child  over,  even 
if  he  only  confirms  the  regular  physician's  diagnosis. 

So  the  plant  owner  is  calling  in  the  specialist,  the  con- 
sulting engineer,  to  make  a  scientific  investigation  of 
facts  and  conditions  with  a  view  to  possible  improve- 
ment. Very  often  his  report  simply  confirms  the  op- 
erator's view,  but  whether  it  does  or  not  it  is  as  much  an 
advantage  to  the  operating  engineer  as  to  the  owner  and 
he  would  indeed  be  foolish  who  opposed  any  such  ex- 
amination. If  the  operating  engineer  is  uptodate,  he 
welcomes  it  because  it  will  vindicate  and  strengthen  him 
in  his  position  if  he  has  been  doing  things  just  right, 
or  it  will  discover  and  remove  any  weak  spots  in  his  prac- 
tice. 

For  this  reason  the  operators  ought  to,  and  can  well 
afford  to,  assume  the  most  friendly  and  helpful  attitude 
toward  the  consulting  engineer  whom  the  management 
has  invited  into  his  plant.  The  consulting  engineer  is 
not  a  rival,  but  a  colleague  with  some  superior  advantages 
that  help  bring  .success  in  the  effort  to  remove  weaknesses 
in  his  plant  and  add  strength  and  efficTency  to  it.     The 
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upt'iator  who  best  pcrvos  his  own  interests,  as  well  as  those 
of  his  employer,  will  take  the  greatest  possible  advantage 
of  this  cooperation.  He  will  eultivate  the  friendship  of 
the  eonsulting  engineer,  will  take  him  into  his  eonfidenee 
and  put  candidly  before  him  any  questions  and  problems 
in  the  plant  operation  wliich  have  puzzled  him.  It  is  his 
privilege  to  do  this,  for  the  consulting  engineer's  time 
and  knowledge  are  paid  for  by  the  plant  owner.  He  cer- 
tainly .should  assist  as  much  as  possible  in  making  any 
tests,  and  unless  he  understands  these  tests  thoroughly 
he  should  not  hesitate  to  ask  nuestions.  What  he  learns 
now  may  prevent  his  showing  ignorance  at  a  later  and 
mure  critical  time.  Thus  he  may  learn  to  judge  of  and 
.id\ise  iipon  the  selection  of  competent  .specialists  for  the 
iiw  uer  to  engage  to  make  subsequent  examinations. 

Meeting  the  outsider  half-way  will  result  in  benclit  ti) 
the  operator  and  probably  render  the  examination  of 
his  plant  very  much  more  successful  than  it  could  be 
without  his  cordial  help. 

Incidentally  the  indorsement  wliich  any  fair-minded 
((insulting  engineer  will  give  a  competent  operating  en- 
gineer will  have  more  influence  with  the  employer  than 
all  the  unsubstantiated  arguments  that  the  engineer  could 
advance  for  a  raise  in  salary.  From  all  considerations, 
it  a])pears  not  oidy  the  philosophical  thing,  but  ]wsi- 
tivcly  and  practically  the  most  advantageous  thing  to 
do,  for  all  concerned,  for  the  operating  and  eon.sulting 
engineers  to  work  with,  not  against,  each  other.  I^ogical- 
Iv.  their  services  are  not  comi)etitive  but  complementary. 


Concealing  the  News 

'Most  people  are  interested  in  reading  the  news.  It  is 
almost  a  fundament<il  habit,  in  this  country  especially, 
aicpiired  long  before  maturity  is  reached.  Now  here  is 
the  inconsistency — great  as  is  our  avidity  to  get  the  news 
wc  instinctively  withhold  such  news  as  pertains  to  our- 
selves. Unless  it  is  in  connection  with  .something  to 
which  honor  attaches  we  have  a  horror  of  having  our 
names  in  the  papers. 

This  can  be  understood  when  one  has  committed  a 
crime  or  done  something  scandalous,  but  why  in  the  name 
(if  all  that  is  reasonable  does  anyone  deny  information 
regarding  a  lioiler  explosion,  flywheel  disaster  or  anything 
of  that  kind? 

We  wish  we  might  bring  home  very  strongly  to  our 
readers  the  idea  of  coo]>eration  in  this  matter  of  news 
s(i  that  they  would  not  conceal  news  when  it  concerns 
Their  plants.  Tf  they  would  only  regard  it  a  duty  they 
owe  to  their  fellow  engineers  in  return  for  the  informa- 
tion they  get  of  others,  they  would  change  their  attitude 
toward  the  news  seekers  from  the  papers. 

Some  of  our  readers  are  accommodating  and  courteous 
when  approached  for  news  by  our  representatives.  We 
arc  indeed  grateful  to  them  and  even  more  so  to  those 
others  who  anticipate  our  desire  for  news  and  on  their 
nwn  initiative  send  items  regarding  their  own  plants  or 
]ilants  in  their  locality. 

Regrettably  there  is  this  large  class  of  conservatives  who 
cannot  bear  to  think  of  being  "'written  up."  If  an  acci- 
dent has  hap])ened  for  which  the  engineer  was  responsible 
he  naturally  shrinks  from  publicity.  Even  then  he  should 
be  broad  gage  enough  to  be  willing  that  his  mistake  be 
made  a  warning  to  others.     When  the  accident  is  one  due 


to  circumstances  over  which  neither  the  engineer  nor 
any  of  his  assistants  had  any  control  it  is  foolish  to 
imagine  that  an  account  of  it  in  the  papers  will  reflect 
any  discredit  on  him. 

We  feel  we  have  a  stronger  claim  on  such  news  thani 
the  daily  papers  becau.se  our  motive  in  writing  up  acci- 
dents is  that  it  may  help  other  engineers  avoid  the  same 
kind,  if  the  cau.se  has  been  discovered.  There  is  no  \nu-- 
pose  of  exploiting  these  things  for  the  sake  of  notoriety 
or  sensation. 

PoWEK  seeks  to  cover  all  reachable  ac(-idents  that  may 
contain  a  lesson  or  in  any  way  add  to  the  knowledge  of 
other  engineers  to  |ir(ini(ite  the  safety  of  those  engagerl 
in  the  industry,  as  ^vell  as  the  ])iiblic  at  large.  Now  let 
us  have  everybody's  help. 

Interrupted  Service 

The  ex])erience  of  those  8taten  Island  industries  which 
were  dependent  on  the  Eichmond  Light  &  Railway  Co. 
for  power  and  which  were  completely  tied  up  for  five 
days  as  a  result  of  the  recent  boiler  explosion,  serves  as 
a  forceful  answer  to  certain  arguments  of  central-station 
adherents. 

-\.s  far  as  the  lighting  is  concerned,  its  absence  was  an 
inconvenience,  but  the  residents  have  become  so  accus- 
tomed to  interrupted  .service  with  every  summer  thunder 
storm  that  their  attitude  has  changed  from  one  of  ] 
test  to  mere  tolerance.  With  the  power  customers  the 
problem  was  far  more  seridus.  however,  and  those  in- 
dustries which  ])os.sessed  pri\:ite  plants  were  indeed  for- 
tunate. 

The  accident  was  most  dcjilorable,  whatever  the  con- 
tributing causers,  and  in  spite  of  what  ap])ears  to  have 
been  unnecessary  delay  in  the  resumption  of  service,  the 
incident  serves  to  point  out  the  undesirability  of  "■putting 
all  the  eggs  in  one  basket." 

Within  the  legitimate  field  of  a  public  utility  the 
community's  interest  is  usually  best  served  by  a  single 
company  and  seldom  has  cut-throat  competition  proved 
desirable.  At  the  same  time,  in  return  for  this  monopolyi 
the  citizens  have  the  right  to  expect  certain  guarantees 
of  service,  one  of  which  is  sufficient  reserve  capacity, 
properly  distributed,  to  guard  against  just  such  exigencies 
as  the  present. 

The  Loading  of  Boilers 

For  emphasis,  we  repeat  what  J.  E.  Terman  has  said  on 
another  page  regarding  the  loading  of  boilers: 

When  horses  are  hitche(3  together,  the  draft  gear  is  usu- 
ally arransrecl  so  that  it  will  he  necessary  that  all  pull  alike, 
but  the  average  steam  engrineer  will  hitch  from  two  to  ten 
or  more  boilers  together  without  apparently  giving  the  mat- 
ter much  thought  as  to  whether  each  will  carry  its  propea 
share   of  the   load   or  not. 

And  a  little  farther  on  : 

AVhen  two  or  more  boilers  are  operated  on  a  load  thai 
approximates  their  combined  capacities,  the  efliciency  will  b€ 
maximum  when  the  load  is  distributed  between  them  in  pro-i 
portion  to  their  capacities,  and  the  efliciency  will  be  less  th£ 
greater  the   inequality   in    the   distribution    of   the   load. 

Of  course,  most  engineers  know  all  this  perfectly  well! 
So  do  most  small  boys  know  that  if  they  eat  too  manji 
green  ai)ples  they  will  have  cramps,  but  they  keep  on 
eating  green  ai)))les. 
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Another  Compound  Feeder  Made  of 
Pipe 

We  have  in  iis^e  a  boilcr-rdinpouiul  lYnlrv  ciinsistiiii;  nl 


piece  of  G-iii.  pipe  "M  in. 
Lt  the  top  there  is  a  1-in. 


liina;,  with  a  ptuj;'  in  earh  end. 
nipple,  a  glol)e  valve  and  I'un- 


1)1'  the  re^ervoii',  and  at  the  liottom  of  this  .siiass  is  con- 
nected a  Vi-in.  ]>iiie  with  a  needle  valve  which  is  con- 
iicited  to  a  compressed-air  line. 

To  operate  this  feeder  close  the  1-in.  valve  in  the  suc- 
tion line,  also  the  needle  valve  in  the  air  line,  then  open 
the  valve  between  the  funnel  and  reservoir;  the  i4-i"- 
\ent  is  opened  also,  and  in  case  the  air  comjirsesor  should 
not  be  running,  any  water  left  in  the  reservoir  can  be 
drawn  ofE  at  the  small  drain  cock  at  the  bottom.  If  we 
have  air  pressure  when  tilling,  the  aii-  can  be  turned  on 
and  the  water  is  i|nirkly  FoivimI  into  the  suction  line  ol' 
the  pimip,  the  compound,  which  is  previously  dissolved 
in  water,  is  now  ])oured  into  the  reservoir.  Both  the 
valves  at  the  top   are  closed  and  the  valve  in  the  suc- 


tion line  opened,  then  the  ni 
the  required  amount  of  coiii| 
the  gla.ss  and  it  is  ]iossililc  t( 
fast  the  compound  is  being  fe 
these  air  bubbles. 
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iiel  for  tilling,  also  a  Vt-i"-  ™"t  pipe  to  allow  the  escape 
of  air  when  putting  in  the  compound.  At  the  bottom  is 
a  1-in.  pipe  with  a  globe  valve  connected  to  the  suction 
line  of  the  boiler-feed  pump.  A  drain  cock  is  also  jiro- 
vided.     An  ordinary  water  gage-glass  is  fitted  to  the  side 


lie  valve  is  adjusted  to  feed 

Miiind.     Ail-  hubbies  rise  in 

accurately  judge  just  how 

I  to  the  boilers  by  observing 

S.  A.  St.vndley. 


Strains  in  Flywheels 

After  reading  the  letter  of  John  F.  Hurst,  on  page 
2-^-i  of  the  Aug.  \-i  issue,  and  also  the  letter  of  Forrest 
Allen,  which  preceded  it,  it  appears  that  an  explanation 
of  a  few  of  the  simple  calculations  concerning  tlje  esti- 
mation of  the  force  expended  in  producing  changes  o' 
speed  in  flywheels,  nuiy  be  of  interest. 

Mr.  Hurst's  surmise  that  engine  governors  cannot  be 
built  to  care  for  the  sudden  ihrowing  nil'  of  all  load  is, 
of  course,  not  correct.  Thousands  of  street-railway  en- 
oines  are  operating  under  conditions  where  a  ma.ximum 
overload  is  reduceil  to  no  load  instantly,  when  the  circuit- 
breakers  come  out.  Such  action  is  often  repeated  many 
times  a  day,  and  the  governors  on  these  engines  take  care 
of  the  speed  fluctuations,  and  without  ])roducing  any 
•severe  strains  in  the  flywheel. 

To  calculate  the  energy  stored  in  a  rapidly  revolving 
flywheel,  it  is  simi^lest  to  cnnsidev  what  the  stored  energy 
would  be  if  gravity  had  acted  on  the  wheel  for  a  sirfTi- 
cient  length  of  time  to  iiroduee  the  same  conditions  ol' 
speed  as  those  for  which  the  calculations  are  to  be  made. 
When  a  bodv  falls  from  a  height,  the  formula 

r  =  f/i  (1) 

expresses  the  relation  between  the  velocity  and  time  of 
falling,  if  we  neglect  the  action  of  the  air.  In  this  for- 
mula, r  is  the  velocity  in  I'ect  per  second,  t  the  time  of 
falling,  in  seconds  and  fi  is  the  acceleration  due  to  the 
force  of  gravity,  which  is  aiiout  32.1  G  ft.  per  sec.  at  the 
sea  level.     The  formula 

■iJi 


(2,1 
-docity,   time    and 


expresses    the    relation    between    the 

height  of  fall.     It  the  velocity  is  known,  the  time  may  be 

obtained  by  the  use  of  the  formula  (1)  ;  and  by  using  the 
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•esult  iu  formula  (2),  the  height  of  fall  is  found.     It  is 

;vident   that,   if   the  weight   of  a   Ijody   and   the   height 

:hrough  which  it  has  fallen  be  known,  the  stored  energy 

n  foot-pounds  may  be  obtained  by  multiplying  the  weight 

n  pounds  by  the  fall  in  feet.     Bodies  of  equal   weight 

ind  speed  (which  represents  falls  of  equal  height)   have 

he  same  amount  of  energy  stored  in  them,  so  that  if  we 

:now  these  two  factors  for  any  case  the  stored  energy 

lan  be  calculated,  this  is  so  whether  the  body  is  moving 

n  a  straight  line,  as  would  be  the  case  for  a  falling  body, 

ir  a  body  revolving  around  a  center,  as  the  rim  of  a  fly- 

i^heel.     Considering  a  practical  case  of  a  500-hp.  engine 

i'ith  a  20-ft.  flywheel  revolving  at  80  r.p.m.  and  with  a 

im  weighing  30,000  lb.;  we  find  by  figuring  the  speed 

if  the  rim,  that  it  is  running  at  83.7  ft.  per  sec.     The 

:mount  of  energy  stored  in  the  rim,  expressed  in  foot- 

lounds.  would  be    (as  explained  above)   the  distance  in 

eet  through  which  it  would  have  fallen  to  obtain  this 

peed,  multiplied  by  the  weight  of  the  rim  in  pounds. 

Using  the  velocity  of  83.7  ft.  a  second  iu  formula  (1), 

ve  have. 

83.7  =  33.16  tovt  =  2.6  sec. 

Tsing  the  value  of  t  just  found,  in  formula  (2),  we  have 

2  h 
83.7  =  ^r^or /;  =  lO'J  feet 
2.0 

^his  indicates  that  in  order  to  attain  the  same  velocity 
y  falling  as  when  revolving,  the  rim  of  the  flywheel 
rould  liave  to  fall  through  a  space  of  109  ft.,  and  it 
rould  therefore  have  stored  in  it 

30,000  X  109  =  3,270,000  ft.-lh.  of  energy 
Ve,  therefore,  know  that  without  considering  friction  or 
ny  other  factors  that  may  affect  the  result,  that  there 
iiust  be  put  in  the  rim  of"  this  wheel  3,270,000  ft-lb.  of 
nergy,  to  bring  it  from  a  state  of  rest  up  to  a  speed  of 
3.7  ft.  per  sec. 

Assuming  that  the  engine  cylinder  delivers  the  same 
urning  effort  to  the  crankpin  at  all  speeds,  the  average 
peed  of  the  wheel  starting  from  rest  would  be  40  r.p.m., 
r  power  is  stored  at  the  average  rate  of 

^^  =  250/.,. 

rhich  is 

250  X  33,000  =  8,250,000  ff.-lb.  per  miii. 
nd  if  there  were  no  other  work  to  be  done  the  energy 
I'ould  be  stored  in  the  flywheel  rim  and  would  revolve 
he  wheel  faster  and  faster.  Since  it  requires  the  storage 
f  3.270.000  ft.-lb.  of  energy  to  get  the  rim  up  to  normal 
peed,  it  would  take 

_! : =  0.3)6  1)1111.  or  23.8  sec. 

8,250,000 

0  get  this  wheel  up  to  normal  speed  with  the  throttle 
nde  open  and  no  load  on  the  engine. 

The  friction  of  the  air  in  the  case  of  the  falling  body, 
nd  the  friction  of  the  air  and  bearings  in  the  case  at 
he  flywheel  have  not  been  considered,  nor  have  several 
ther  factors  that  would  have  a  bearing  on  the  actual 
ime  it  might  require  to  bring  a  wheel  up  to  speed  been 
onsidered,  but  the  main  retarding  influence  in  most  en- 
;ines  is  the  weight  in  the  flywheel  rim  and  the  above 
alculations  show  how  the  amount  of  this  effect  can  be  es- 
imated.  It  can  be  readily  seen  that  to  start  or  stop  a 
^heel  suddenly  means  the  ex]ienditure  of  an  immense 
mount  of  euergv,  and  Mr.  Hurst's  idea  that  the  speed 


may  become  dangerous  in  a  portion  of  a  revolution,  is, 
of  course,  not  correct  for  wheels  ordinarily  used  on  en- 
gines. For  example,  take  the  case  of  the  wheel  just  con- 
sidered and  assume  that  the  speed  is  to  be  increased  2 
per  cent,  above  normal.  It  would  be  necessary  to  stoK 
about  133,000  ft.-lb.  of  energy  in  the  rim  to  accomplish 
this  change  in  speed  and  this  would  take  about  "^/mo  of  a 
revolution,  if  we  assume  that  the  entire  energy  developed 
by  the  engine  was  devoted  to  speeding  up  the  rim.  A  2 
per  cent,  or  even  a  20  per  cent,  increase  in  speed  could 
not  be  considered  dangerous  if  the  normal  speed  of  the 
wheel  was  one  that  could  be  considered  safe.  The  factor 
of  safety  under  which  flywheels  usually  operate,  is  .such, 
that  a  speed  of  at  least  three  times  the  normal  speed  is 
required  to  burst  them.  Taking  the  wheel  that  we  have 
considered  above,  and  assuming  that  a  rim  speed  of  1 5,07S 
ft.  per  min.  would  burst  it,  we  And  by  making  the  cal- 
culations as  previously  explained,  that  there  would  be 
required  stored  about  26,200,000  ft.-lb.  of  energy,  or  126 
revolutions,  at  an  average  speed  of  160  r.p.m.,  to  reach 
the  bursting  point,  or  it  would  require  47  sec.  after  all 
the  load  were  thrown  off  before  the  wheel  would  reach  the 
bursting  speed.  With  a  fairly  good  governor  no  severe 
strains  are  likely  to  be  produced  in  the  flywheel  by  sud- 
denly throwing  off  load,  but  the  strains  that  may  be  pro- 
duced by  suddenly  throwing  on  a  heavy  load  can  hardly 
be  estimated.  Where  the  shock  is  not  transmitted  direct- 
ly to  the  rim  of  the  wheel,  as  would  be  the  case  with  water 
iu  the  cylinder  or  with  a  direct-connected  engine  and  gen- 
erator when  a  short-circuit  occurs,  the  strains  on  the  fly- 
wheel are  extremely  severe.  When  water  gets  in  the 
cylinder,  there  is  usually  some  portion  of  the  engine 
frame  or  wheel  broken,  as  the  force  expended  in  these 
ca.ses  depends  on  the  time  in  which  the  stored  energy  in 
the  wheel  and  other  parts  of  the  engine  in  motion  must 
be  cared  for. 

J.  E.  Termax. 
Hartford,  Conn. 


Collecting  and  Reusing   Cylinder   Oil 

The  question  of  reusing  cylinder  oil  seems  to  deserve  lit- 
tle consideration,  judging  from  what  little  has  been  said 
about  it.  However,  we  have  worked  out  an  idea  by  which 
we  have  effected  a  30  per  cent,  saving  in  the  oil  consump- 
tion. Since  the  apparatus  is  inexpensive  a  description 
(if  it  may  be  interesting. 

A  series  of  experiments  disclosed  the  following  facts: 
First,  that  the  viscosity  of  cylinder  oil  after  passing- 
through  highly  heated  spaces,  such  as  steam-engine  cyl- 
inders, is  greatly  impaired ;  that  having  been  gathered 
with  a  mixture  of  steam  and  water,  it  is  more  or  less 
emulsified  and  will  not  work  iu  ordinary  drop-feed  lubri- 
cators. It  is,  however,  worth  saving  for  use  in  pumps,  etc. 

The  illustration  shows  clearh'  how  the  oil  is  collected 
and  separated  in  our  ]ilant.  Xo  attempt  has  been  made- 
to  use  this  oil  on  a  higher  class  of  machinery  than  direct- 
acting  pumps  of  moderate  speed. 

From  the  oil  separator  A  in  the  main  exhaust  line,  the 
mixture  of  oil  and  condensate  enters  first  a  water  seal  B 
made  up  of  1-in.  pipe  inserted  in  a  3-in.  pipe,  the  former 
open  at  the  lower  end.  The  mixture  must  rise  to  another 
1-in.  discharge  pipe  C,  the  top  of  which  is  but  a  short 
distance  below  the  separator.    The  oil  and  water  are  dis- 
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clun-ged  through  pipe  V  into  a  hirge  open  tank  in  which 
tlic  oil  rises  to  the  top.  A  skimmer  in  the  form  of  a  fun- 
nel is  phiced  in  this  tank  in  such  a  position  that  the 
sligiit  rise  in  the  oil  level  in  the  tank  will  cause  the  oil 
to  flow  into  the  funnel  and  then  to  a  collecting  tank. 
The  surface  of  the  liquid  is  raised  by  means  of  a  bulky 
weight  or  displacer  being  lowered  into  the  liquid.  The 
cock  D  in  the  water  drain  pipe  must  be  closed  when  the 
displacer  is  lowered  into  the  tank. 

To  run  the  tank  empty  it  is  necessary  only  to  lower 
the  displacer  enough  to  start  the  water  through  the  over- 
flow with  the  cock  E  closed  when  a  siphon  will  be  formed. 
When  the  collecting  tank  is  full  the  inlet  valve  F  and 


Appahatus  fou  Rkclaimixc.  Cylinder  Oil 

the  vent  valve  G  are  closed  and  the  valve  H  in  the  1-in. 
line  to  the  storage  tank  is  opened.  This  tank  corre- 
sponds in  size  with  the  one  on  the  floor,  but  it  is  located 
well  above  the  rest  of  the  apparatus  and  has  a  return  con- 
nection to  the  floor  tank  so  as  to  allow  a  more  rapid  ele- 
vation of  the  oil  as  it  leaves  the  top  of  the  bottom  tank 
to  enter  the  top  of  the  top  tank. 

The  water  runs  from  the  bottom  of  the  top  tank  to  the 
bottom  of  the  i)ottom  tank.  When  the  oil  is  all  up,  the 
water  is  run  from  the  collecting  tank  into  the  sewer  to 
make  room  for  more  oil. 

The  oil  is  fed  to  the  pumps  Jjy  gravity  droppers.  A 
larger  quantity  of  this  oil  must  be  fed  than  if  first-class 
oil  were  nsed. 

Edward  T.  Binns. 

Philadelphia,  Penn. 


Turbine  Nozzle  Too  Small 

Much  trouble  was  caused  through  a  low-pressure  tur- 
bine not  giving  its  rated  output.  With  steam  at  15  lb. 
per  sq.iu.  abs.,  it  was  supposed  to  give  300  kw.,  but  we 
could  not  get  more  than  this  with  a  pressure  of  18  lb. 
abs.  The  pump  was  running  at  1480  r.p.m.,  which  was 
30  less  than  called  for.  The  rotor  of  the  turbine  was 
lifted  out  and  all  the  blades  cleaned,  and  where  any 
were  a  little  "out"  they  were  set  back  to  their  original 
position.  But  this  made  no  improvement  in  the  running 
of  the  turbine. 

At  last  two  holes  were  tapped  in  the  steam  line;  one 
of  these  holes  was  on  each  side  of  the  governor  which 
stepped  down  the  pressure  for  use  in  the  turbine.  The 
gages  indicated  equal  pressures,  showing  that  the  gov- 
ernor was  admitting  steam  but  that  the  steam  was  held 
in  the  first  nozzle  of  the  turbine.  The  nozzle  was  lifted 
out  and  made  larger,  as  shown  in  the  illustration;  the 
dotted  line  showing  the  original  size  of  the  nozzle.  We 
turned  down  one  side  of  the  nozzle  to  a  30-deg.  angle 


Partial  Section  of  Turbine 

of  entry  and  planed  about  jV  in.  off  the  opposite  side. 
When  the  turbine  was  assembled  and  steam  admitted,  it 
ran  1580  r.p.m.  under  full  load.  On  applying  the  load 
to  the  turbine  we  were  able  to  get  400  kw.  with  an  initial 
pressure  of  18  lb.  abs.  and  could  easily  carry  all  the  load 
required. 

James  A.  Campbell. 
Lowell,  Mass. 


Power-Plant  Vibration 

In  the  article  on  "Power-l'lant  Vibration  and  Methods 
of  Isolation,"  by  Francis  H.  Davies,  in  the  Aug.  12  issue, 
the  figures  regarding  minimum  and  maximum  thicknesses 
of  1/8  to  4%  in.  for  cork-isolated  plates  and  also  the  com- 
pression tests  given  apply  to  our  material  "Resilient" 
plate.  This  is  largely  used  by  the  principal  underground 
railways  in  place  of  felt  and  such  like  material,  as  pads 
for  rail  chairs  and  railway  carriages,  and  also  in  building 
construction,  machinery  foundations,  etc.  This  is  the 
material,  which  has  been  tested  to  a  pressure  of  2500  lb. 
per  sq.in.  with  successful  results. 

The  iron-framed  cork  foundation  plate  described  by 
Mr.  Davies  is  called  "Bavanite"  and  is  made  in  a  standard 
thickness  of  2%  in.  A  copy  of  tests  for  resilence  carried 
out  on  these  plates  is  given  herewith. 

In  these  tests  it  will  be  noticed  that  the  maximum  pres- 
sure was  210  lb.  per  sq.in.  with  a  mean  comjirossion  of 
45.9  per  cent,  of  the  thickness,  returning  5  min.  after 
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(_'  removal  of  tho  ioad  to  a  resiiliuil  r<)in|)n'ssioii  of  1  \A-> 
y  cent.  In  actual  jn-actit-c  \vc  nilow  m  niMxiniiini  work- 
^  pressure  oi'  ~0  lb.  per  scpin..  and.  generally  spi'akiiiir. 
is  found  that  (lie  avci'af.'c  pre.'isiii-cs  on  the  base  of  I'on- 

COMPRESSION    TESTS    FOR    RESILIENCE    OF   "B.W  AMTE" 


Mean  dimensions  before  test,  in.  Total    conipre.-ssion    per  cent,  under 

fallowing  loads. 

"est     Thick-  Breadth  L'gth      Area  Lb.  per  sq.in. 

roNo.  ness,  in        in.         in.  33       75         105         140       17.5  210 

2.375     7.S75     7.875     01.75  .,,      8.5     25.5       38.2  44.0  45.5 

2.375     7.875     7.875     61.75  4.5       7.8     23.5       38.5  43.3  44.5 

2.375     7.875     7.875     61.75  1.7       6.8     26.5       39.7  44.7  48.7 

!in         2.375     7.SV5     7.875     61.75  2.00     7.7     25.10     38.8  44.0  45.9 

N'sidual  deformation  per  cent,  after  removal  of  following  loads  in  lb.  per  sq.in. 


175 


210 


7,5  5.0  15.7 

S,S  4,3  14,0 

7  3  3  0  12  3 

7,  SO  4    1  14   0 


nin.  At  once.  5   min.  At  one( 

ter  after 

,8         19.3  11.7  21.7 

,5         18.7  10.8  18,7 

.8          14.3  7,7  18,0  8.5 

7          14,1  10  (i  in,  40          11,43 
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The   Ro.val  EnKineering  Institute,  Cliarlottenburg.  1912. 

'Ic    foundations    rarely    exceed    1.")    Ih.    per    sq.in.,    thus 
ving  a  factor  of  safety  in  (he  workinu  of  the  material. 
IioisioKT  I).  (iKi;v.  Oeu.  il.i^r.. 
The  Rriti!^h  Anti- Vibration  &  .Xoise  L'o.,  Ltd. 
Liindon,  Enf;. 


Sealing  Glands  of  L,ow-Pressure 
Turbines 

In  that  class  ul'  low-prcssui'c  tui-hiiic  winch  uses  water 
seals  to  previ'iit  air  leakino-  in  wlici-o  llio  sh;d't  conie> 
throuijh  the  case  the  sealing-  docs  nol  become  <dleetivi' 
until  the  turbine  has  attained  considerable  speed.  .\s  the 
turbine  will  not  start  until  there  is  a  vaeiuim  in  ilie  con- 
denser, these  turliines  require  auxiliary  glands  lo  seal 
the  shaft  opeuinj:;-  while  the  vacuum  is  Ix'in.u'  built  up  in 
the  condenser  by  I  be  air  pump  or  ejecloi-. 

There  is  in  the  plant  ol'  which  the  wnlei'  has  charge 
a  turbine  of  this  type  which  was  piped  loi-  inland-water 
supply  according  to  the  builders'  suggesl  i<ins,  as  shown 
in  the  sketch.  From  the  start  we  had  considei-able  trouble 
getting  a  vacuum  created  in  ihe  jet  condenser:  the  vac- 
uum would  build  up  niomentai'ih  lo  about  1".'  in.,  and 
then  dro])  back  to  zero. 

A  study  of  the  jiiping  will  show  that  as  sociii  as  the 
small  amoun!  of  water  remaining  in  the  stanil[)ipe  was 
drawn  into  the  turbine  by  the  vacuum,  the  standpipe 
\V(mld  be  fully  open  to  admit  air  iiitti  the  turiiine  and 
])re\cnt    the    \acinim    being    built    up.      As    the    auxiliar\ 


iinalysis  of  Mr.  Chandler's  Diagram 

It  looks  to  me  as  though  W.  E.  Chandler  has  a  wrong 
■a  of  which  is  the  expansion  line  in  the  left-hand  dia- 
ini  of  the  indicator  diagram  shown  in  the  Sept.  Hi 
uc.  The  expansion  line  of  this  diagram  is  the  lower 
e  where  one  generally  finds  the  exhaust  line. 
When  the  piston  moves  forward  with  the  steam  valve 
sed  there  is  but  little  steam  in  that  end  of  the  eyl- 
ler  ill  which  steam  was  trapped  by  the  exhaust  valve 
en  it  closed.  This  steam  soon  ex]>ands  so  much  that 
aciium  is  created  in  this  end  of  the  cylinder.  There 
I  I  lb.  steam  pressure  in  the  recei\'er.  and  when  the 
'ssurc  in  tlie  cylinder  drops  low  enough  this  II  II).  acl- 
;  on  the  area  of  the  exhaust  \al\e  co\eriiig  the  exhaust 
rts  overbalances  the  ]n-essure  in  the  cylinder  acting  on 
'  top  of  the  valve  and  also  the  weight  of  the  valve.  The 
\'c  will  lift,  letting  a  little  steam  into  the  I'ylinder  rrom 
'  receiver.  This  causes  the  exiiansion  to  l>c  nearly 
aight  for  a  good  part  of  the  stroke  near  the  end,  as 
'  pislon  is  traveling  slower,  enough  steam  leaks  in  to 
sc  it  a  very  small  amount. 

Uhen  the  exhaust  valve  opens,  the  steam  I'l-om  the  re- 
\cr  rushes  in  and  raises  the  iiressure  in  the  cylinder. 
is  engine  is  a  tandem  compound,  ami  when  the  ex- 
ist valve  closes  the  engine  begins  the  return  .stroke. 
1  the  low-])ressure  cylinder  is  taking  steam  from  the 
eiver.  This  i-inses  the  presMire  in  the  receiver  to  fall 
rhtly  until  the  steam  \alve  on  the  low-pressure  cylinder 
ses,  when  the  line  on  the  diagram  is  nearly  .straight, 
w,  when  the  exhaust  valve  closes,  the  steam  that  is  in 
'  cylinder  is  compressed,  as  shown  in  the  diagram, 
leii  the  engine  next  starts  on  the  forward  stroke  this 
am  expands,  but,  due  to  condensing  and  leakage,  the 
'ssui'c  does  not  follow  the  cnmjiression  line  but  falls 
ow  it. 

riie  exhaust  vahc  on  the  head  rut]  closes  a  little  ahead 
the  exhaust  valve  on  the  i  rank  end. 

L.  A.  FiTTS. 
ireenfield,  jMass. 


Onrrf/on'    [)        »,  ! 


fhis  level  vrhen.^ 
furbineis 


^itlCe 


WalerSupply 
I'li'i.Ni;  Ai!i;.\.\(;i;Mi:\'r  foi;  Sioai.inc  (Jl.\.\1)s  of  Tfuiuxi': 

glands  are  outside  the  centi-ifugal  glands  they  cannot 
])re\eiit  the  iiillow  of  air  through  the  gland  water-sujiply 
,innes. 

-V  swing  check  \al\c  .1  placeil  in  the  horizmital  jiipe 
leading  to  the  Kl-ft.  riser  will  |ire\eiit  this  tr(nible  and 
facililate  starling  in  installations  Inning  no  fiu-ccil  in- 
jection line  or  \al\e  lietwetu  the  turbine  and  condenser. 

Turning  on  the  gland-water  supply  will  also  |n-e\ent 
Ihe  entrance  of  ail',  inil  is  not  \erv  desirable  because  the 
water  flows  into  the  turbine  ai  each  end.  until  the  speed 
is  high  enough  to  seal  the  glands.  The  cool  water  flow- 
ing over  the  healed  shaft  together  with  the  danger  of 
.setting  water  into  the  oiling  system  are  the  objectionable 
features  of  this  method. 

1'.   L.   \Vi:i;xi:i:. 

M(  l\ees]i(U-t.  renii. 

I  The  sealing  glands  of  condensing  turbines  should  ahso 
be  carefully  watihed  for  scale.  Where  the  sealins  water 
is  alkaline  and  is  heated  by  the  shaft,  scale  will  some- 
times form. — Euiroi;.] 
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INQUIRIES    OF     GENERAL    INTEREST 
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CUeauiug  Gt 

of    grease    deposited 
used? 


1   Buile 

them 


siiif: 


boilers  be  cleaned 
-■e    condensers    are 


Coatings  of  grease  can 
a  solution  of  soda  ash  anc 
of  about  1  lb.  per  10  hp,, 
blown    off   and    washed    oiii 


ite 


N.   N. 
emoved    from   boilers   by   usip?, 
led   up   in   the  proportioi; 
ich    the    boiler    should    be 


Lioc'atin;^-  AV'atcr  C'uolerM — Is  it  important  to  put  atmos- 
pheric distilled-water-cooling  coils,  as  well  as  ammonia  con- 
densers, for  a  refrigerating  plant,  where  air  or  wind  can 
strike  them,  or  might  they  be  put  inside  of  a  tower  witli  12 
to  IS  in.  headroom  and  only  two  small  windows  opening  to 
the    outside    air,    both    on    the    same    side    of   the    room? 

R.  H.   R. 

^^'herever  possible,  l)0th  the  open-air  condensers  and  the 
open-air  dlstilled-water  coolers  should  be  placed  where  the 
outer  air  can  circulate  around  them  freely.  Care  should  be 
taken,  however,  to  shade  them  from  the  direct  rays  of  the 
sun.  It  would  not  be  considered  good  practice  to  put  this 
apparatus  inside  of  a  tower,  such  as  described,  for  the  air 
in  this  tower  would  vei'y  soon  become  practically  saturatcc 
with  moisture  and  no  benefit  would  be  derivtKl  from  evap- 
•  iratiun. 


Safe    FIjMlieel    Speetl — We    have    an    ens 
r.p.m.    with    a    flywheel    12    ft.    in    diameter 
and  rim  2i^   in.  thick,  cast  in  two  sections, 
can   the  engine   be   run   safely? 


ming  at  74 
21-in.  face 
much  faster 


J.    C.   M. 


m   flj 


5280 


Tile  maximum  safe  speed  for  sound  ca 
usually  taken  to  be  a  rim  speed  of  a  mile 
ft.  per  mill.  If  the  wheel  is  made  up  in  halves  or  other  sec- 
lions,  the  lugs,  bolts  and  other  fastenings  are  supposed  to  be 
made  as  strong  as  the  rest  of  the  rim.  Tlie  breadth  and  thick- 
ness of  the  rim  are  iinmaterial,  as  the  centrifugal  force  is 
directly  proportional  to  the  weight,  and  the  strength  is  di- 
rectly proportional  to  the  size.  Tlie  wheel  being  12  ft.  in 
diameter,  its  circumference  is  12  X  3.1416  =  37.69  ft.,  and 
with  fastenings  of  sections  equal  in  strength  to  the  rim  and 
the  casting  sound,  the  wheel  should  be  safe  at  a  speed  of 
5280 

-    aboul    1411    r.p.m. 

37.69 


Flow  of  Water — Can  the  formulas  given  in  the  article  in 
the  July  1.  1913,  issue  "Plow  of  Water  In  Pipes,"  be  applied 
to  pipes  having  a  diameter  of  100  in.,  and  a  loss  of  head  of 
100   ft.   per   100   ft.   of  pipe? 

J.  r.  Z. 

Durand's  formulas  and  chart  apply  to  flow  of  water 
in  irori  pipes  Up  to  12  in.  diameter  discharging  with  loss  of 
head  up  to  10  ft.  His  article  is  based  on  the  average  of  dif- 
ferent formulas  for  the  loss  of  head,  etc.,  in  the  commercial 
sizes  of  iron  pipe  as  quoted  by  Mr.  Evans,  July  9,  1912,  issue, 
referring  to  losses  in  sizes  used  in  hot-water  heating.  It 
is  hardly  probable  that  the  formula  which  you  refer  to  wouli; 
hold  true  as  an  average  extended  to  pipes  100  in.  in  diameter 
especially  as  the  Chezy  and  other  formulas  referred  to  re- 
quire the  use  of  a  constant  determined  by  experiment  for 
each  particular  case.  On  comparing  actual  tests  of  large 
pipes  (i.e.,  36  in.  to  100  in.  diameter)  Darcy's  formula  has 
been  found  to  come  closer  to  the  average  than  any  for  the 
use  of  which  constants  are  not  establishe<l  for  the  case  in 
hand.  But  no  set  formula,  i.e.,  one  for  which  constants  have 
not  been  established  for  the  particular  case  in  hand,  can  be 
relied  on  closer  than  about  15  per  cent,  on  account  of  the 
difference   in    roughness   of   pipe   surfaces.    , 


Noxxle  DiNoharKe  Velocity — '«'hat  would  be  the  velocity 
of  the  watei-  discharged  through  a  1-in.  nozzle  under  a  pres- 
sure  of  75   lb.   ])er   sq.in.? 

C.    A.    G. 

A  pressure  of  75  lb.  would  be  equal  to  a  head  of  75  X 
2.309    =:    173.17   ft. 

The  theoretical  velocity  of  discharge  in  feet  per  second 
wc.uld    be 

V  =  ■/  64.32  X  173.  !7  =  105.5  ft.  per  sec. 
The  average  velocity   of  discharge  from  a   nozzle,   taken   at 
the  smallest  cross-sectional   area  of  the  issuing  solid   stream, 


i.e.,  at  a  few  inches  beyond  the  nozzle,  would  be  ;i5  to  97  per 
cent,  of  the  theoretical  velocity,  depending  on  the  smoothness 
of    the    nozzles. 

(For  a  "ring"  nozzle,  the  smallest  part  of  the  stream  be- 
comes reduced  to  about  65  per  cent,  of  the  cross-sectional 
area  of  the  nozzle,  and  for  a  nozzle  with  a  gradual  taper  and 
smooth  bore,  the  cross-sectional  area  will  be  practically  the 
same    as    the    nozzle.) 

A   1-in.    nozzle   would   have   a  cross-sectional  area   of  0.7ii54 
sq.in..    and    a  .smooth    bore    nozzle    under    75    lb. 
sq.in.  at   the    nozzle  should   discharge 
0.7S54 

105.5    X    95   per  cent.    X    - 


pressure    pe 
X    7.5    X    60    =    245.98  gal. 


or  practically  24fi  gal.  per  min.  With  a  1-in.  dia.  "ring"  noz- 
zle, the  discharge  should  be  65  per  cent,  as  much,  viz.:  65  per 
cent,  of  246  =  159.9  gal.,  about  160  gal.  per  min.,  or  62  per 
cent,    of   the    theoretical    discharge. 

Steam  ('onHuinptiou — How  is  the  steam  consumption  of  a 
compound    engine    calculated    from    indicator    diagrams? 

J.   A.   P. 

The  same  formula  is  used  as  for  a  simple  engine  and  will 
be  understood  by  reference  to  the  following  diagram  taken 
from    Lo-w's    ".^team    Engine    Indicator": 


[{F  +  c)  wt 


(X  -I-  r)  ' 


in   which 

Q  =  Pounds    accounted    for   per    horsepower    per    hour; 
p  =  Mean    effective   pressure,    pounds   per    square    inch: 
c  :=  Clearance   in   fraction   of   stroke: 
F  =  Fraction  of  stroke  completed  at  some  point  chosen 

on    the    expansion    line; 
wf—  A\'eight    pel'    cubic    foot    of    steam    at    a    pressure 
corresponding    to    the    point    chosen    on     the    ex- 
pansion   line: 
X  =  Fraction    of    strol^e    uncompleted    at    some    point 
chosen   on  the  compression  line; 
wx  =  Weight    per    cubic    foot    of   steam   at    the    i)ressure 
corresponding    to    the    point   chosen    on    the    com- 
pression   line. 
A  diagram  from  either  cylinder  may  be  used,  but  the  mean 
effective  pressure  employed  in  the  formula  must  be  one  whieli 
would    give    the    equivalent    total    powder    if    it    existed    in    the 
cylinder   from    which   the   measured   diagram   was   taken.      For 
exaiTiple,    if   a    low-pressure    cylinder   diagram    is    used,    to    tin/ 
mean    effective    pressui'e    for    that     cylinder     must     be     added 
the  mean  effective  pressure  in  the  high-pressure  cylinder  mul- 
tiplied by  the  square  of  its  diameter  and  divided  by  the  square 
of    the    low-pressure    cylinder    diameter.       If    a    high-pressure 
diagram    is    used,    the    low-pressure    cylinder     mean     effective 
pressui'e    multiplied    by    Its    diameter    squared    and    divided    by 
the   high-pressure   cylinder    diameter    squared,    must   be   added 
to    the    high-pressure    cylinder    mean    effective    pressure.       In 
other  words,  the  mean  effective  pressure   in  one  cylinder  cor- 
rected for  combination   with   that   in   the  other   cylinder  is   in- 
versely   proportional    to    the   squares    of   the    diameters    of    the 
respective   cylinders.      If  the  strokes   in    the   two   cylinders  are 
not  equal,   which   is   very   rare,   correction   for   that   fact   would 
have   to  be   made.  « 
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Feed- Water  Treatment — III 

I'll  ^e^•ul^■  (le.«irable  results  in  treating  feed  water  the 
mtity  of  eompound  siijiplied  must  be  proportioned 
ordiug  to  the  amount  of  scale-forming  impurities  pres- 
:.  To  estimate  the  amount  of  impui-ities  present  neces- 
ites  an  analysis  of  the  water.  Generally  si^eaking,  a 
ter  analysis  can  only  be  made  by  a  trained  chemist. 
can  be  attempted  by  others,  but  tke  results  obtained 
uld  in  most  eases  be  so  inaccurate  as  to  be  useless.  The 
?ineer  can,  however,  make  an  approximate  analysis 
ich  is  of  some  value  in  indicating  the  character  of  the 
ter  and  if  the  analysis  is  made  with  care  and  the  water 
BS  not  contain  impurities  that  complicate  its  nature 
.  much,  the  kind  and  quantity  of  scale-preventing  com- 
Lind  needed  can  be  estimated. 


Fig.  1. 


Apparatus  Eequired  for  Proximate 
Water  Analysis 


The  following  method  of  approximate  water  analysis 
based  on  that  given  by  John  B.  C.  Kershaw,  in  "Fuel, 
ater  and  Gas  Analysis,"  published  by  D.  Van  Xostrand 
). 

Test  Apparatus 

Assuming  that  the  reader  possesses  the  apparatus  for 
aking  the  proximate  fuel  analysis,  as  listed  in  the  May 
'  lesson,  the  following  additional  equipment,  most  of 
lich  is  shown  in  Fig.  1,  is  required  for  making  the 
oximate  water  analysis  as  here  outlined : 

Copper  water  bath,  6  in.  diam. .                                                                    .  SI .  .50 

Pleasuring  flask  (200  c.p.  capacity)  0.35 

'orcelain  dish  (22  oz.  capacity) .  .  -                                                            ■  1-00 

jlass  iJtiiTinp  rod ,- 0,10 

iurette.  graduated  in  ^  c.c.  (50  c.c.  capacity) 2 .  00 

■'urmel  for  filling  burette 0. 10 

Jupport  or  stand  for  burette  (adjustable) 0 .  80 

Heasuring  flask  ( 100  c.c.  capacity) 0 .  90 

^orcelain  dish  (about  50  c.c.  capacity) 0.15 

jiass  funnel  for  filtering  (4-in.) 0 .  20 

'ackage  of  filter  paper  (8-in..  100  sheets) 0 .  35 

$7  45 


The  following  chemical  solutions  are  also  required: 

2  oz.  concentrated  solution  methyl  orange $0. 50 

1  liter — one-fifth  normal  standardized  solution  hydrochloric  acid 1.40 

i  liter — one-fifth  normal  standardized  solution  sodium  carbonate 1.40 

2  oz.  alcoholic  solution  phenol-phthalein.. 0.50 

J3.80 

If  the  reader  does  not  possess  proximate  fuel-analysis 
apparatus  it  will  also  be  necessary  to  secure  a  bunsen 
burner  or  an  alcohol  or  gasoline  lamp  (such  as  is  shown 
in  Fig.  1)  and  an  iron  tripod  or  adjustable  iron  stand 
for  supporting  the  water  bath. 

Copper  Water  Bath 

The  copper  water  bath,  shown  on  the  tripod  in  Fig.  1, 
is  employed  when  evaporating  a  sample  of  water  under 
conditions  requiring  a  uniform  heat  at  213  deg.  F.  The 
bath  is  fitted  with  a  lid  composed  of  rings  of  various 
diameters  so  "that  the  vessel  containing  the  sample  may 
be  conveniently  supported  over  the  boiling  water.  A  vent 
or  spout  at  the  side  and  Just  below  the  top  permits  the 
steam  to  escape  without  inconvenience  to  the  analyst. 

Measuring  Flask 

As  the  name  implies,  a  measuring  flask  is  used  to 
measure  out  samples  or  reagents  when  accuracy  is  im- 
portant. Its  neck  is  small  in  diameter,  and  has  a  fine 
line  around  it  to  which  level  the  liquid  to  be  measured 
is  poured. 

Burette 

The  name  burette  should  be  familiar  to  the  reader,  as 
we  employed  one  in  measuring  flue  gas  when  making  an 
analysis  with  tlie  Orsat  apparatus.  As  may  have  been 
surmised,  "burette"  means  measuring  vessel.  In  the 
present  case  the  burette  is  employed  to  measure  liquids. 

Acids  neutralize  alkalies  and  vice  versa,.  For  instance, 
water  containing  a  quantity  of  some  acid  has  certain 
definite  characteristics  whereby  its  acid  nature  can  be 
recognized.  It  will  corrode  or  eat  away  certain  metals, 
say,  iron,  and  it  will,  generally,  change  a  sensitized  paper 
called  litmus  jjaper  from  blue  to  red.  N^ow,  if  a  certain 
definite  quantity  of  alkali  is  added  to  this  water  the 
latter  will  lose  its  acid  characteristics — because  the  alkali 
has  neutralized  the  acid  it  contained  by  a  chemical  action 
between  them.  If  more  alkali  be  added  so  that  the  water 
now  contains  a  quantity  in  excess  of  that  which  was  re- 
quired to  neutralize  the  acid,  other  characteristics  will 
be  acquired.  A  definite  quantity  of  alkali  is  required  to 
neutralize  a  given  quantity  of  acid  and  vice  versa.  For 
illustration,  if  a  gallon  of  water  contained,  say,  an  ounce 
of  a  given  acid,  hydrochloric,  for  instance,  it  would  be 
found  that  a  definite  amount  of  some  alkali,  say,  sodium 
hydrate,  would  be  required  to  neutralize  this  acid. 

When  the  amount  of  .contained  acid  is  known,  the 
amount  of  the  required  alkali  can  be  calculated.  Hence, 
when  the  amount  of  the  acid  is  unknown,  but  by  experi- 
ment the  required  amount  of  alkali  is  ascertained,  it  is 
possible  to  calculate  therefrom  the  quantity  of  acid 
neutralized. 
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This  principle  is  extensively  made  use  of  in  chemistry. 
When  analyzing  water  certain  chemicals  are  added  to 
the  sample  being  analyzed  and  the  amount  of  siich  chem- 
icals required  to  produce  a  certain  change  is  measured 
as  accurately  as  possible.  This  is  the  purpose  of  the 
burette;  it  is  made  long  and  of  small  diameter  so  that 
the  quantity  of  liquid  contained  before  and  after  some 
has  been  let  out  can  be  measured  closely.  When  a  per- 
son adds  chemicals  to  a  sample  by  means  of  the  burette 
and  measures  the  quantity  required  to  produce  a  certain 
change  in  the  character  of  the  sample,  for  the  purpose  of 
estimating  its  original  make-up,  he  is  said  to  titrate  the 
sample.  If  it  is  sodium  hydrate  he  happens  to  be  adding 
he  is  said  to  be  titrating  with  sodiimi  hydrate. 

When  emptying  the  burette  of  one  compound  and  fill- 
ing with  another,  first  rinse  the  burette  with  distilled 
water  and  then  pour  in  or  rinse  with  a  little  of  the  new 
compound  to  be  used  and  drain  this  out  again  before  the 
main  bulk  of  the  new  compound  is  filled  in. 

Indicatoks 

When  titrating  a  sample  of  water  with  a  certain  chem- 
ical it  is  often  necessary  or  convenient  to  first  put  some 
other  compound  into  the  water  for  the  purpose  of  indi- 
cating by  change  in  color  when  the  point  of  neutraliza- 
tion has  been  reached.  When  a  compound  is  employed 
for  this  purpose  it  is  called  an  indicator.  Methyl  orange 
and  phenol-phthalein  are  used  as  indicators  when  titrat- 
ing with  hydrochloric  acid  or  sodium-carbonate  solutions 
to  ascertain  alkalinity  or  acidity. 

Hydkochlohic  Acid  Solution,  Etc. 

The  accuracy  of  results  when  titrating  depends  upon 
the  accuracy  in  measuring  the  sample,  the  accuracy  in 
preparing  the  titrating  fluid,  the  accuracy  in  reading  the 
amount  of  titrating  solution  required  and  the  accuracy 
in  determining  the  point  when  neutralization  has  been 
effected.  As  it  is  important  to  get  the  strength  of  the 
titrating  fluids  as  nearly  correct  as  possible  it  is  recom- 
mended that  the  one-fifth  normal  standardized  solution 
of  hydrochloric  acid  and  of  sodium  carbonate  be  pur- 
chased ready  made  up.  This  will  save  bother  and  trouble 
and  insure  a  greater  accuracy  than  can  be  obtained  im- 
der  average  conditions  where  proper  facilities  for  best 
work  are  not  present. 

The  bottles  containing  the  solutions  should  always  be 
kept  well  stoppered  so  that  the  strength  will  not  change 
due  to  evaporation. 


What  in  Probably  the  OldeNt  Vessel  to  be  fitted  with  an  in- 
ternal-combustion motor  has  just  carried  out  her  "maiden 
voyage  under  power."  She  is  the  "Ceres,"  built  at  Salcombe 
in  ISll,  and  for  many  years  was  in  the  fruit  trade  in  tlie 
Western  Islands.  In  1S55  she  was  purchased  by  Messrs. 
Pethericit,  of  Bude,  who  have  just  had  her  instaUed  with  a 
two-cylinder  24-hp.  marine  heavy-oil  engine. — "The  Gas  En- 
gine." 


Situation  for  Elevator  Inspector — The  Chicago  Civil  Ser- 
vice Commission  will  hold  an  examination  Nov.  4,  1913,  for 
elevator  inspector.  Salary,  $1440-$1620.  Subjects  of  examin- 
ination:  Special  subject,  penmanship,  arithmetic,  experience, 
report.  Duties:  Inspects  all  elevators  and  other  mechanisms, 
devices  and  apparatus  assigned  to  him  by  the  inspector  in 
charge,  both  existing  and  in  process  of  being  erected  or  in- 
stalled, together  with  all  the  equipment  and  inclosures 
thereof,  making  daily  reports  to  the  Commissioner  of  Build- 
ings regarding  condition  of  same;  performs  such  other  duties 
as  may  be  assigned  to  him  by  the  Commissioner  of  Buildings. 


OVER  THE  SPILLWAY 

JUST  JESTS,   JABS,   JOSHES  AND  JUMBLES 


It's  been  some  lively  in  York  village  this  week,  what  with 
Emmy  Pankhurst  and  Tony  Comstock,  Old  Bill  Sulzer  and 
Eddie  McCall,  Jawn  Hennessy,  Chief  Murphy  and  other 
prominent  villagers.  There's  some  doin's  expected  come  this 
day    week. 

We  are  hiding  a  coal  supply  away  from  our  friends  the 
enemy  in  chambers  built  in  the  bottom  of  the  Panama  Canal. 
Nobody's  going  to  make  an  unexpected  call  on  your  Uncle 
Sam  and  find   his  fires  out. 

Relatives  and  friends,  and  others,  have  unveiled  a  statue 
to  the  Pilgrim  Fathers  in  Southampton,  England.  While 
most  of  us  never  get  any  nearer  a  Plymouth  Rock  than  the 
henyard,  it's  consoling  to  Icnow  that  those  jolly  old  roosters 
are  still   remembered   in   old  Albion. 

Some  corn  was  raised  in  Illinois  this  year  that  was  17  ft. 
2  in.  high  and  produced  40  ears  to  the  stalk.  Hope  this  fact 
will   bring   down   the  price  of  Peoria  "lubricant." 

A  frequent  application  of  the  garden  hose  keeps  the  Eng- 
lish public  statues  real  clean  and  perked  up.  Good  plan  to 
try  hereabouts.  Shakespeare's  chin  whiskers,  Pete  Stuyvesant's 
peg  leg,  George  Washington's  horse,  Horace  Greeley's  lam- 
brequins and  a  host  of  statuesque  figures  would  be  almost 
recognizable  at  times  if  old  Dad  Knickerbocker  would  buy  a 
hose. 

Doctor  Diesel's  death  will  be  felt  here  as  well  as  abroad, 
opines  the  "Engineering  Record."  "Imbued  with  the  ambition 
of  discovering  a  prime  mover  of  high  thermal  efficiency,  he 
always  kept  his  attention  steadfastly  directed  toward  this 
great  idea.      He  had  a  single  great   idea — and  he  cluJig  to  it." 

Seven  thousand  men  are  at  work  building;  New  York  City's 
subway  lines.  The  cost  will  be  about  .$200,000,000.  Soon 
there'll  be  6,000.000  of  us  in  Greater  New  York,  and  if  we 
can't  plow  our  way  across  the  city,  we  must  burrow  under  it 


In  a  physicist's  laboratory  was  discovered  a  spark  phe- 
nomenon which  in  time  grew  to  a  worldwide  usefulness — the 
wireless  means  of  communication.  As  an  instance,  the  other 
day  it  saved  the  lives  of  over  500  people  on  board  the  ill- 
fated  "Volturno."  Its  usefulness  is  only  beginning;  no  one 
knows    its    future    power    for    good. 

Ever  seen  a  scarecrow — we  mean  a  cornfield  scarecrow? 
The  Department  of  Agriculture  has  put  the  kibosh  on  the 
scarecrow  by  saying  that  the  crow  is  a  blessing,  not  a  pest. 
And  proved  it  on  opening  a  crow's  tummy  and  finding  it  full 
of  detrimental  bugs  and  insects — detrimental  to  the  crops, 
that  is.  Seems  like  all  our  old  institutions  are  fast  disap- 
pearing. 

If  you  know  an  A-1  "garbager"  set  him  hep  to  Chicago. 
Some  of  the  technical  papers  now  carry  a  regular  depart- 
ment heading:  "Chicago's  Garbage-Disposal  Situation."  "That 
city  had  two  years  to  provide  for  handling  the  garbage,  and 
has  fallen  down."  says  a  contemporary.  Let's  see,  two-year- 
old   garbage,   and   it  fell  down?     Must   mean   knocked   down. 

Now  that  the  airship  becomes  a  greater  menace  in  war- 
time than  a  tunnel  across  the  English  Channel,  the  tunnel 
is  being  seriously  considered.  Perhaps,  some  near  day.  J 
Bull  and  Jacques  Bonhomme  may  be  able  to  toddle  over  to 
see   each  other  without  their  goloshes. 

My  word!  but  the  "Electrical  Times,"  London,  for  a  tech- 
nical journal  is  the  giddy  old  thing.  You'd  jolly  well  believe 
it.  old  chap,  if  you'd  read  its  account  of  the  English  National 
Gas  Exhibition.  It  was  ghastly!  (Good  joke,  by  Jove,  eh 
what?)  It  blushed  over  the  corset  shop,  it  drooled  over  the 
"captivating  young  damsels,"  and  it  bloomin'  near  blew  out 
the  gas,  because  it  doesn't  like  gas,  y'know.  I  say  'Arrlet, 
come  'ome  with  your  'Enry;   this   is   no   place  for   we. 
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A  Practical  Talk  on  Case-Hardening 


By  Frank  Xhholson 


t.  Maximum  stre-ss,  62,000 
ci-iit.  Elongation  in  2  in., 
Ueduction  of  area  55   to  60 


'NOrSlS — Canc-li ardent II ij  is  iisiialli/  n  iiialh'r  nf  (///r.sv 
irlt.  Siiggexliuiia  for  ublainiiiij  iiiiifurni  rcsiills  (irc 
rein  given.  The  article  irill  prove  of  value  In  I'lKjiiicrrs 
10  iisiiallii  have  a  f/ooilli/  share  of  ease-hirileiiiiKj  la  ilu. 

Case-hardoniiig  is  accoiii|)iislic(l  liy  taking'  a(lvaiitn,2c'  cif 
I'  Fact  that  iron  and  soft  stci'l  cuinliiiic  witli  earl)oii  at 
iipcratures  above  a  low  red  heal. 

Casi^-IIai!I)K.\i\g  Oi'i;i;a'it()ns 

The  esseutials  in  case-liarilunino-  operations  are  a.<  fol- 
ivs :  A  suitable  .steel ;  the  necessary  furnaces  ami  eciui]!- 
ant;  the  carbonizing  material;  projjer  temperalui-e. 
The  steel  should  be  of  good  quality  and  unifoi'iii  com- 
sition.  A  steel  having  the  following  analysis  ami  nic- 
anical  properties  is  Tec(niuiK'n(leil : 

Carbon  not  over  0.2  per  r.^nt.  Jlanganese  not  over  0.5 
1-  cent. 

Sulptiur    not    over    0.04    per 

72,000    lb.    per   sci.in. 

Phosphorus    not    over    0.U4 

per   cent. 

Silicon  not  over  0.05   per  ee 
r  cent. 

This  steel  will  be  found  to  give  the  necessary  me- 
anical  properties  when  properly  treated.  It  should  be 
3e  from  all  mechanical  defects,  such  as  seams,  rolling 
ps,  rolled-ill  scale,  etc.,  and  should  preferably  be  an- 
aled  before  machining.  Tliis  treatment  will  release  all 
olecular  stress  set  up  in  the  rolling  operation. 
The  furnaces  may  be  licali'd  by  coal,  coke  oi'  gas.  It  is 
^ential  that  the  furnace  simuld  be  capable  of  maintain- 
g  a  uniform  temperatiu'c.  ll  is  necessary  that  the 
rnaces  should  Ije  equipi)C(l  wilb  pyrometers,  so  that  the 
mperature  can  be  regulated  wilh  precision  and  con- 
lence. 

Thermo-electric  pyrometers  are  the  handiest  for  most 
)rk,  and  they  are  easily  manipulated.  Care  should  be 
ken  that  the  hot  end  of  the  thei-mocouple  tube  is  placed 

such  a  position  that  it  accurately  indicates  the  tem- 
rature  of  the  furnace.  Xeai'  the  furnace  should  be 
aced  the  quenching  tanks,  so  that  the  work  on  reheating 
ay  be  quickly  withdrawn  ami  quenched.     They  should 

supplied  with  cleai'  cold  water,  wliicli  should  be  fre- 
ently  changed. 

CAifFi(>x(zi.\({  M  \ii;i;iAi. 

arli<iiiiziiig  is  effected  by 


As  already  pointed  out,  I 
rbon  and  some  of  its  compnuii 
red  heat.     Many  nii.xtii 
Id  these  necessary  ga^ 


while  the  metal  is  at 
have  been  used  which  will 
including  lealliei-,  charcoal. 
ne  and  bone  charcoal,  prussiate  of  potash,  cyanide  of 
tash  and  a  mixture  of  charcoal  and  barium  carbonate, 
le  latter  is  rccommeiKled,  ihe  others  being  open  to  many 
Jcctions.  The  pro])ortions  are  'iO  per  cent,  charcoal  and 
])er  cent,  barium  carbonate. 

Assume  that  we  have  a  batili  (d'  work  to  be  carbonized, 
le  boxes  to  contain  tlie  articles  should  preferably  be  of 
■ought  iron,  as  this  will  stand  much  more  fire  than  steel. 
)r  small  work  weighing  only  a  lew  ounces  to  a  few 
unds,  boxes  T?.\S\S  in.  will  be  quite  large  enough. 

♦Excerpts  from   an   article   in   the    ".\merican   Machinist." 


Tlie  packing  sluinld  lie  carefully  done.  The  IkiHiuu  of 
llie  lidx  Nhduid  lia\e  a  layei'  of  carbonizing  material  about 
1'^  in.  dee]i.  'i'lie  articles  should  be  laid  on  this  in  such 
a  manner  tbal  tliere  is  at  least  a  .space  of  1  in.  between 
t'aeli,  and  li<'lweeii  them  ami  the  sides  of  the  box.  Another 
layer  (if  inatenal  shcmld  ilieii  be  laid  on  and  the  ])acking 
ecnitinued  until  the  tup  layei'  is  1  in.  from  the  top  of  the 
box.  The  material  must  not  be  rammed  tight  around 
the  work,  as  carbonizing  is  chiefly  effected  Ijy  gases;  suffi- 
cient space  must,  therefore,  be  left  for  free  circulation. 

If  the  materials  and  work  are  simply  laid  in  and  the 
l.'oxes  given  .several  sharp  blows  with  the  hammer,  the 
l)acking  will  evenly  adjust  itself.  A  test  bar  as  nearly 
like  the  job  as  possible  should  be  included  in  each  box. 
The  lid  should  now  be  dropped  into  position,  so  that  it 
easily  fits  inside  the  top  of  the  box.  It  should  be  luted 
on  with  wet  clay,  so  that  the  gases  generated  may  be  re- 
tained to  do  their  work  and  to  prevent  oxidation  of  the 
articles  by  the  oxidizing  gases  in  the  furnace. 

C'aiiuoxizixg 

With  the  furnace  rai.-^cd  to  a  full  red  heat,  the  boxes 
are  ready  for  charging.  They  should  be  put  into  the  fur- 
nace in  sneh  a  way  that  tliere  is  ample  space  between  the 
sides  of  the  furnace  and  the  boxes  and  also  between  the 
boxes  themsel\es.  This  will  insure  uniform  heating  aiuJ 
consequently  better  «ork.  The  boxes  sliould  be  at  a  fuK 
red  heat  in  ri'om  I  Id  'i  lir.,  depending  upon  their  number 
and  size.  The  ]iyrdmeter  sliould  be  inserted  and  the  fur- 
nace regulated  so  that  a  temperature  of  itOO  dcg.  ('.  is 
obtained.  This  should  be  iiiaiiitaiiied  and  not  be  allowed 
to  exceed  ')2!)  deg.  ('. 

In  carlionizing,  we  are  aiming  to  produce  a  case  con- 
taining o.H  to  (1.85  jier  cent,  carbon.  This  percentage 
will  gi\c  us  the  necessary  hardness  without  brittleness. 
If  the  teiiipeiature  is  raised  too  high  the  case  will  contain 
too  great  a  earbcui  percentage,  the  articles  will  be  likely 
to  chip  and  flake;  while  if  the  temperature  is  not  suffi- 
ciently high  tlie  article  will  not  be  hard  enough. 

An  exposure  of  3  hr.  at  a  temperature  of  000  deg.  C. 
will  yield  a  case  of  about  rh  iii-j  ^nd  an  exposure  of  4  to 
41/0  hr.  abdiit  iV  in.,  which  is  ample  for  most  purposes. 
'\^'llen  the  operation  of  carbonizing  is  complete,  the  boxes 
sluiiibl  be  wilbdrawn  and  allowed  to  cool  slowly  in  the 
air.  On  no  a(((Mint  must  they  be  hardened  in  the  good 
old  hit-or-miss  style  by  ])it(4iing  into  water. 

If  the  tesi  liar  is  now  li-aetured  it  will  be  found  to 
|iossess  a  coarse,  grannbir  fracture,  which  is  said  to 
■',-tare."  The  metal  is  in  a  very  soft,  weak  and  brittle  con- 
dition and  totally  unlit  for  the  purpose  for  which  it  is 
intended.  This  condition  is  caused  by  its  exposure  for  a 
]n'oloiiged  period  at  a  high  temperature.  We  see  two  dis- 
tinct metals  in  the  fracture,  the' ca.se  being  much  smaller 
in  grain  than  the  core.  It  is  our  business  now  to  restore 
both  the  core  and  case  to  their  greatest  strength  by  suit- 
ably treating  them. 

Hk.^t  Ti?eati\[ent 

Steel  can  l)e  hardened  by  quenching  from  just  above 
a  certain  critical  point,   which   varies   according  to  the 
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percentage  ol'  i.-;uli(iii  ((iiidiiiicd  in  tlie  steel.  If  a  sain]ili' 
of  steel  is  qiu'iiclicd  Irdiii  a  t('iii|ici-alui'e  iiil'ei'ior  t(i  its 
critical  point,  tlir  cliaiitie  which  shmihl  take  place  at  that 
point  does  Jiot  (icciiv  and  the  metal  is  not  fully  refine<l 
or  hardened.  If  it  is  reheated  to  a  temperature  superior 
to  this  point  and  is  then  quickly  cooled,  it  assumes  ths 
finest  structure  that  it  is  capable  of  assuming,  and,  wilii 
that,  its  greatest  strength. 

The  temperature  at  which  this  cliauge  is  eifected  in  the 
core  is  about  875  dcg.  ('.  The  case-hardened  articles 
should  be  reheated  to  this  temperature  and  the  heat 
should  be  fairly  quick.  A  prolonged  soaking  will  result 
in  tlie  growth  of  the  crystals,  jiiid  if  this  occurs  the  metal 
will  be  brittle.  When  the  heat  lias  been  reached  and  the 
articles  are  iJroperly  soaked  through,  they  should  be 
quickly  withdrawn  and  immediately  quenched  in  cold. 
clean  water. 

This  treatment,  although  it  has  made  the  soft  roi'i- 
strong  and  tough,  has  rendered  the  case  very  brittle,  lie- 


A  Combined  Open  Feed-Water  Heater 
and  Hot-Water  Meter 

It  is  hard  for  one  to  know  how  much  lictter  he  might 
do  if  he  does  not  know  how  well  he  is  doing.  It  is  hard 
to  tell  how  much  better  one  ciiui  m-  one  method  of  using 
it  is  than  another  if  one  lias  no  way  of  measuring  re- 
sults. 

There  is  nothing  that  can  be  put  into  a  steam  plant 
A\hicli  will  give  tlie  operator  more  valuable  infornnition, 
more  ins)nrati(in  to  effect  impr(jvements  and  more  guid- 
ance in  carrying  thcTii  out  than  a  meter  on  the  boiler 
feed-water  sujiply.  The  ad\antages  of  combining  such  a 
meter  with  its  open  heater  was  impressed  upon  the  Har- 
rison Safety  Boiler  Works,  IMiiladelphia,  and  it  has 
furnished  a  considerable  jiumher  of  its  heaters  so 
equip]  led. 

The  type  of  nii'tei-  emjiloyed  is  the  V-notch  weir,  in 
uliicli    the    cross-section    of   the    orifice    occupied   by   the 
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cause  its  refining  tempeiature  has  been  much  exceeded. 
The  articles  should  now  be  reheated  to  a  temperature  of 
from  770  deg.  to  790  deg.  C,  and  quenched  as  before. 
This  treatment  will  produce  a  case  which  is  deadhard,  but 
which  will  leave  the  core  unaffected.  The  reason  for  this 
is  that  the  second  temperature  has  not  been  sufficiently 
high  to  undo  the  effects  of  the  higher  temperature. 

A  heavy  case  will  fracture  long  before  the  core,  but  it 
forms  a  line  of  weakness  which  will  result  in  the  frac- 
ture of  the  whole. 

Many  jobs  may  be  greally  improved  by  tempering. 
Where  great  strength  and  toughness  are  desirable,  even  at 
the  expense  of  a  little  surface  hardness,  the  articles 
should  be  immersed  for  10  or  15  min.  in  a  bath  of  oil 
or  tallow,  heated  to  a  temperature  from  300  to  300  deg. 
C,  according  to  the  degree  of  temper  desired. 


flowing  water  is  always  a  ti-iangle  of  the  same  shape  hav- 
ing, therefore,  a  constant  ratio  of  depth  to  width.  Al 
small  flows  the  variations  in  head  are  rapid,  giving  a  good 
percentage  of  accuracy.  The  formula  connecting  the 
head  or  depth  in  the  weir  with  the  quantity  flowing  was 
shown  by  Prof.  James  Thomson,  of  Glasgow  University, 
in  1S60  "to  be 

F  =  0.305  7/' 

where 

F  =  Flow  in  cubic  feet  per  minute ; 
JI  =  Head  in  inches  over  apex  of  a  90-deg.  notch. 
A  simple  mechanism  can  be  made  to  move  the  pen  of  i\ 
recorder  in  this  relation  to  the  depth  of  water  in  the  weir 
as  measured  by  a  float,  so  that  equal  divisions  upon  the 
chart  are  passed  over  for  equal  increments  of  flow. 
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^  .  h  a  meter  require::  but  a  small  head  for  its  opera- 
offers  no  inclosed  passages  nor  constricted  areas  to 
110  clogged  up  and  provides  storage  between  the  measuring 
device  and  the  pump  so  that  the  indications  of  the  former 
are  not  affected  by  the  vibrations  set  up  by  the  latter. 
The  placing  of  the  meter  in  the  heater  makes  it  possible 
to  measure  water  at  any  temperature  or  pressure. 

In  the  Cochrane  metering  lieater,  or  combined  open 
feed-water  heater  and  meter,  the  usual  settling  chamber 
is  used  as  the  still-water  or  approach  chaiiiber  for  the 
weir.  A  floiit  in  the  outflow  chamber  on  the  down-stream 
side  of  the  weir  controls  the  cold-water  valve  through 
which  make-up  water  is  admitted  to  the  heater  and  the 
open  space  above  the  water  in  the  weir  chamber  is  con- 
nected to  the  steam  space  of  the  heater  by  an  equalizing 
pipe,  as  sliown  in  Fig.  1.     \Yhere  head  room  is  limited 
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2.   Beoken   View  of  the   Cochkake   Meterixg 
Heater 


or  large  water-storage  capacity  is  required  a  cyimdrieal 
form  of  heater  is  recommended.  AVhere  only  part  of  the 
water  is  to  be  metered  two-compartment  heaters  are  sup- 
plied or  a  heater  may  be  arranged  to  meter  two  supplies 
of  water  used  separately.  The  metering  apparatus  can 
be  attached  to  heaters  already  in  use.  Its  connection  to 
a  closed  heater  is  shown  in  Fig.  1,  and  to  an  open  heater 
in  Fig.  2. 

The  registering  and  recording  mechanism  is  operated 
by  a  large  copper  float  located  in  a  chamber  connected 
through  a  throttle  or  choke  valve  to  the  still-water  cham- 
ber, and  inclosed  within  the  heater  construction.  From 
the  float  a  brass  rod  rises  vertically  through  a  stuffing-box 
or  anti-vapor  gland  into  the  recorder  casing,  where  it 
carries  a  vertical  rack  engaging  with  a  pinion  mounted  on 
the  spindle  of  a  spiral  cam.  This  cam  is  so  laid  out  that 
a  pen  carriage  is  caused  to  travel  equal  distances  hori- 
zontally for  equal  increments  in  the  rate  of  flow.  The 
pen  in  turn  bears  upon  a  drum  which  is  revolved  once  in 
24  hr.  by  an  eight-day  clock.  The  chart  upon  which  the 
record  is  made  is  wrapped  around  this  drum,  and,  inas- 
much as  distances  crosswise  represent  flow  in  pounds  per 


hour,  and  distances  lengthwise  represent  hours,  the  area 
of  the  chart  under  the  pen  tracing  represents,  to  an  ap- 
propriate scale,  the  total  flow  in  pounds  of  water  during 
any  given  period. 

The  area  under  the  curve  may  be  determined  either  by 
means  of  an  ordinary  planimeter,  or  an  automatic  in- 
tegrating device  can  be  provided  which  gives  directly  the 
total  flow  corresponding  to  any  elapsed  period.  In  any 
case  tlie  record  made  by  the  pen  is  of  value  independently 
of  the  integrated  result,  since  it  shows  the  variation  from 
moment  to*  moment  throughout  the  day. 

The  vertical  rack  rod  of  the  recorder  is  fitted  with  a 
pointer  traveling  over' a  sc-ale  divided  into  inches,  whiih 
serves  the  double  purpose  of  affording  an  easy  means  of 
initial  adjustment  of  the  instrument,  and  of  computing 
the  flow  directly,  independently  of  the  cam.  The  sur- 
face of  the  cam  is  also  marked  so  that  the  flow  may  lie 
read  off  inde]x;ndently  of  the  pen,  furnishing  a  means 
for  adjusting  or  checking  the  adjustment  of  the  pen  upon 
the  chart  at  any  time. 

Two  Cochrane  metering  heaters  of  very  large  capacity 
have  recently  been  supplied  for  the  new  Two  Hundred 
and  First  St.  power  plant  of  the  New  York  Edison  Co. 
The  discharge  of  the  condenser  air  pumps  is  first  received 
in  the  metering  hotwell  loc-ated  on  the  turbine-room  floor, 
from  which  it  divides  and  passes  in  equal  parts  to  the 
two  metering  heaters  on  the  floor  below.  This  hotwell 
also  receives  and  divides,  but  does  not  meter,  the  make- 
up water.  It  has  a  total  capacity  of  1,200,000  lb.  of 
water  per  hour.  The  metering  heaters  are  installed  ac- 
cording to  the  double-unit  system,  that  is,  in  parallel,  both 
as  regards  the  exhaust-steam  supply  and  the  withdrawal 
of  water,  each  having  capacity  of  600,000  lb. 

The  meters  are  guaranteed  to  give  a  result  when  in- 
tegrated over  an  hour,  day  or  week,  that  will  agree  with 
the  amount  of  water  as  determined  by  weighing,  within 
IV2  P^i"  cent.,  variation  in  temperature  of  the  water  not 
to  exceed  25  deg.  F.  above  or  below  the  temperature  for 
which  the  instrument  is  designed. 

In  a  test  recently  made  at  the  works  of  the  manu- 
facturer upon  a  meter  designed  to  deliver  300,000  lb.  of 
water  per  hour  an  average  error  of  only  0.48  per  cent. 
was  obtained. 


Thyssen  Vacuum  Pump 

There  has  recently  been  put  on  the  market  an  interest- 
ing centrifugal  air  pump  for  high-vacuum  service.  Tins 
pump  is  patented,  is  the  design  of  Thyssen  &  Co.,  Mul- 
heim-Euhr,  Germany,  and  has  been  in  operation  in  many 
of  the  largest  power  stations  of  Europe  for  several  years. 

The  development  of  the  Thyssen  air  pump,  herein  de- 
scribed, was  due  to  the  necessity  of  having  an  efficient 
high-vacumn  pump  for  large  turbine  units,  that  would 
take  up  little  space  and  bs  free  from  the  objections  of 
reciprocating  air  pump:  and  at  the  same  time  eliminate 
the  shortcomings  of  some  of  the  centrifugal  air  pumps 
already  on  the  market. 

A  section  of  the  pump  is  shown  in  Fig.  1,  from  which 
will  be  seen  that  the  machine  is  practically  a  double-im- 
peller, single-stage  centrifugal  pimip  "ith  horizontally 
divided  case.  Each  impeller  discharge?  ntc  an  annular 
nozzle  from  which  the  water  emerges  n  f.  thin  '"""i-n  of 
high    velocity,   entraining  the   air  from  the   condenser 
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through  ail  annular  diffuser  or  conversion  throat  and  dis- 
charging  the  mixture  against  atmospheric  pressure. 

The  moving  element  consists  of  two  single-stage  im- 
pellers mounted  right  and  left  hand  on  a  driving  shaft 
and  betv^een  them  is  mounted  a  disk  carrying  two  nozzle 
rings.  There  are  four  of  these  nozzle  rings,  the  other 
two  being  separate  and  stationary,  one  attached  to  the 
casing  and  the  other  forming  a  sliding  sleeve  which  is 
controlled  by  a  hand-operated  external  adjustment  that 
can  be  moved  axially,  thus  varying  the  width  of  opening 
between  the  rotating  and  stationary  rings  to  regulate  the 
quantity  of  water  for  a  given  speed  and  temperature  of 
entraining  water. 


nozzle  rings.  In  order  to  permit  the  impellers  to  retain 
their  central  position  under  the  nozzle  rings  with  vary- 
ing positions  of  the  adjustable  ring,  a  small  lateral  move- 
ment of  tlie  nozzle  ring  is  immediately  followed  by  a 
movement  of  the  shaft  endwise,  bringing  the  pump  in- 
stantly into  hydraulic  balance  by  discharging  the  water 
pumped  by  the  two  impellers  through  the  annular  open- 


A=  AirSuctfon Chambers  '~v^ 

^=  YtatsrSucf/onfiissages   ^ 

C  =  WafsranaAir 

Discharge  Parages 


Fig.  1.  Cross-Section  of  Thyssen  Pump 

The  action  of  the  pump  is  as  follows:  The  entraining 
or  "hurling"  water  is  drawn  into  the  pump,  as  in  an  or- 
dinary centrifugal  pump,  and  discharged  by  the  impellers 
in  two  parallel  films.  Each  discharge  nozzle  consists  of  a 
stationary  and  a  revolving  ring,  by  which  the  particles  of 
water  are  given  a  swirling  movement  which  greatly  in- 
creases the  air-entraining  effect  of  the  water  leaving  the 


rnYs.sicx  Pump  and  Circulating  Tank 


ings  of  equal  width  between  the  two  sets  of  nozzle  rings. 
The  pump  is  commonly  located  over  a  small  tank,  as 
.=hown  in  Fig.  3,  but  can  be  arranged  to  draw  and  dis- 
charge the  entraining  water  in  parallel  with  the  circulat- 
ing pump  if  preferred. 

These  pumps  are  built  for  a  wide  range  of  capacities ; 
speeds  from  1000  to  3000  r.p.m.  being  permissible,  per- 
mitting either  economical  turbine  drive  or  slower  speeds 
to  suit  motors. 

Many  attractive  pump  combinations  for  surface,  jet 
and  barometric  condensers  are  possible  with  this  ma- 
chine, as  in  Fig.  2,  where  the  circulating,  Thyssen  air 
and  centrifugal  hotwell  pumps  for  a  surface  condenser, 
taking  care  of  a  3500-kw.  steam  turbine,  are  shown;  the 
compactness  and  simplicity  of  the  design  being  obvious. 

The  C.  H.  Wheeler  Manufacturing  Co.,  Philadelphia, 
Penn.,  has  acquired  the  sole  manufacturing  and  selling 


Fig.  3.  Tukbine-Driven  Air-Circulating  and  Hot-Well  Pumps 
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lor  the  Thysseu  iHini|i  in  ihc  United  States  and 
nni.ua;  and  lias  already  uoutrai-tud  to  furnish  a  large 
iinilicT  of  them  for  various  power  plants.  They  are 
lilt  in  sizes  up  to  15.000  kw.  eapaeity  in  one  unit. 

'he  Abatement  of  Locomotive  Smoke* 

By  D.  F.  Cii.uvi-oitDt 
IjOco.motivk  ('DMiir.s'i'iox  ISatk.s 

Dense  smoke  represents  some  wasted  fuel  and  as  the 
)st  of  fuel  represents  from  s  to  U)  per  eent.  of  the  total 
)eratiug  cost  of  the  railway,  one  of  the  most  oiivious 
avs  of  reducing  operating  expenses  is  to  eeonomize  in 
le  u.se  of  fuel. 

To  obtain  from  modern  loeomotives  the  avera.^e  power 
iquired  from  them  it  is  necessary  to  eonsun\e  fuel  at 
le  rate  of  about  100  lb.  of  eoal  per  sq.ft.  of  grate  {X^r 
[•.,  and  to  obtain  the  maximum  power  required  it  is  nee- 
;sarv  to  consume  150  lb.,  and  at  times  in  excess  uf  this 
uount,  |Jer  square  foot  of  grate  per  hour.  That  is.  to 
Jtain  the  power  necessary  to  perform  the  work  de- 
anded,  a  boiler  which  from  its  heating  surface  would 
i  rated  at  about  o'iO  hp.  is  fi-equently  forced  to  dc- 
;lop  over  1500  l)oilcr  h<]i-sc|)ower,  and  (mr  records  show 
lat  another  boiler,  which  would  on  the  basis  of  heating 
irfaee  be  rated  at  about  100  hp.,  has  <leveloped  as  high 
;  19!)i  boiler  horsepower. 

The  performance  stated  above  requires  eoal  eonsump- 
on  at  the  rate  of  from  600()  to  10.000  lb.  of  coal  per 
r.,  and  in  the  cases  cited  this  was  done  on  a  grate  of 
J  sq.ft. 

From  the  above  it  is  surely  evident  that  the  abatement 
'.  the  smoke  from  such  combustion  is  beyond  comparison 
ith  the  simplicity  of  taking  care  of  the  smoke  from  a 
ationary  boiler  with  the  low  rates  of  combustion  ob- 
ined  in  such  practice. 

The  Locomotive  Stoker 

For  the  ]iast  nine  years  the  Penn,sylvahia  Lines  west 
'  Pittsburgli  have  been  working  to  develop  a  mechanical 
oker  for  locomotive  use,  and  the  results .  so  far  have 
!en  sufficiently  satisfactory  to  warrant  its  ai)]3licatipn 
I  a  total  of  300  locomotives,  of  which  '^15  are  at  work — 
5  in  passenger,  130  in  freight  and  19  in  switching  ser- 
ce.  ■ 

Repeated  coiii])arisons  of  the  smoke  produced  by  loeo- 
otives  with  and  without  tlic  stoker  show  that  these 
|ui])ped  with  the  stoker  may  he  operated, Aytth  from  one- 
nth  to  one-third  of  the  smoke  made  by  similar  locomo- 
ves  in  the  same  service  without  tlie  stoker ;  the  amount 
the  reduct-ion  depending  on  the  class  of  service  and 
intinuity  of  the  run. 

Two  locomotives,  one  with  and  one  without  the  stoker, 
ere  attached  to  a  double  train  of  freight  cars,  so  that 
ich  locomotive  was  loaded  to  its  capacity,  and  observa- 
ons  of  the  smoke  made  while  pulling  the  train  up  a 
iavy  grade.  Tn  this  case  the  average  smoke  was  as 
illows: 

Stoker-fired    locomotive 8  per  cent. 

Hand-fired    locomotive 78  ]ier  cent. 

•Excerpts  from  a  paper  read  before  the  1913  convention  of 
le    International    Society    for    the    Prevention    of    Smoke. 

tGeneral  superintendent,  motive  power.  Pennsvlvania  Lines 
'est    r.f    Pittsbursh. 


The  supi'ilicater,  wliieii  is  now  applied  to  many  loco- 
motives, and  which  will  be  applied  to  many  more  in  the 
future,  does  much  toward  the  abatement  of  locomotive 
smoke,  in  tliat  it  permits  operation  at  a  given  power  out- 
put with  from  10  to  20  per  cent,  less  coal  than  a  loco- 
motive developing  the  same  power  not  provided  with  a 
su])erlieater.  Less  coal  being  requii-ed,  there  will  conse- 
quently be  less  smoke. 

Perhaps  the  most  difficult  problem  in  the  abatement  of 
smoke  from  locoinotive.s,  is  the  reduction  of  the  amount 
of  smoke  made  at  the  locomotive  terminals,  where  fresh 
fires  are  made,  to  prepare  the  locomotives  for  service. 

Xotw-ithstandiiig  careful  instructions,  supervision  and 
e\]ieriments  witli  different  fuel.s,  mixtures  of  fuels,  and 
api)liaiices,  a  satisfactory  solution  has  not  yet  appeared. 

Several  years  ago  endeavors  were  made  to  collect  the 
smoke  and  gases  by  suction  fans  and  pass  them  through 
water  sprays  to  i^recipitate  the  heavier  contents,  hut  with- 
out success,  the  size,  fir.st  cost  and  operation  cost  pro- 
hibiting a  plant  of  sufficient  capacity.  A  modification 
of  this  arrangement,  in  which  the  smoke  and  ga.ses  are 
forced  through  a  considei'able  bfidy  (jf  water,  is  about  to 
l)c  ]iut  ill   operation. 

.Vt  the  ]n-csent  time  the  I'ennsylvania  Lines  has  under 
cojistniclion,  at  the  engine  house  in  Allegheny,  apparatus 
to  carry  the  smoke  and  gases  from  the  locomotives  in 
which  fires  are  being  prepared,  through  an  underground 
duct  and  a  fan,  di.schargiug  them  into  a  stack  150  ft. 
high,  7  ft.  in  diameter.  It  is  felt  that  this  arrange- 
ment will  not  only  carry  the  smoke  and  gases  consider- 
ably above  the  buildings  immediately  adjacent  to  the  en- 
gine house,  but,  owing  to  the  size  of  the  .stack,  permit 
of  ccnisiderable  jirecipitation   of  the  heavier  particles. 

The  stack  will  be  so  located  that  it  will  be  possible  to 
interpose  smoke-washing  ap])aratus  between  it  and  the 
fan,  should  a  sufficiently  ])romising  method  be  developed. 

ElI.MIXATIOX    of   the    S't'EAM    LOCO.MOTIVE 

In  the  present  state  of  the  art,  of  cour.se,  this  means 
the  substitution  of  electric  motive  power  for  all  the  lo- 
comotives now  in  use,  as  no  other  method  is  now  avail- 
able.* 

The  performance  of  the  locomotive  boiler  compares 
favorably  with  the  average  results  olitained  in  stationary 
practice,  and  the  performance  of  the  complete  locomo- 
tive of  modern  construction,  is  sufficiently  efficient  to  per- 
mit obtaining  a  coal  rate  of  2.1  lb.  per  i.hp.-hr..  or  2.5 
lb.  of  coal  per  hp.-hr.  delivered  at  the  drawbar  of  the 
tender. 

The  cost  of  e\erythiiig  electri<-  is  enormous.  The  cost 
of  the  electric  locomotive  is  at  least  doulile  that  of  the 
steam  locomotive,  which  it  is  supposed  to  replace,  and 
liefore  electric  locomotives  can  be  o])erated  it  is  nec- 
essary to  incur  a  large  additional  outlay  for  power  hou.ses, 
transmission  sy.stenis,  track  preparation  and  all  of  the 
other,  apparatus  and  material  which  is  necessary  to  com- 
plete an  electric  .system. 

One  estimate  brought  to  the  attention  of  the  writer, 
])rovides  an  investment  of  about  .$-^00.000  for  each  steam 
locomotive  displaced,  or  about  ten  times  the  co.st  of  each 
of  the  latter. 


♦Except  internal  combustion.  See  "Power."  Sept.  30.  1913, 
page  470.  for  description  of  the  first  Diesel  locomotive. — 
Editor. 
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Staten   Island   Boiler  Explosion 


SYNOPShS <o//(r   li;/l,l   nil    llir   ,Y///xrx   „/   I hr   /'.rplosioN 

it   the   plant   uf   I  he   1,'irli  iiniinl    LiijJif    cC-    Railiraij    Co., 
n  irlilrli  .yt'rcii  were  icillvd  timl  lliree  limlUj  injured. 

In  last  week's  issue  brief  meutioii  was  made  of  the 
liwistrous  boiler  explosion  which  oecnrred  at  tlie  plant  of 
he  riiehmond  Light  &  llaihvay  Co.,  at  Livingston,  Staten 
[sland,  on  Oct.  21  ;  further  details  are  herewith  given. 

As  stated,  six  men  were  killed  outright  and  four  seri- 
mslj'  injured;  one  ol'  these  has  since  died,  making  the 
:otal  fatalities  sexeii. 


ty].e  of  boiler  is  biimiictl  to  a  radius  I'qual  to  the  diam- 
elrr  (it  the  sbcll,  but  where  \\w  liraii  is  flanged  up  to  join 
the  drum  it  is  necessary  to  depart  from  this  radius.  It 
A\as  at  tliis  section  (see  Fig.  6)  that  the  failure  oc- 
curred in  alnuist  a  perfect  circle.  Although  there  Avas  some 
pitting  of  the  lower  head,  it  was  not  enough  to  cause 
apju'ehension  and  the  metal  at  the  line  of  the  failure 
showed  no  signs  of  wasting  away,  in  fact,  it  was  little  less 
tluin  the  original  thickness  of  ^  in. 

In  trying  to  account  for  the  failure  under  these  con- 
ditions   it    seems    reasonable    that    with    the   "breathimj;"' 


Fig.  1.    ViKw  fhom  ()i"i'siiii.:  ok  HriLnixc;,  Showing 
Wtmiow  lli.owx  OrT 

The  boiler  was  of  the  vertical  Wickcs  type,  rated  at  300 
hp.  and  had  drums  al)out  7  ft.  iu  diameter.  The  pressure 
carried  was  150  lb,;  not  ISO  lb.  as  first  reported.  It  had 
been  installed  in  1901  and  the  last  internal  inspection 
was  made  on  Oct.  30,  1912. 

As  far  as  can  be  learned,  the  boiler  had  been  washed 
out  the  day  of  the  accident,  and  was  put  back  in  service 
to  help  carry  the  peak  load.  It  had  heen  cut  in  on  the 
line  oidy  about  10  min.  when  the  explosion"  took  place. 

The  failure  occurred  in  the  bottom  head,  sending  the 
boiler  up  through  the  roof  like  a  rocket,  the  slight  in- 
clination causing  it  to  descend  in  the  Kill.  The  reac- 
tion drove  the  head  with  the  mud  drum  attached,  into 
the  basement,  these  being  found  in  the  position  shown 
in  the  sketch.  Fig.  .5.  The  mud  drum  was  severed  fi'om 
the  head,  undoubtedly  by  striking  a  floor  beam ;  this  also 
caused  the  nozzle  to  be  partly  torn  off  through  the  rivets 
and  the  drum  to  be  badly  dented. 

It  will  be  remembered  that   the  bottom  head   in    litis 


Fig.  2 


Looking  Down  Into  Boilick  Kooji 
TiiiiorGH  Hole  in  Roof 


of  the  bottom  bead,  tiie  distortion  would  be  greatest  at 
the  i-egion  of  sharpest  curvature,  the  very  line^  along 
which  failure  occurred.  This  bending  would  tend  to 
"fatigue"  the  metal  and  in  this  condition  any  sudden  jar 
or  impact  might  be  sufficient  to  cause  the  rupture.  It  is 
not  at  all  improbable  that  this  initial  force  may  have 
been  caused  by  cutting  in  too  quickly  or  by  water-ham- 
mer. Thi'se  are  merely  conjectures,  however,  and  the 
coroner's  inquest,  which  has  not  yet  been  held,  may  throw 
further  light  on  what  actually  occurred  when  the  boiler 
was  cut  in. 

Previous  to  the  explosion  trouble  bad  been  experienced 
through  failure  of  the  braces  which  join  the  lower  tube 
sheet  with  th?  bottom  head;  one  of  these  showed  evi- 
dence of  having  been  welded.  Although  these  braces  are 
intended  primarily  to  support  the  tube  sheet  it  is  pos- 
sible that  thev  may  have  indirectly  affected  the  stren,gth 
of  the  head. 

The  boiler  is  said  to  have  received  hard  usage  without 
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Fig.  3.    Dkbbis;  in  Boiler  Room 

proper  attention,  and  about  three  years  ago  Wickes  Bros., 
noting  the  conditions  under  which  the  boilers  were  being 
operated,  and  being  apprehensive  of  the  results,  offered 
to  buy  back  the  three  vertical  boilers  but  were  unsuccess- 
ful. Furthermore,  owing  to  the  general  condition  of  the 
boiler  plant  and  the  attitude  of  the  niaiaagement,  the 
consensus  of  opinion  among  insurance  companies  for 
some  time  prior  to  the  accident  was  that  it  was  a  bad 
risk. 

There  has  been  considerable  talk  of  raising  the  Ijoiler 


from  the  Kill  to  permit  further  examination.  It  is  im- 
probable, however,  that  this  would  reveal  much  more 
than  is  already  .shown  by  the  bottom  head,  as  far  as  the 
actual  failure  is  concerned,  although  it  would  show  the 
general  condition  of  the  boiler  and  for  this  reason  it  is 
desirable. 


ENGINE       ROOM 


00( 

Vertical    Boilers 
Head 


■Boiler  which  exploded 


Row  of  horizonial  wafer- 

tube  boilers 
.Mud 
'•'-Drum 


Fig.  5.   Plan  of  Boilkr  Eoom  and  Position  of  Head 
AND  Mud  Drum  after  Explo.siox 

Staten  Island  was  in  total  darkness  for  five  nights  as 
a  result  of  the  accident,  although  the  engine  room  and. 
the  row  of  horizontal  boilers  were  uninjured.  The  boiler 
which  failed  was  situated  between  the 'stack  and  the  other 


I 


Line 
of  Failure 


Fig.  6  Showing  Where 
Head  Failed. 


Fig.  4.   Showing  Hole  in  Eoof 


boilers;  as  a  result  a  large  section  of  the  flue  was  de- 
molished, and  had  to  be  replaced  before  service  could  be 
resumed. 

Steam  Turbines  in  a  Modern  Isolated 
Plant 

In  electric-generating  plants,  the  utilization  of  the  ex- 
haust from  steam  turbines  for  heating  and  in  manufac- 
turing processes  often  results  in  remarkable  economy. 
The  steam  turbine  is  naturally  the  best  suited  to  this  con- 
dition, because  of  the  steady  supply  of  exhaust  steam  at  a 
constant  pressure  and  free  from  oil.  Where  this  steam 
can  be  utilized,  condensing  operation  is  seldom  justified. 

The  plant  of  the  R.  B.  Davis  Baking  Powder  Co.,  which 
is  described  herein,  is  a  splendid  example  of  this  type 
of  plant.  The  plant  previously  used  live  steam  for  dry- 
ing and  acid  evaporation  and  purchased  central-station 
current.  They  estimate  a  saving  of  331/3  per  cent,  over 
the  old  operating  cost  with  their  present  equipment,  in- 
cluding interest  and  depreciation,  and  it  can  readily  be 
seen  why  the  owners  take  pride  and  sati.sfaction  in  this 
plant. 

The  turbine  room  contains  two  Westinghouse  alternat- 
ing-current, turbo-generator  units,  of  150  kw.  normal  ca- 
pacity each,  having  direct-connected  exciters  mounted  up- 
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ou  the  turbine  bedplate.  These  nxachiues  generate  cur- 
rent at  450  volts  for  lighting  and  power  service  about  the 
works. 

The  turbines  exhaust  at  i^ractieally  atmospheric  pres- 
sure and  the  supply  of  exhaust  steam  is  used  for  heating 
and  drying  in  the  manufacture  of  baking  powder.  As 
the  plant  operates  continuously  night  and  day,  there  is  a 


Two  150-Kw.  Westinghouse  Turbines  with 
Direct-Connected  Exciters 

continuous  and  practically  constant  demand  for  this  ex- 
haust steam.  Live  steam  can  be  turned  into  the  heating 
system  in  case  of  emergency.  By  means  of  an  air  pump 
the  steam  is  withdrawn  from  the  heating  system  under 
vacuum,  and  is  fed  back  to  the  boilers  through  a  Goubert 
water  heater,  a  makeup  supply  of  feed  water  being  added. 
A  feed  temperature  of  approximately  200  deg.  F.  is  ob- 
tained, the  exhaust  steam  passing  through  the  heaters  on 
its  way  to  the  heating  system. 


AVilcox  boilers,  the  extra  capacity  being  needed  for  fur- 
nishing live  steam  for  evaporating  acids  in  the  baking- 
powder  process.  These  boilers  generate  steam  at  150  lb. 
pressure,  using  a  good  grade  of  Clearfield  smokeless  bi- 
tuminous coal.  With  an  electrical  load  factor  of  about 
531/2  per  cent.,  including  the  steam  used  for  acid  evapora- 
tion, which  is  hard  to  estimate,  the  plant  uses  approxi- 
mately 7I/2  tons  of  coal  jjer  day  of  24  hr.  There  are 
installed  about  the  plant  about  225  hp.  in  motors  of  the 
squirrel-cage,  induction-type,  chosen  for  their  advantages 
over  the  conmiutator  type  which  are  susceptible  to  trouble 
from  dust. 

Throughout  the  whole  installation  the  most  efficient 
use  has  been  made  of  the  power  and  the  plant  is  a  good 
example  of  sound  engineering  and  commercial  judgment. 

Huber  Shaking  and  Dumping  Grate 

The  illustrations  shown  herewith  give  an  idea  of  the 
general  design  of  the  Huber  shaking  and  dumping  grate. 
The  bars  are  made  with  two  trusses  running  lengthwise 
with  clips  bridged  across  from  truss  to  truss.  These  clips 
can  be  regulated  for  any  size  of  opening  desired.  One 
truss  is  straight;  the  other  is  curved  and  deep,  giving 
the  bar  extra  strength  to  prevent  warping,  and  a  large 
opening  when  the  bar  is  in  a  raised  position. 

Eeferring  to  Fig.  1,  the  grate-bar  bearings  are  placed 
off  the  center  line,  which  gives  an  eccentric  movement 
toward  the  back  of  the  furnace.  This  movement  advances 
the  coal  to  the  rear  of  the  furnace,  sifts  out  the  ashes 
and  at  the  same  time  breaks  up  the  fire.  The  grates  are 
shown  in  their  running  position. 

The  stoking  feature  is  shown  in  Fig.  2.  Alternate 
grate  bars  are  connected  to  a  side  bar,  which  is  connected 
to  a  lever  on  the  front  of  the  furnace.  On  the  other  side 
of  the  grate  is  a  similar  side  bar,  connected  to  a  second 
lever  by  which  the  remaining  grates  are  operated.     Pull- 


FiG.  1.  Fig.  2.  Fig. 

The  Huber  Shaking  and  Dumping  Grate  in  Its  Various  Positions 


In  tlie  turbine  room  there  is  a  four-panel  switchboard, 
peculiar  in  that  the  conductors  are  bare  copper  bars  ex- 
tending straight  up  from  the  switches  and  through  a 
slate  shelf  above  which  they  join  the  distribution  leads. 
There  are  three  transformers  of  5  kw.,  each  arranged  in 
delta,  the  secondary  not  being  connected  in  this  case,  as 
two  of  the  plant  buildings  are  supplied  with  three-wire, 
220-1 10-volt  current,  and  one  building  with  two-wire, 
110-volt  current. 

There  is  also  a  15-hp.  motor-generator  set  installed  to 
carry  the  variable-speed,  direct-current  elevator  load,  con- 
sisting of  two  automatic  A.  B.  C.  elevators. 

In  the  boiler  room  there  are  two  250-hp.  Babcock  & 


iug  out  on  either  lever  brings  the  grates  to  the  position 
shown  which  moves  the  fuel  toward  the  rear  of  the  fur- 
nace. When  both  levers  are  pulled  the  grates  are  in  the 
position  shown  in  Fig.  3.  The  bars  can  be  raised  from 
1  to  5  in. 

The  grates  are  made  with  over  50  per  cent,  air  space. 
The  dumping  grate  is  12  iu.  wide.  This  grate  is  manu- 
factured by  the  Huber  Grate  Bar  &  Stoking  Co.,  1114 
East  Monument  St.,  Baltimore,  Md. 

Two  locomobiles  of  350  hp.  each  have  been  imported  from 
Germany  by  the  Buckhorn  Mining  Co..  of  Nevada.  They  are 
to  use  crude  oil  as  fuel,  and  were  sold  upon  the  guarantee 
of  0.6  lb.  per  b.hp.-hour. 
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Y.  M.  C.  A.  in  Industrial  Work 

Nearly  3000  college  engineeiing  graduates  and  3500  stu- 
ieiUs  from  160  colleges,  reports  the  national  association,  arc 
[t  work  in  the  industrial  field  of  the  United  States  teaching 
'oreign  men  and  boys  how  to  read  and  write,  learn  trades 
md  become  useful  citizens.  These  teachers  are  members  of 
he  association,  under  its  supervision,  and  call  their  worlj 
'the    industrial-service    movement." 

For  English-speaking  workmen  the  jjUui  includes  instruc- 
ion  in  shops  and  factories  at  the  noon  liour  or  after  clos- 
ng  time;  classes  in  mathematics,  mechanics,  drawing,  plan- 
eading,  etc. 

The  work  is  helping  the  engineer  and  student  to  acquiie 
in  intimate  knowledge  of  shop  conditions  and  become  broad- 
rage  executives,  and  is  giving  the  workmen  a  bettei-  ac- 
luaintance  with  the  college  man.  whom,  as  one  employer  ex- 
)ressed   it.   "we  no  longer  think  of  as  a   snob." 


Panama's    Exposition 

The  corner  stone  of  the  administration  building  to  be 
rected  on  the  site  of  the  national  exposition,  which  Panama 
)roposes  to  hold  in  1914-15  in  commemoration  of  the  four 
lundredth  anniversary  of  the  discovery  of  the  Tacific  Ocean 
ly  Vasco  Nutiez  de  Balboa,  was  laid  on  Thursday.  Sept.  25. 
)y   President   Porras. 

The  sites  allotted  for  the  different  buildings  were  blessed 
)y  the  Bishop  of  Panama,  Dr.  William  Rojas.  and  the  plans 
vere  exhibited  by  Alejandro  Bermudez.  the  director  of  the  ex- 
losition.  Following  the  laying  of  the  corner  stone.  Dr. 
^amon  F.  Acevedo,  secretary  of  public  works,  made  an  ad- 
Iress.  The  day  was  made,  a  public  holiday  in  Panama,  partly 
)n  account  of  the  corner  stone  ceremonies,  and  partly  be- 
•ause  Sept.  25,  under  the  old  calendar,  was  the  date  in  1513 
vhen  Balboa  first  saw  the  Pacific. 

It  is  planned  to  open  the  exposition  on  Nov.  1.  1914.  to 
■ontinue  six  months,  and  for  carrying  out  the  project  the 
^anama  National  Assembly  has  voted  a  preliminary  credit 
)f  $150,000.  The  United  States,  Spain,  and  several  of  the 
leighboring  Latin-American  republics  have  been  invited  to 
jarticipate.  The  grounds  front  the  road  to  Las  Sabanas, 
ibout  opposite  the  orphan  asylum,  and  cover  an  area  of 
ibout   35    acres. — "Canal   Record." 


International  Engineering  Congress 

In  connection  with  the  Panama-Pacific  International  Ex- 
josition  in  San  Francisco,  in  1915.  there  will  be  an  Inter- 
lational  Engineering  Congress,  in  which  engineei-s  through- 
lUt   the   world   will  be   invited   to   participate. 

The  congress  is  to  be  conducted  under  the  auspices  of 
hese  five  national  engineering  societies,  the  American  So- 
■iety  of  Civil  Engineers,  the  American  Institute  of  Mining 
Engineers,  the  American  Society  of  Mechanical  Engineers, 
he  American  Institute  of  Electrical  Engineers,  and  the  So- 
■iety    of   Naval    Architects    and    Marine    Engineers. 

The  organization  and  conduct  of  the  congress  are  con- 
rolled  by  a  committee  of  management  consisting  of  the  pres- 
dents  and  secretaries  of  these  five  societies,  and  of  eighteen 
Jther    members    in    or    near    San    Francisco. 

Col.  George  W.  Goethals.  chairman  and  chief  engineer  of 
;he  Isthmian  Canal  Commission,  has  consented  to  act  as 
honorary  president  and  is  expected  to  ])reside  in  person  over 
ts    general    sessions. 

The  congress  will  hold  its  sessions  during  the  week  of 
^ept.  20-25,  1915,  in  the  auditorium  and  section  rooms  which 
ivill  be  placed  at  its  disposal  by  the  management  of  the 
!*anama-Pacific  International    Exposition   Co. 

Two  important  purposes  are:  First:  The  gathering  to- 
nether  of  a  large  and  representative  body  of  engineers  from 
ill  civilized  countries,  with  the  opportunities  which  this  will 
present  of  forming  or  renewing  personal  acquaintances,  and 
3f  interchanging-  views  on  the  various  phases  of  profe.ssional 
work.  Second:  The  reading  and  discussion  of  pape-:  be- 
fore the  sections,  and  their  later  publication  in  such  form  as 
to  constitute  a  valuable  addition   to  any  eijgineering-  library. 

In  scope  of  character,  it  is  intended  that  the  congress 
shall  embrace,  in  a  thorough  and  comprehensive  manner,  the 
various  branches  of  the  enginecTing  profession.  Eminent 
engineers  throughout  the  world  will  lie  invited  to  contribute 
papers  on  assigned  topics,  and  in  selection  and  distribution 
the  committee  will  use  its  best  endeavors  to  render  the  series 
of  resulting  papers  widely  representative  of  the  world's  best 
engineering    practice. 

The  general  field  of  engineering  to  be  covered  has  ijeen 
divided    into   10    groups   which,   together   with    the  special    field 


of  the  I'anania  Canal,  will  constitute  11  divisions,  each  prc-- 
sided  over  by  a  chairman  eminent  in  the  lirani'hes  of  engi- 
neering covered  by  his  section.  Each  section  will  hold  inde- 
pendent sessions,  with  such  joint  and  general  sessions  as 
may  be  suitable.  The  following  is  a  general  indication  of 
the  sections  and  the  branches  of  engineering  which  each  will 
cover: 

Genei'al  Sessions:  Otticial  and  general  addresses,  dis- 
cussions on  topics  of  general  professional  interest,  business 
meetings,  etc.;  Section  1,  the  Panama  canal;  2,  waterwa,\s 
and  irrigation;  3,  i'ail"ways;  4,  municipal  engineering;  5,  ma- 
terials of  engineering  consti-uction;  6,  mechanical  engineer- 
ing; 7,  electrical  engineering;  S,  mining  engineering;  9,  naval 
architectui'e  and  mai'ine  engineering;  10,  military  engineer- 
ing;  11,   miscellaneous. 

The  official  language  will  be  English,  and  all  proceedings 
and  transactions  will  be  so  published.  The  papers  solicited 
will  be  welcome  at  the  choice  of  the  author;  if  in  other  than 
English,  they  will  be  tianslated.  and.  together  with  all 
papers  presented  in  English,  will  be  printed  in  this  language 
for   presentation. 

A  special  effort  will  be  made  to  procure  discussions,  care- 
fully prepared  in  advance,  for  presentation  with  the  papers. 
In  addition,  there  will  be  oi"al  discussions  at  the  sessions.  It 
is  anticipated  that  limitations  of  space  may  require  the  ulti' 
mate  publication  of  all  discussions  in  condensed  or  summary 
form.  Written  discussions  will  be  welcomed  in  any  langu- 
age: if  in  other  than  English  it  will  be  translated  for  pub- 
lication. It  is  expected  that  oral  discussions  will  be  limited 
to    English. 

The  general  fee  foi-  membership  will  be  $5.  This  will 
entitle  the  member  to  receive  the  index  volume  and  an>'  single 
volume  of  the  transactions  he  may  select,  together  with  the 
right   of  participation   in  all   general  activities  and   privileges. 

It  is  expected  that  there  will  be  arranged  a  number  of 
excursions  to  points  of  engineering  and  general  interest 
within  practicable  reach  of  San  Francisco,  and  every  effort 
will  be  made  to  enable  visiting  engineers  to  inspect  pei'- 
sonally  such  engineering  works  as  are  especially  typical  of 
engineering   practice   on    the   Pacific   Coast. 

Further  information  of  general  interest  and  importance 
will  be  given  publicly  through  the  technical  press,  and  to  all 
subscribers  timely  notice  "will  be  sent  containing  more  com- 
plete and  detailed  information  as  to  papers,  sessions  excur- 
sions,   itinei'aries.    etc. 


A.  O.  Krieger.  at  one  time  publicity  manager  of  the 
Eusch-SulKer  Bros. -Diesel  Engine  Co.,  St.  Louis,  Mo.,  has  been 
placed  in  charge  of  the  gasoline-engine  sales  department  of 
the    WhitMKin    .\ f; rieul tural   Co..   .St.   Louis. 

Di-.  ha  X.  lliiUis.  president  of  the  Worcester  Polytechnic 
Institute  ami  a  \'ice-pi"esident  of  the  American  Society  of 
Mechanical  Engitieers,  "was  honored  on  Oct.  17  by  a  meetin,r 
and  banquet  in  Worcester  by  the  Massachusetts  members  of 
that    society. 

Francis  JIacLehose  was  recently  appointed  superintendent 
of  the  Chattanooga  &  Tennessee  River  Power  Co.'s  hydro- 
electric station  at  Hale's  Bar,  Guild,  Tenn.  This  station  is 
33  miles  below  Chattanooga.  Mr.  MacLehose  was  graduated 
from  the  Stevens  Institute  of  Technology  in  1906,  with  the 
deg'ree  of  mechanical  engineer,  and  was  in  the  operating  de- 
partment of  the  New  York  Edison  Co.  for  seven  years  follow- 
ing  his  graduation. 

President  C.  O.  Mailloux,  of  the  American  Institute  nf 
Electrical  Engineers,  who  is  soon  expected  home  from  a  Eu- 
ropean trip,  where  he  attended  the  meetings  of  the  Inter- 
national Illumination  Commission  in  Berlin  last  August,  and 
the  International  Electrotechnical  Commission  in  Septembei. 
has  been  signallj'  honored  by  the  President  of  France,  wlio 
has  conferred  upon  hiin  the  decoration  of  Chevalier  of  the 
Legion  of  Honor. 

Bulletin  No.  17  on  "The  Manufacture  and  Use  of  Shelliv 
Seamless  Steel  Tubing."  which  has  recently  been  issued  b\ 
the  National  Tube  Co.,  of  Pittsburgh,  contains  in  its  39  pages 
some  very  interesting  and  valuable  infoi-mation  on  the  abo\'e 
subjects.  The  bulletin  is  made  up  from  extracts  from  an  ad- 
dress by  .1.  H.  Nicholson  and  Emil  Holinger  to  the  U.  S.  Naval 
School  of  Marine  Engineering.  It  discusses  the  processes  of 
manufacture,  materials  for  steel  pipes,  the  making  of  speci- 
fications and  the  application  of  tubular  sections  to  machine 
design.  The  information  imparted  is  not  generally  found 
elsewhere  so  that  the  bulletin  should  be  of  genei-al  interest. 
A   copy   will   be  sent  by   the   company  upon   request. 
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Latest  Addition  to  Fisk  Street  Station 


NOPSIS — The  present  addition,  consistinf/  of  one 
000-kw.  and  one  20,000-kw.  turbines,  marks  a  de- 
ture  in  the  company's  practice  from  vertical  to  liori- 
ial  units  and  brings  the  total  service  capacity  of  the 
lion  up  to  165,000  kw.  A  kinetic  air  ejector  for  the 
denser  of  the  larger  turbine  is  a  feature  expected  to 
duce  an  exceptionally  high  racitum.  The  steam-produc- 
equipment  is  arranged  on  the  unit  plan  and  coal- 
1  ash-handling  facilities  are  unusually  complete. 

n  our  issue  of  Nov.  4  the  25,000-kw.  English  Parsons 
hiue  for  the  Commonwealth  Edison  Co.,  of  Chicago. 
•  descrilied.     This  unit  is  now  being  installed  in  the 


BoILEKS  AXD  Ac'CKSSOIilES 

As  in  the  past,  the  unit  system  has  been  adopted.  In- 
dividual groups  of  boilers  supply  the  particular  unit  for 
which  they  are  installed.  An  e.vtension  for  this  and  other 
units  is  being  added  to  the  switch-house.  All  units  and 
their  accessories  are  so  arranged  that  they  can  be  op- 
erated practically  independently.  The  general  arrange- 
ment of  the  present  addition  to  the  plant  is  shown  in 
the  accompanying  illustrations. 

For  the  25,000-kw.  Parsons  turbine  the  boiler  equip- 
ment consists  of  four  cross-drum  type  B.  &  W.  water-tube 
boilers,  which  are  of  especially  wide  section,  43  tubes  in 
width,  witii  headers  14  tubes  high.     Each  boiler  contains 


Fig.  ].   TiiANsvEiiSE  Sectiox  thkough  Boiler  Room  of  Xew  Extension  to  Fisk  Street  Station 


•  extension  to  Fisk  St.  station.  The  extension  is 
to  contain  a  20,000-kw.  horizontal  turbo-generator 
le  supplied  by  the  General  Electric  Co.  The  installa- 
I  of  horizontal  units  is  a  departure  from  the  usual 
?tiee  of  the  company,  at  least  in  this  particular  sta- 
i.  Since  its  inauguration  in  1903  nothing  in  gen- 
ing  units  has  been  installed  but  vertical  Curtis  turbo- 
erators.  At  the  present  writing  the  existing  station 
reached  a  service  rating  of  120,000  kw.,  and  the  ad- 
on  of  45.000  kw.  will  give  to  Fisk  St.  a  total  capac- 
of  165,000  kw.  The  extension  for  the  new  equip- 
it  is  now  under  construction  and  extends  back  for  a 
ance  of  170  ft.  to  the  south  branch  of  the  Chicago 
3T.  Tt  is  about  25  ft.  wider  than  the  older  portion  of 
building,  which  measures  240  ft.  The  total  length 
he  building,  including  the  extension,  will  be  675  ft. 


12,200  sq.ft.  of  heating  surface  and  about  20  per  cent, 
additional  surface  for  superheating.  They  are  equipped 
with  chain-grate  stokers  and  steel-encased  settings. 
Each  boiler  is  provided  with  two  stokers  sep- 
arated by  a  firebrick  wall  which  comes  slightly  above  the 
surface  of  the  grates.  These  stokers  are  10  ft.  6  in.  wide 
and  13  ft.  long.  The  boilers  are  designed  to  evaporate 
80.000  lb.  of  water  per  hour  under  continuous  working 
conditions.  The  maximum  working  pressure  is  225  lb. 
per  sq.in.,  and  the  normal  pressure  210  lb.  gage.  The 
superheaters  will  give  225  deg.  F.  superheat  when  operat- 
ing at  or  near  the  maximum  capacity. 

As  shown  in  the  drawings,  economizers  have  been  pro- 
vided, one  for  each  boiler,  containing  R500  sq.ft.  of  heat- 
ing surface  made  up  of  528  twelve-foot  tubes,  arranged 
in  three  groups  of  16  sections  each.     The  first  group  is 
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IS  tubes  wide;  the  second  11  tubes  wide,  and  the  third 
10  tubes  wide.  As  regards  water  circulation,  the  three 
groups  are  connected  in  .series,  and  the  circulation  in 
each  group  is  up  the  first  eight  sections,  down  the  next 
four,  and  up  the  last  four.  Each  economizer  is  equipped 
with  an  induced-draft  fan  having  a  capacity  of  80,000 
cu.ft.  per  min.  and  designed  to  maintain  lV2-in.  draft 
in  the  uptake  of  the  boiler.  Under  ordinary  operating 
conditions  the  economizers  are  designed  to  raise  the  tem- 
perature of  the  feed  water  about  150  deg.  This  equip- 
ment was  furnished  by  the  B.  F.  Sturtevant  Co. 

One  smoke-stack  has  been  provided  for  two  units.  In 
this  particular  case  it  will  serve  eight  boilers.  The  stack 
is  1!)  ft.  inside  diameter  and  its  height  350  ft.  above 
the  boiler-room  floor. 

Coal-  and  Ash-Handling  Equipment 
This  feature  of  the  plant  is  of  particular  interest,  as 
every  facility  is  provided  to  handle  quickly  and  with  the 
greatest  economy  the  large  quantity  of  coal  required  by 


boilers.  There  are  three  belt  conveyors  for  the  four  group.s 
of  boilers.  The  bucket  conveyors  have  a  capacity  of  175 
tons  of  coal  per  hour  each,  at  a  speed  of  45  ft.  per  min. 
The  belt  conveyors  have  a  like  capacitj',  at  a  speed  of  250 
ft.  per  min. 

Per  boiler,  the  capacity  of  the  coal  bunkers  is  325  tons. 
In  addition  for  serving  four  station  units,  there  are  four 
storage  bunkers  overhead  in  the  train  shed,  with  an  ag- 
gregate capacity  of  3360  tons,  and  receiving  hoppers  hav- 
ing a  capacity  of  1320  tons. 

The  removal  of  ashes  will  be  accomplished  by  means 
of  small  electrically  driven  a.sh  cars  operating  in  the 
boiler-room  basement.  These  cats  discharge  into  a  re- 
ceiving hopper,  which  delivers  to  the  bucket  conveyor 
previously  mentioned,  and  which  may  be  used  to  elevate 
the  ashes  to  a  storage  bunker  above  the  track  in  the 
train  shed,  having  a  capacity  of  1180  tons.  From  this 
point  the  ashes  are  discharged  into  standard  railway  cars 
for  removal. 


Fig.  3.   Si-x'tion  through  Boilki!  and  Tubbixk  Rooms  of  the  New  Addition  to  Fisk  Street  Station 


the  boilers.  Coal  cars  are  brought  into  the  train  shed  on 
either  unloading  track,  from  which  point  the  coal  may 
be  dumped  directly  into  the  hopper  of  the  primary 
crusher,  if  the  cars  are  of  the  ilro]>-l)ottom  variety;  or  if 
gondola  cars,  the  coal  may  be  unloaded  by  grab-bucket 
cranes  and  dropped  over  the  side  into  the  crusher  hopper. 
The  primary  crusher  is  intended  to  reduce  all  lumps  to 
about  3-  or  4-in.  cubes,  and  from  it  the  coal  is  passed 
into  the  lower  horizontal  run  of  either  of  two  Mead- 
Morrison  overlapping  bucket  conveyors,  which  will  care 
for  the  four  groups  of  boilers.  The  bucket  conveyors  ele- 
vate the  coal  to  a  point  above  the  boiler-room  coal  bunk- 
ers, and  deliver  it  to  the  secondary  crushers  to  be  reduced 
to  %  in.  size.  All  of  the  crushers  were  furnished  by 
Orton  &  Steinbrenner.  From  this  point  the  coal  is  taken 
by  a  Robins  belt  conveyor  running  at  right  angles  to  the 
bucket  conveyors,  and  is  delivered  to  the  bunkers  over  the 


30,000-Kw.  Unit 
The  General  Electric  horizontal  turbo-alternator  to  be 
installed  has  a  continuous  full-load  rating  of  20,000  kw. 
at  80  per  cent,  power  factor,  or  35,000  kv.-a.  Current 
will  be  generated  at  13,000  volts,  60  cycles,  and  the  unit 
will  operate  at  a  speed  of  1300  r.p.m.  The  turbine  is  ot 
the  Curtis  single-flow  type,  the  first  wheel  having  a  double 
row  of  buckets,  and  the  remaining  wheels  each  having  a 
single  row"  of  buckets.  The  shaft  bearings  are  provided 
with  forced  lubrication  from  a  purnp  geared  to  the  main 
shaft.  The  bearings  are  water-jacketed,  in  addition  to 
which  the  oil  will  be  cooled,  as  it  circulates,  by  means  of 
coils  immersed  in  the  turbine-oil  reservoir.  The  main  tur- 
bine housing  is  anchored  at  the  exhaust  end  to  the  sub- 
base  and  is  supported  on  a  sliding  bearing  at  the  throttle 
end,  this  arrangement  being  adopted  to  prevent  expan- 
sion strains.     The  generator  housing  is  bolted  rigidly  to 
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lub-baje.  Governing  is  accomplished  by  means  of  the 
im  heretofore  used  on  Curtis  turbines.  The  gen- 
)r  is  arranged  for  self-ventilation  by  means  of  vanes 
le  rotating  iield.  Excitation  is  provided  by  means  of 
■ect-connected  exciter  operating  at  250  volts. 
le  eutire  condenser  installation  for  this  unit  is  being 
ished  by  Henry  K.  Worthington.  The  condenser  is 
ed  directly  beneath  the  turbine-exhaust  outlet  and 
orted  partly  by  the  turbine  housing  and  partly 
3ams.    It  contains  35,000  sq.ft.  of  cooling  surface,  of 

0.  D.  No.  18  B.w.g.  tubing,  the  tubes  being  about 
t.  long.  The  condenser  shell  is  of  semi-circular 
-section,  built  of  cast  iron  and  heavily  ribbed.  The 
enser  is  arranged  for  two  passes  of  the  circulating 
r.  The  steam  inlet  is  8  ft.  by  14  ft.  6  in.,  and  the 
ection  for  circulating  water  42  in.  in  diameter, 
le  circulating  outfit  consists  of  a  motor  mounted  on  a 
plate  between  two  independent  centrifugal  pumps, 

having  its  own  suction  and  discharge  connections, 
discharge  pipes  are  interconnected  at  the  inlet  to  the 
enser,  and  are  provided  with  valves  which  permit 
ng  out  either  pump.  In  addition,  the  pumps  are 
ided  with  shaft  couplings,  so  that  either  may  be  dis- 
ected  from  the  motor.  The  combined  capacity  of  the 
circulating  pumps  is  36,000  gal.  per  min.,  at  375 
1.,  against  a  total  dynamic  pressure  of  15  ft.  One 
3  alone  will  deliver  26,500  gal.  at  the  reduced  head 
■quent  upon  the  lessened  velocity  of  the  water  through 
condenser  and  connections.  AVith  this  arrangement 
'apacity  of  both  pumps  will  ordinarily  be  used  dur- 
;he  warmer  months,  and  in  winter  one  pump  alone 
deliver  sufficient  water. 

le  arrangement  of  the  hotwell  pump  is  similar  to 
of  the  circulating-pump  unit  just  described.  The 
acuum  pump  is  of  the  reciprocating  angle  type,  as 
ifactured  by  the  Laidlaw-Dunn-Gordon  Co.,  with 
:al  steam  cylinder,  and  horizontal  vacuum  cylinder. 

steam  and  vacuum  cylinders  are  double-acting,  the 
1  cylinder  being  10  in.  in  diameter  and  the  vacuum 
der  35  in.,  with  a  common  stroke  of  30  in.  At  the 
mum  speed  of  the  vacuum  pump  of  100  r.p.m.,  the 
acement  is  3340  cu.ft.  per  min. 

le  installation  of  boilers  and  economizers  is  similar 
1  respects  to  that  of  the  25,000-kw.  Parsons  unit, 
boiler  feed  two  independent  pumps  are  provided. 
e  pumps  are  to  be  of  the  turbine-driven  horizontal 

having  three  stages,  and  will  discharge  3T5  gal. 
nin.  when  operating  at  approximately  3000  r.p.m. 
exhaust  from  the  steam  auxiliaries  is  all  carried  to 
ragwanath  horizontal  open-type  exhaust  feed-water 
r,  which  is  constructed  of  %-in.  steel  plate  with  the 

arrangement  of  trays.  It  will  have  a  ca]iacity  of 
100  lb.  per  hour  and  is  guaranteed  to  licat  the  water 

65  to  130  deg.  F. 
r  the  removal  of  the  air  and  uoncondensable  vapors 

the  condenser  of  the  25,000-kw.  unit,  a  kinetic 
Dr  has  been  provided.  This  piece  of  apparatus  takes 
ilace  of  the  so  called  dry-vacuum  pump.  It  will  be 
described  on  other  pages  of  this  issue, 
is  installation  was  designed  by  Messrs.  Sargent  & 
ly,  Chicago,  consulting  engineers  for  the  Common- 
h  Edison  Co.,  and  with  them  were  associated  Messrs. 
&  McLellan,  of  Xewcastle-on-Tyne  and  London,  in 
>ction  with  the  design  and  construction  of  the  Par- 
turbine  unit  and  auxiliaries. 


Cost  of  the  Smoke  Nuisance  to 
Pittsburgh* 

Before  considering  the  loss  to  Pittsburgh,  due  to  tlie 
smoke  evil,  it  is  interesting  to  note  the  estimated  cost 
of  the  evil  to  other  cities. 

In  1899  the  annual  cost  to  London  was  estimated  at 
$26,000,000.  The  committee  on  smoke  prevention  of 
the  Cleveland  Chamber  of  Commerce  in  1909  fixed  the 
loss  to  Cleveland  at  $6,000,000,  or  $12  per  capita.  Paul 
Bird  declared  that  the  annual  loss  to  Chicago  amounted 
to  $17,600,000,  or  $8  per  capita.  The  loss  to  Cincinnati 
has  been  placed  at  $8,000,000;  this  is  allowing  for  a 
loss  of  $100  per  family  of  five  persons  each,  the  400,000 
population '  being  so  divided  that  there  were  80,000 
families. 

The  total  extra  cost  of  dry  cleaning  in  the  city  of 
Pittsburgh  because  of  the  atmospheric  conditions  is  about 
$750,000. 

According  to  the  1910  Census  Report  there  are  86,942 
dwellings  in  Pittsburgh.  Xo  doubt  50,000  of  these  houses 
are  i^ainted  every  three  years.  If  it  is  said  that  the  av- 
erage cost  of  painting  a  house  is  $40  it  then  costs  Pitts- 
burgliers  $330,000  more  a  year  for  exterior  painting  than 
it  does  the  people  of  other  cities. 

Tliere  are  very  few  of  the  104,000  buildings  in  Pitts- 
burgh which  do  not  have  sheet  metal  either  as  a  cover 
for  the  roof,  or  for  gutters,  spouts  and  flashings.  If  the 
average  cost  of  renewing  sheet-metal  work  on  a  building 
was  placed  at  $100  and  it  was  assumed  that  the  work 
will  last  five  years  in  Pittsburgh  as  against  ten  years 
elsewhere,  then  on  90,000  buildings  it  would  cost  Pitts- 
burgh about  $900,000  more  a  year  under  present  condi- 
tions thaii  if  the  city  were  practically  free  from  smoke. 
Figuring  an  average  cost  of  repainting  sheet-metal  work 
at  $8  and  assuming  that  repainting  is  necessary  in  Pitts- 
burgh every  three  years  as  against  five  years  elsewhere, 
it  would  be  found  that  it  would  cost  Pittsburgh  about 
$108,000  a  year  more  for  repainting  than  it  would  cost 
other  cities. 

Wall  papering  is  found  necessary  in  Pittsburgh  every 
two  years,  while  in  other  cities  it  is  found  necessary  only 
every  six  or  ten  j'ears. 

Pittsburgh  pays  $150,000  a  year  to  keep  the  wall  paper 
in  its  homes  in  even  presentable  condition,  and  it  pays 
$400,000  more  a  year  for  wall  papering  than  do  cleaner 
cities. 

On  an  average  it  costs  Pittsburghers  $12  to  $14  a  year 
to  keep  their  curtains  clean,  while  it  costs  the  people  of 
other  cities  $6  t9  $7. 

The  smoke  in  the  atmosphere  of  Pittsburgh  necessitates 
extra  artificial  lighting  in  the  stores.  The  same  is  true 
of  the  homes  of  Pittsburgh.  There  are  about  14,000 
homes  in  the  city  which  use  electricity  for  artificial  light- 
ing purposes.  The  average  cost  to  each  home  is  about 
$24.  If  it  is  allowed  that  one-fourth  of  this  amount  is 
an  expense  due  to  atmospheric  conditions  which  in  turn 
can  be  traced  to  smoke,  then  it  costs  the  14,000  homes 
$84,000  a  year  (jv  the  extra  lighting  required. 

The  business  section  of  Pittsburgh  ranks  second  in  the 
amount  of  soot-fall  among  the  twelve  stations  in  various 


•Excerpts  from  a  pamphlet  by  John  J.  O'Conner  and  pub- 
Ushed  by  the  Mellen  Insititute  of  Industrial  Research  and 
School   of  Specific   Industries. 
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parts  of  the  city,  so  the  soot-fall  is  greatest  where  it 
dois  the  most  damage. 

The  wholesale  and  retail  stores  of  I'ittshurgh,  exelusive 
of  the  department  stores  and  larger  wholesale  dry-goods 
stores,  suffer  an  annual  loss  of  $1,650,000. 

The  damage  to  merchandise  in  the  department  stores 
varies  from  $6000  to  $25,000  for  each  store;  the  cost  of 
cleaning  from  $10,000  to  $2-1,728 ;  and  the  cost  of  arti- 
lical  lighting  from  $10,000  to  $15,000.  If' the  items  for 
the  department  stores  are  figured  on  the  same  basis  as 
for  the  wholesale  and  retail  stores,  it  will  be  found  that 
the  extra  cost  to  them  for  all  items  would  be  in  the 
neighborhood  of  $175,000. 

It  costs  about  $200,000  a  year  to  keep  the  larger  otHce 
buildings  of  Pittsburgh  clean.     One  building  pflys  $330 


more  a  month  to  clean  windows  than  if  that  building  were 
located  in  New  York,  Boston  or  Philadelphia. 

The  artificial  lighting  bills  of  the  downtown  office 
buildings  run  from  $3000  to  $20,000  each  annually.  The 
cost  of  the  artificial  lighting  of  all  the  larger  office  build- 
ings is  in  the  neighborhood  of  $125,000.  Of  this  amount 
no  less  than  $40,000  represents  the  cost  of  the  artificial 
lighting  necessitated  by  atmospheric  conditions  for  which 
the  *;moke  is  responsible. 

On  the  fifteen  prominent  hotels  in  the  city  of  Pitts- 
burgh it  is  safe  to  say  that  smoke  imposes  an  extra  ex- 
pense of  about  $22,000  a  year. 

The  extra  cost  of  lighting,  cleaning  and  replacing 
goods  worn  by  frequent  washing  to  tbe  hospitals  is  on  an 
average  $3600  each,  or  $55,(JOO  for  all  the  larger  ones. 


Best  Vacuum  with  a  Cooling  Tower 


By  Paul  A.  B,\i\cel* 


Engineers  generally  realize  that  they  cannot  obtain  as 
high  a  vacuum  with  a  cooling  tower  as  with  a  natural 
supply  of  cold  circulating  water.  But  there  is  some  con- 
fusion as  to  just  how  high  a  vacuum  is  profitable. 

The  purpose  of  this  analysis  is  to  determine  at  what 
vacuum  a  condensing  equipment  "with  the  natural-draft 
type  of  tower,  is  the  most  efficient  commercially.  The 
liasis  of  the  calculation  is  10,000  lb.  of  steam  per  hour, 
which  corresponds  approximately  to  a  steam  consump- 
tion of  a  500-kw.  high-pressure  turbine,  or  a  250-kw.  low- 
pressure  turbine.  Ten  million  of  British  thermal  units 
must  be  absorbed  by  the,  circulating  water  and  dissipated 
to  the  atmosphere  by  the  cooling  tower. 

Fig.  1  gives  the  sizes  of  Wheeler-Balcke  natural-draft 
cooling  towers  required  to  dissipate  the  heat  at  different 
vacuums  and  with  different  quantities  of  circulating 
water,  with  the  atmosphere  at  75  deg.  F.  and  70  per  cent, 
humidity.  The  abscissas  represent  degrees  cooling  of 
water  in  the  tower,  as  well  as  gallons  per  minute. 

Attention  is  drawn  to  some  of  the  inherent  character- 
istics of  natural-draft  cooling  towers  as  illustrated  by  the 
curves. 

(a)  For  any  vacuum,  the  size  of  a  natural-draft  cool- 
ing tower  dissipating  a  constant  amount  of  heat  may  be 
slightly  decreased  by  increasing  the  quantity  of  circulat- 
ing water  pumped  over  it.  This,  however,  increases  the 
operating  cost  as  well  as  the  first  cost  of  the  pumj)  and 
condenser. 

(b)  For  any  given  quantity  of  circulating  water,  the 
vacuum  may  be  increased  by  increasing  the  size  of  the 
tower,  but  only  to  a  certain  limit,  beyond  which  the  vac- 
uum cannot  be  increased,  even  if  the  tower  is  made  ex- 
tremely large. 

(c)  A  natural-draft  cooling  tower  is  a  chimney,  con- 
seouently,  the  higher  the  temperature  of  the  water  the 
better  the  draft,  the  greater  the  volume  of  air  and  the 
greater  the  heat  dissipation    per  Tinit  of  area. 

Attempts  have  been  made  to  analyze  cooling-tower  per- 
formance by  coefficients  of  heat  transmitted  per  unit  of 
cnoliuff  surface,  but  with  unsatisfactory  resirlts  because 
the  efficiency  of  a  unit  of  cooling  surface  depends  upon 

♦Wheeler  Condenser  &   Engineering  Co..  Carteret.  N.  .T. 


its  arrangement  as  influencing  the  resistance  to  the  flow 
of  air.  With  a  given  design  of  tower,  the  cooling  is  al- 
most entirely  dependent  upon  the  amount  of  air  going 
through  it.  Like  a  boiler  chimney,  the  area  of  its  base 
determines  the  flow  per  unit  of  draft  pressure. 

In  Fig.  1  the  amount  of  heat  is  constant,  but  the  tem- 
perature at  which  the  heat  must  be  dissipated  and   the 
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Fio.  1.    Rel.vtion  of  Vacuum  and  Temperature 
Pise  to  Size  of  Tower 

amount  of  watci'  both  vary.  At  the  lower  temperatures 
there  must  obviously  be  a  greater  volume  of  air.  But 
the  lower  temperature  means  less  draft  pressure;  hence 
it  is  doubly  important  that  there  be  a  greater  area  of 
flow.  This  fact  serves  to  explain  the  shape  and  position 
of  the  curves. 

The  chart  also  gives  a  curve  of  condenser  surface  cor- 
r('S|ionding  to  various  quantities  in  gallons  per  minute 
and  ranges  of  water  temperature  based  on  a  difference  of 
5  (leg.  between  outlet-water  temperature  and  steam  tem- 
perature. The  curve  is  based  on  a  heat  transmission  of 
300  B.t.u.  and  serves  for  any  vacuum,  provided  the  outlet- 
temperature  difference  is  5  deg.  F. 

Let  us  turn  to  some  actual  figures.  Suppose  tbe  steam 
consumption  of  a  500-kw.  turbine  is  20  lb.  per  kw.-br. 
at  26  in.  vacuum,  and  that  the  gain  resulting  from  an  in- 
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se  of  each  inch  in  vacuum  is  5  per  cent.,  that  is.  the 
m  consumption  at  26  in.  i.s  20  lb.,  at  27  iu.  19  lb.,  and 
u.  18  lb. 

et  the  yearly  load  factor  be  50  per  rent.,  so  that  the 
•ly  turbine  load  is  equivalent  to  4380  hr.  at  full  load, 
lime  that  coal  costs  $3  per  net  ton  and  that  8  lb. 
team  is  evaporated  per  pound  of  coal :  then  a  pound 
team  per  hour  for  a  year  is  worth 

f  the  turbine  operates  at  27  in.  vacuum  with  a  steam 
sumption  of  19  lb.  per  kw.-hr.,  there  will  be  a  saving 
00  X  $0.82  or  $410.  Similarly,  at  271/2  in.  vacuum 
I8I/2  11j-  of  steam  per  kw.-hr.  the  saving  is  750  X  $0.82 
615  per  year.  The  question  now  is,  what  is  the  most 
lomical  vacuum  at  which  to  operate. 
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Vacuum  PowBB. 

Fig.  2.   Relatiox  of  VAcmi  to  Gaix 

rom  Fig.  1,  we  may  read  the  size  of  condenser,  pump, 
;r,  round  area,  etc.,  required  for  various  conditions, 
simplicity  we  will  assume  a  total  steam  consumption 
0,000  lb.  per  hr.  for  all  vacuums, 
able  1  shows  the  size,  capacity  and  cost  of  the  ap- 
itus  for  four  different  degrees  of  vacuum. 

TABLE    1 

Vacuum  in  Inches 

26  27  27{  27J 

)erature  rise.  deg.  F 30  25  20  IS 

enser  surface,  sq.ft 1635  1700  2230  2700 

lating  pump.  sal.  per  min 670  800  1000  1330 

ine  for  circulating  pump,  hp 20  25  30  35 

nd  area  of  cooling  tower,  sq.ft 540  720  740  SOO 

,  cost  of  condenser,  pumps  and  tower 5625  6740  7350  8200 

VINO  ON   TCKBIXK  VS.   FiXED  AND  OPEBATING  CoSTS 
OF   CONDEXSIXG   EQUIPMENT 

ow  the  fixed  charges  on  the  foregoing  investments, 

;  the  operating  costs,  must  be  balanced   against  the 

ng  in  steam  consumption  of  the  turbine. 

he  fixed  charges  can  be  taken  at  15  iier  cent.,  covering 

rest,  taxes,  depreciation,  etc. 

able  2  summarizes  the  cost  of  the  complete  tower  and 

lenser    outfit,    at    different    vacuums,    also   the    fixed 

rges  at  15  per  cent,  and  the  increase  of  fixed  charges 

■  the  26-in.  equipment. 

TABLE  2 

Cost  of  Condensing        Annual  Fixed 

and  Tower  Charges  at           Increase  over  Cost 

icii'im.  In.               Equipment  15  Per  Cent.  for  26  In. 

;                               S5265  S790 

27                                   6740  1010  $220 

27i                                 7350  1100  310 

27i                              8200  1230  440 


Considering  next  the  operating  charges  of  tiic  con- 
densing equipment,  we  find  it  necessary  to  make  a  cor- 
rection for  the  saving  due  to  feed-water  heating  by  ex- 
haust steam.  While  a  large  share  of  the  heat  is  returned 
to  the  feed  water,  a  certain  percentage  is  consumed  in 
work  and  friction ;  also,  some  of  the  heat  is  lost  by  radia- 
tion and  leakage,  and  at  times  there  may  be  insufficient 
feed  water  to  condense  all  the  steam  in  the  feed-water 
heater.  A  fair  assumption  is  that  75  per  cent,  of  the  heat 
is  returned  to  the  feed  water,  or  that  the  steam  consump- 
tion chargeable  to  the  condensing  apparatus  is  25  per 
cent,  of  the  gross. 

The  gross  and  net  steam  consumption  of  the  condenser 
auxiliaries  for  the  different  vacuums  aliove  stated  may 
be  set  down  as  follows: 


TABLE  3 

Vacuum.  In 

Steam  Con- 
sumption .\ir 
Pump.  Lbs. 

Circulating 

Pump 

per  Hour 

Chargeable  to 
Condensing      Value  of  Steam 
Plant,  25   Per    Consumption 
Cent.  Lb.  per  Hi.      per  Year 

26 
27 
27i 
275 

600* 
175 
175 
280 

1200 
1500 
1800 
2100 

450                        $369 
420                          345 
500                          410 
600                          492 

•This  compaiatively  high  figure  is  explained  by  the  fad 
that  for  the  26-in.  vacuum  a  direct-acting  reciprocating  pump 
could  be  used,  while  at  the  higher  vacuums  a  more  efficient 
pump   would   be   used. 

The  value  of  the  steam  consumed  per  year,  as  given  in 
the  last  column,  is  based  on  50  per  cent,  load  factor,  $3 
per  ton  for  coal,  and  the  use  of  8  lb.  of  steam  per  pound 
of  coal. 

With  the  foregoing  data  available  we  are  now  ready 
to  determine  at  what  vacuum  the  greatest  net  saving  is 
obtained. 

Talile  4  is  based  on  Tables  2  and  3  and  gives 
the  saving  and  losses  in  dollars  at  different  vacuums  as 
compared  to  26-in.  conditions. 


In  the  last  column  the 

net  saving 

TABLE  4 

is  tabula 

ted. 

Sa^-ing  bv  De- 

creased Steam 

Additional 

Additional 

Net  Yearly 

Consumption 

Fixed 

Operating 

Saving  over 

Vacuum,  In.     of  Mam  Turbine 

Charges 

Cost 

26-1  n.  Outfit 

27                        S410 

S220 

$24 

S214 

27t                        .513 

310 

41 

162 

275                          615 

440 

123 

52 

The  above  table  shows  that  the  most  economical  point 
lies  near  27  in.  This  is  shown  graphically  by  the  chart. 
Fig.  2,  in  which  the  heavy  curve  represents  the  net  sav- 
ing, the  highest  point  indicating  the  vacuum  required 
for  the  highest  commercial  efficiency.  This  curve  also 
shows  that  if  sufficient  money  were  expended  to  obtain 
a  vacuum  as  high  as  27.6  in.  there  would  be  neither  gain 
nor  loss  as  compared  with  26-in.  operation. 

The  conclusions  are  all  based  on  50  per  cent,  load  fac- 
tor, $3  per  ton  for  coal,  8  lb.  steam  per  lb.  of  coal,  a  tur- 
bine saving  5  per  cent,  of  its  steam  per  inch  increase  in 
vacuum  over  26  in.,  and  having  a  steam  consumption  of 
20  lb.  at  26-in.  vacuum,  a  Wheeler-Balcke  tower  and  at- 
mospheric conditions  of  75  deg.  F.  and  70  per  cent, 
humidity. 

These  conditions  vary.  The  particular  load  factor  at 
which  the  purchaser  will  operate  his  plant,  the  size  of  the 
plant,  the  type  of  turbine  or  engine,  the  cost  of  coal,  the 
interest  which  he  is  obliged  to  pay  on  money,  all  affect 
the  problem. 

The  chart.  Fig.  1.  can  be  used  as  a  basis  in  most  cases, 
multiplying  by  the  ratio  of  actual  steam  to  10,000  lb., 
and  tlie  method  outlined  for  obtaining  chart  Xo.  2,  fol- 
lowed thrgugh  for  the  exact  conditions  at  hand. 
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Designing  a  100-Hp.  Horizontal  Tubular  Boiler 


By  T.  G.  Ranton 


SYNOPSIS — Instruction  is  herein  given  how  to  deter- 
mine the  proper  size  of  boiler  to  develop  100  hp.,  talcing 
into  account  the  grate  area,  heating  surface  and  number 
of  tubes,  also  the  thickness  of  the  shell  plate  and  tube 
heads,  number  and  size  of  braces,  etc. 

It  is  well  known  that  the  term  horsepower  belongs  to 
the  engine  and  not  to  the  boiler.  A  boiler  should  be  es- 
timated from  its  evaporative  capacity,  that  is  to  say;  with 
so  much  coal  per  hour  a  boiler  will  evaporate  so  much 
water  i^er  hour  at  a  given  temperature  into  steam  at  a 
given  pressure. 

The  standard  horsepower  is  the  evaporation  of  30  lb. 
of  water  per  hour  into  steam  at  70  lb.  pressure  with  a 
feed-water  temperature  at  100  deg.  F.  Therefore,  a 
boiler  necessary  to  develop  100  hp.  must  evaporate  3000 
lb.  of  water  per  hour.  One  pound  of  coal,  with  average 
firing,  will  evaporate  from  7%  to  8  lb.  of  water  per  hr., 
but  to  be  safe  we  will  assume  that  1  lb.  of  coal  will  evap- 
orate 71/2  lb.  of  water  per  hr. 

Grate  Surface 

Therefore,  if  the  3000  lb.  of  water  evaporated  per  hour 
is  divided  by  7V2>  it  will  show  that  400  lb.  of  coal  per 
hour  will  be  used  to  evaporate  the  water  necessary  to  de- 
velop 100  boiler  horsepower.  With  a  good  draft,  proper 
combustion  and  clean  tubes  it  will  require  1  sq.ft.  of  grate 
surface  to  consume  121/2  lb.  of  coal  per  hour.  To  find  the 
necessary  grate  surface,  divide  400  lb.  of  coal  consumed 
each  hour  by  121/2,  which  calls  for  32  sq.ft.  of  grate  sur- 
face to  consume  the  necessary  fuel. 

A  mistake  is  often  made  by  not  having  space  enough 
between  the  grate  and  the  bottom  of  the  shell.  In  design- 
ing a  furnace  for  a  100-hp.  boiler,  the  grates  should  be 
placed  at  least  32  in.  from  the  bottom  of  the  shell.  Par- 
ticular attention  should  be  paid  to  the  bridge-wall  area. 
The  bridge-wall  should  be  built  straight  acros.s  the  fur- 
nace and  the  area  between  the  top  of  the  bridge-wall  and 
tlie  bottom  of  the  shell  should  equal  at  least  one-fifth 
of  the  grate  area.  A  sloping  combustion  chamlier  is  pre- 
ferred to  a  straight  one. 

Heating  Surface 

The  heating  surface  of  a  boiler  should  be  about  40 
times  greater  than  the  grate  surface ;  in  other  words,  1 
sq.ft.  of  grate  surface  is  sufficient  for  40  sq.ft.  of  heating 
surface.  Therefore,  multiplying  32  sq.ft.  of  grate  sur- 
face by  40,  will  call  for  a  boiler  having  a  total  heating 
surface  of  1280  sq.ft.  to  develop  100  hp. 

Tests  have  shown  that  an  inside  tube  area  equal  to 
one-eighth  of  the  grate  surface  is  sufficient  to  carry  the 
gases  of  combustion  to  the  chimney.  Multiplying  the 
32  sq.ft.  of  grate  area  by  144  will  give  4608  sq.in. ;  divid- 
ing this  result  by  8  will  give  576  sq.in.,  which  is  the  area 
required  through  the  tubes.  The  tubes  most  commonly 
■used  are  3-in.  outside  diameter  and  are  nearly  l/g  in. 
thick.  Assuming  the  inside  area  to  be  6  sq.in.,  divide 
576  by  6,  which  will  give  96  tubes  3  in.  in  diameter. 

These  tubes  will  go  in  a  66-in.  boiler  and  allow  suffi- 
cient steam  space,  good  spacing  of  tubes  and  a  2i/^-in. 


vertical  space  in  the  center  and  no  tube  closer  than  3  in. 
to  the  shell.  This  spacing  would  also  allow  a  manhole 
below  the  tubes. 

In  order  to  find  the  length  of  the  tubes  and  boiler  it 
is  necessary  to  find  the  heating  surface  of  all  the  tubes 
for  1  ft.  in  length,  also  two-thirds  the  circumference  of 
the  shell  for  1  ft.  in  length. 

A  3-in.  tube,  1  ft.  long,  has  approximately  0.75  sq.ft. 
of  heating  surface.  Then  0.75  multiplied  by  96  equals 
72  sq.ft.  of  heating  surface  in  all  the  tubes  for  1  ft.  in 
length.  Two-thirds  of  the  circumference  of  the  shell  for 
1  ft.  in  length  is  appro.ximately  11  sq.ft.,  which  added  to 
72  sq.ft.  of  tubes  gives  83  sq.ft.  of  heating  surface  for 
the  shell  and  tubes  for  1  ft.  in  length.  Neglecting  the 
heating  surface  of  the  tube  sheets,  the  total  heating  sur- 
face is  1280  sq.ft.  Then  divide  the  total  heating  sur- 
face, 1280  by  83  sq.ft.,  which  equals  1  ft.  of  heating  sur- 
face in  the  length  of  the  tubes  and  shell  which  gives  the 
length  of  tubes  and  boiler  as  approximately  15  ft.  6  in. 
If  the  boiler  is  to  be  made  with  a  flush  front,  it  will  be 
15  ft.  6  in.  long  and  contain  96  three-inch  tubes  at  the 
same  length.  If  the  boiler  is  to  have  an  overhanging 
front  it  will  be  necessary  to  have  an  18-in.  dry  sheet  for 
the  smoke  box,  making  the  boiler  17  ft.  long.  Having 
determined  the  size  of  the  boiler,  it  is  necessary  to  decide 
on  the  material  and  pressure  to  be  carried. 

Boiler  Plate 

The  Massachusetts  boiler  law  requires  shell  plates  to 
be  made  of  fire-box  steel  and,  as  a  boiler  shell  has  nothing 
but  its  own  cylindrical  form  and  strength  to  sustain  the 
pressure,  the  best  fire-box  steel  should  be  used.  The  boiler 
is  to  be  built  for  a  working  pressure  of  150  lb.,  there- 
fore, the  longitudinal  joints  will  be  a  quadruple-riveted 
butt  joint  with  inside  and  outside  covering  straps,  the 
joint  to  have  an  efficiency  of  94  per  cent.  To  determine 
the  thickness  of  the  shell,  assuming  a  tensile  strength 
of  58,000  lb.  and  a  factor  of  safety  of  5,  which  is  none 
too  low,  and  an  efficiency  of  94  per  cent.     We  then  have 


Tensile  strength 


^.   .  58,000 


Radius  X  factor  0/  safety 

X  0.94  =  330.41 
Dividing  150  lb.  pressure  by  330.41  will  give  the  thick- 
ness of  plate  necessary,  or  0.454,  or  a  Jf-in-  plate.  As- 
suming that  the  height  from  the  top  row  of  tubes  to  the 
shell  is  22  in.  and  using  the  Massachusetts  boiler  rules 
in  calculating  the  segment,  which  is 


im 


X 


4 


0.608 


1^7? 
3      '^  \   H 

equals  area   of  segment  to  be   staved,   in   square  inches. 
Where 

//  =  Distance  from  tubes  to  shell,  minus  5  in.: 
7?  =  Eadius  of  shell,  minus  3  in. 
The  segment  will  contain  658  sq.in.,  which  at 
sure  of  150  lb.  you  will  have 

658  X   150  =  98.700  lb. 
total  pressure  on  that  jwrtion  of  tlie  two  heads. 

Braces 
A  o-ond  weldlcss  brace  will  have  7500  lb.  tensile  strength 


pres- 


p  0  ^^"  E  li 
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square  inch  up  to  and  including  li^  in-  diameter  or 
/alent,  and  above  that  8000  lb.  can  be  safely  allowed, 
me  that  a  ly^-in.  brace  is  used,  having  a  cross- 
Dual  area  of  1.227  in.,  then  9202  lb.  can  be  allowed 
laeh  brace.  Dividing  the  total  load  on  the  heads  by 
,  it  will  be  seen  that  more  than  ten  braces  are  re- 
;d,  therefore,  11  braces  will  be  used  on  each  head, 
le  rivet  strength  of  the  braces  must  be  in  excess  of 
;ensile  strength  of  the  brace  and  all  braces  should  be 
ed  so  as  to  have  as  direct  a  pull  as  possible  and  no 
3  should  be  less  than  46  in.  in  length. 

Fittings 

;  regards  the  nozzles,  avoid  cast  iron  as  much  as  pos- 

and  use  cast-  or  pressed-steel  nozzle.  Safety-valve 
steam-pipe  outlets  should  be  separate  and  if  a  dry 

is  used,  the  safety-valve  outlet  should  not  be  con- 
>d  to  it.  The  blowoff  flange  should  be  of  pressed 
.  To  complete  the  boiler  the  necessary  castings  must 
3taiued,  besides  the  brick  work  and  foundation,  viz., 
ront,  grates,  dead  plate,  arch  and  check  plates,  buck- 
;  and  rods,  anchor  bolts,  clean-out  doors  not  les.'>  than 
0  in.,  stack  base  and  stack  or  chimney,  also  breech- 
to  chimney,  damper  located  in  the  breeching,  wall 
'S  and  rollers  or,  if  preferred,  instead  of  rollers  un- 
he  lugs  use  iron  balls  fi/^  or  2  in.  in  diameter.  This 
allow  the  boiler  to  expand  freely  in  all  directions. 
\e  necessary  fittings  are  3i/^-in.  pop  safety  valve, 
n  gage  graduated  at  least  iy2  times  the  allowed 
r  pressure,  check  and  feed  valves.  The  blowoff  valves 
Id  be  2  or  2^^  in.  in  diameter.  Then  there  are  the 
r  column  and  connections.  Have  the  lower  connec- 
!  of  brass  and  use  cross  fittings  instead  of  elbows,  so 

in  case  the  lower  connections  should  fill  up  with 
,  the  plug  in  the  cross  can  be  removed  and  the  pipe 
led  with  a  rod. 

surface  blowoff  to  rid  the  boiler  of  scum  is  advisable 
ase  ill  so  doing  the  scale-forming  impurities  are  re- 
k1,  for  scale  is  nothing  but  floating  matter  and  scum 
h  finds  its  way  to  the  tube  and  shell  surface  where 
iheres,  but  it  can  be  blown  out  very  easily  with  a 
ice  blowoff  while  the  boiler  is  in  operation.  Provide 
)oiler  with  two  methods  of  feeding  and  do  not  forget 
od,  closed  heater;  it  will  pay  for  itself  in  less  than  a 

and  if  a  closed  heater  is  used,  no  gi-ease  can  get  into 
joiler. 

Chicago  to  Have  a  30,000-Kw. 
Turbine 

;ie  Commonwealth  Edison  Co.,  of  Chicago,  has  re- 
ly ordered  a  30,000-kw.  turbo-generator  for  its 
;hwest  Station.  In  the  Eisk  St.  extension  they 
installing  at  present  a  25,000-kw.  Parsons  turbine, 
have  also  ordered  a  20,000-kw.  horizontal  turbine 
L  the  General  Electric  Co.  The  30,000-kw.  machine 
the  Northwest  Station  will  also  be  of  the  General 
trie  horizontal  type  and  similar  to  the  unit  for  Fisk 
with  the  exception  that  the  turbine  will  be  designed 
separate  high-  and  low-pressure  cylinders,  the  lat- 
aeing  arranged  on  the  double-flow  principle.  The 
^r  unit  will  be  somewhat  more  economical  in  steam 
umption.  It  will  bo  equipped  with  a  surface  con- 
er  having  50.000  sq.ft.  of  cooling  surface,  together 


with  necessary  auxiliaries,  and  a  boiler  equipment  similar 
to  the  new  units  at  Fisk  St.,  described  in  the  issue  of 
Nov.  4  and  on  other  pages  of  this  issue.  The  generator, 
at  a  speed  of  1500  r.p.m.,  will  have  a  continuous  full- 
load  rating  of  30,000  kw.  at  100  per  cent,  power  factor. 
Current  will  be  generated  at  9000  volts,  25  cycles.  The 
exciter  will  be  direct  connected  to  the  main  generator 
shaft  and  will  furnish  current  at  250  volts. 


Kinetic  Air  Ejector 

For  the  removal  of  air  and  noncondcnsable  vapor  from 
a  condenser,  the  kinetic  air  ejector  is  a  radical  departure 
taking  the  place  of  the  so  called  dry-vacuum  pump  used 
in  a  great  majority  of  large  condenser  installations  in 
this  country.  The  particular  ejector  illustrated  here- 
with was  furnished  by  Messrs.  Richardsons,  Westgarth 
&  Co.,  of  West  Hartlepool,  Eng.,  for  the  condenser  of 
the  large  25,000-kw.  Parsons  turbine  now  being  installed 
at  Fisk  Street  Station,  Chicago.     It  will  be  remembered 

From  Condenser 


KixETic  Air  E.tectou 

that  this  turbine  and  its  condenser  were  described  in  our 
issue  of  Nov.  4.  The  ejector  illustrated  is  made  up  into 
two  units  which  can  be  used  independently  or  together. 

The  ejector  comprises  a  set  of  water  jets  annularly  ar- 
ranged which  entrain  the  air  and  noncondensable  vapors, 
removing  them  from  the  lower  part  of  the  steam  space  of 
the  condenser.  Water  is  pumped  through  these  jets  un- 
der a  pressure  of  about  35  lb.  per  sq.in.,  by  a  centrifugal 
pump.  The  water  is  taken  from  the  kinetic  tank  and 
from  the  nozzles  discharged  back  to  it,  carrying  the  air 
with  it  on  its  return.  Another  centrifugal  pump  takes 
the  water  of  condensation  from  the  condenser  and  dis- 
charges it  into  the  kinetic  tank.  The  core  of  air  formed 
in  the  column  of  water  after  entering  the  ejector  is  caught 
by  a  collecting  pipe,  by  which  it  is  discharged  above  the 
water  level  in  the  tank,  and  so  obviates  aeration  of  the 
feed  water.  Between  the  condenser  and  the  kinetic  noz- 
zles there  is  a  steam  ejector  which  is  used  to  augment 
the  vacuum.  This  is  not  shown  in  the  accompanying 
drawing,  but  appears  in  the  article  of  Nov.  4. 

The  kinetic  tank  consists  in  reality  of  three  sections; 
the  middle  section  constitutes  the  kinetic  tank  proper, 
which  has  just  been  referred  to.  In  addition  to  this,  there 
is  a  tank  on  one  side  which  performs  the  function  of  a 
feed-water  heater  and  on  the  other  side  is  a  hotwell  from 
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whieli  the  feed  pumps  take  their  supply.  The  hotwell  is 
provided  with  a  float  connected  to  the  makeup  water  sup- 
ply, so  that  an  adequate  quantity  of  water  will  be  main- 
tained for  boiler  feed.  The  kinetic  tank  proper  has  an 
outside  chamber  into  which  the  water  overflows  from  the 
central  ciiamber  containing  the  nozzles.  The  water  passes 
through  a  number  of  copper  strainers  and  from  this  sec- 
tion flows  to  the  feed-water  heater.  The  water  is  heated 
by  a  number  of  steam  jets  whch  are  supplied  with  steam 
from  the  connection  between  the  high-  and  low-pressure 
cylinders  on  the  turbine,  or  from  the  steam-driven  boiler- 
feed  iDump.  The  heater  section  is  connected  to  the  hut- 
well  by  a  passage  running  through  the  bottom  part  of 
the  kinetic  tank. 

Should  the  supply  of  water  in  the  hotwell  tank  be  more 
temporarily  than  the  demands  of  the  boiler-feed  pump, 
the  excess  will  pass  out  through  an  overflow  pipe  which 
runs  into  a  large  reservoir  located  below  the  level  of  the 
basement  floor.  The  use  of  this  reservoir  serves  to  save 
the  pure  water  of  condensation,  which  would  otherwise 
be  wasted.  When  the  supply  in  the  hotwell  becomes  de- 
ficient, a  float  valve  in  the  hotwell  serves  to  establish  a 
connection  from  the  reservoir  into  the  condenser,  thus 
furnishing  the  necessary  makeup  water.  An  additional 
float  valve  in  the  large  reservoir  serves  to  maintain  the 
level  at  a  predetermined  height  and  admits  water  from 
the  filtered  water  system  in  the  station. 

A  number  of  official  tests  on  the  kinetic  plant  for  the 


Commonwealth  Edison  Co.  were  made  under  the  direc- 
tion of  Messrs.  Merz  &  McLellan,  of  Newcastle-on-Tyue, 
Bng. 

For  the  test  the  air-suction  pipe  was  blanked  off.  The 
desired  vacuum  was  maintained,  and  a  known  quantity 
of  free  air  was  admitted  to  the  suction  system  through 
calibrated  nozzles,  with  the  same  quantity  of  water  at 
specified  temperature  passing  through  the  pump  as  will 
pass  through  when  it  works  in  connection  with  the  actual 
condenser.  A  remarkable  feature  in  the  results  was  that 
a  vacuum  of  29.8  in.,  with  a  barometer  of  30  in.,  was 
maintained  with  an  air  admission  of  14  cu.ft.  per  min., 
the  temperature  of  the  water  passing  through  the  jets 
Ix'ing  74  deg.  As  3G  deg.  is  the  temperature  correspond- 
ing to  a  vacuum  of  29.8  in.,  the  wafer  was  actually  38 
deg.  warmer  than  the  air.  With  an  air  admission  of  160 
cu.ft.  per  min.,  a  vacuum  of  28.6  in.  was  maintained 
with  water  at  85  deg.  passing  through  the  jets. 

In  some  special  tests  made  to  determine  the  effect  on 
the  air  withdrawing  capacity  of  high-temperature  water 
passing  through  the  jets,  it  was  found  that  29  in.  vacuum 
could  be  maintained  with  water  at  130  deg.,  the  air  ad- 
mission being  96  cu.ft.  per  min.  The  temperature  cor- 
responding to  29  in.  of  vacuum  is  '(9  deg.,  so  that  the 
water  was  51  deg.  warmer  than  the  air.  Such  a  tempera- 
ture is  beyond  what  may  be  expected  in  practice,  but  the 
test  well  illustrates  the  flexibility  and  range  of  the  ap- 
paratus. 


Steam  Regenerative  Accumulators 


By  H.  Fotheegill 


Although  steam-regenerative  accumulators  have  been 
/( igh- pressure  intermittent  running  reciprocating  engines 
and  low-pressure  steam  turbines;  some  features  of  design 
and  a  description  of  the  Rateau-M orison  type. 

Although  steam-regenerative  accumulators  have  been 
employed  in  principle  for  at  least  30  years,  their  prac- 
tical use  has  been  successful  only  since  the  advent  of  the 
low-pressure  steam  turbine. 


1.      AlUfANGEMENT    OF    EleMEXTARY    REGENERATOR 


The  application  of  the  system  lies  chiefly  in  combining 
the  steam  turbine  with  intermittent  running  reciprocat- 
ing engines,  such  as  are  used  in  rolling  mills,  colliery 
winding  engines,  etc.,  where  the  use  of  a  continuous  run- 
ning high-pressure  turbine  as  a  substitute  for  the  recipro- 
cating engine  would  be  impracticable.  The  exhaust  steam 
from  an  intermittent  running  reciprocating  engine  can- 
not be  used  directly  in  a  turbine  as  the  exhaust  is  de- 
livered in  gulps  which  must  be  changed  into  a  continuous 
supply  at  approximately  uniform  pressure.  This  trans- 
formation is  effected  by  means  of  a  steam-regenerative 


accumulator.  Broadly  speaking,  a  steam-regenerative  ac- 
cumulator is  an  apparatus  which  absorbs  heat  from  steam 
delivered  to  it  in  intermittent  quantities  and  gives  up 
heat  in  the  form  of  a  continuous  supply  of  steam  of 
slightly  lower  pressure  than  the  steam  received. 

When  a  steam  turbine  is  supplied  with  exhaust  stean; 
from  a  high-pressure  engine,  such  as  a  colliery  winding 
engine,  the  quantity  of  exhaust  discharged  by  the  wind- 
ing engine  is  at  times  greater  than  is  required  for  driv- 
ing the  turbine,  and  it  is  the  object  of  the  regenerative 
accumulator  to  store  up  the  heat  in  this  surplus  steam 
by  condensing  it  in  a  body  of  water  which  gives  it  out 
again  in  the  form  of  regenerated  steam  when  the  sup- 
ply from  the  engine  is  insufficient  for  the  turbine. 

The  system  is  illustrated  diagrammatically  in  Fig.  1. 
Exhaust  steam  from  the  reciprocating  engine  passes  into 
the  water  by  which  it  is  condensed,  the  water  being  there- 
by heated.  When  the  water  is  raised  to  the  same  tem- 
perature as  the  exhaust  steam,  the  steam  passes  through 
the  water  to  the  steam  turbine,  and  when  the  supply  of 
exhaust  steam  ceases,  the  turbine  by  continuing  to  draw 
from  the  steam  space  reduces  the  pressure  and  causes 
the  water  to  boil,  whereby  a  supply  of  regenerated  steam 
continues  to  pass  to  the  turbine ;  the  water  being  again 
i-iiiscd  in  temperature  every  time  exhaust  steam  is  de- 
li \('red  from  the  reciprocating  engine. 

There  are  several  disadvantages  in  accumulators  where- 
in the  whole  of  the  exhaust  steam  passes  into  the  water. 
For  example,  there  is  a  constant  difference  between  the 
pressure  in  the  exhaust-steam  supply  pipe  to  the  accumu- 
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r  and  the  pressure  in  the  outlet  pipe  from  the  ae- 
lulator  to  the  turbine,  the  pressure  difference  being 
il  to  the  resistance  offered  by  the  head  of  water  in 


I 


a. 


^ 


iG.  2.  Paet  of  SxEAii  Passed  UiiiEex  to  Tckbine 

accumulator  through  which  the  steam  must  be  passed. 
s  resistance  causes  a  drop  between  the  initial  pressure 
he  turbine  and  the  pressure  in  the  exhaust-steam  sup- 
pipe  to  the  accumulator.  This  drop  is  equivalent  to 
iss  of  energ}'.  Again,  wlien  the  whole  of  the  exhaust 
m  must  pass  into  the  water,  the  first  effect  produced 
the  exhaust  steam  is  the  gradual  heating  and  the 
iual  evaporation  of  the  water  in  the  accumulator. 
s  continues  until  the  temperature  of  the  water  in  the 
imulator  corresponds  to  the  steam  pressure  which  is 
essarj'  for  driving  the  turbine,  the  response  of  the 
jine  to  the  supply  of  exhaust  steam  from  the  recipro- 
ng  engine  at  starting  is  therefore  delayed, 
'he  writer  has  found  from  experiment  that  higher  effi- 
icy  is  obtained  if  a  controllable  portion  of  the  exhaust 
im  from  the  reciprocating  engine  is  passed  direct  to 
steam  turbine  as  illustrated  in  Fig.  2.  It  will  be  seen 
u  this  that  the  exhaust-steam  supply  pipe  to  the  ac- 
lulator  is  connected  to  the  steam-supply  pipe  to  the 
oine  by  a  valve  that  is  operated  by  a  piston  cpn- 
led  by  the  pressure  of  the  exhaust  steam  from  the 
procating  engine,  so  that  under  normal  conditions  the 
re  is  open,  but  when  a  predetermined  pressure  is  ex- 
ied  the  piston  is  forced  upward  and  the  valve  closed. 
?refore,  at  all  pressures  below  that  corresponding  to 

resistance  offered  by  the  head  of  water  above  the 
zles  in  the  accumulator,  the  steam  flows  freely  to  the 
bine  so  that  the  loss  of  pressure  which  must  result 
ire  the  entire  steam  passes  into  the  water,  is  avoided, 
o,  when  starting,  a  portion  of  the  steam  which  flows 
t  the  control  valve  fills  the  steam  space  of  the  ac- 
lulator  and  raises  the  pressure  considerably  above  that 
responding  to  the  temperature  of  the  water  in  the  ac- 
iiulator;  consequently  all  the  heat  in  the  steam  sup- 
id  through  the  nozzles  is  absorbed  by  the  water  and 
evaporation  takes  place  until  its  temperature  reaches 

temperature  corresponding  to  the  pressure  in  the 
im  space.  This  rapid  absorption  of  heat  by  the  watei 
the  accumulator  in  addition  to  and  in  parallel  with 

supply  of  steam  to  the  turbine  through  the  control 
re  causes  a  total  consumption  of  steam  in  a  given 
e  greater  than  in  the  ordinary  system.  This  greater 
sumption  takes  place  just  at  the  time  when  the  maxi- 
m  quantity  of  steam  is  discharged  by  the  reciprocat- 

en^ine  and  as  a  consequence  the  loss  of  surplus  steam 
ough  the  safety  valve  is  minimized. 


In  the  working  of  a  colliery  winding  engine,  the  period 
of  acceleration  is  about  one-fifth  the  total  period,  so  that 
during  acceleration  the  amount  of  exhaust  steam  may  be 
many  times  the  average  and  drop  off  to  nothing  before 
the  winding  is  completed.  In  rolling-mill  work  the  ef- 
fect is  similar,  but  the  periods  are  shorter.  The  dura- 
tion of  the  stops  to  be  bridged  varies  for  different  ser- 
vices, but  in  the  majority  of  cases  may  be  taken  at  60 
sec.  in  colliery  work,  and  from  30  to  45  sec.  in  rolling- 
mill  work. 

The  pressure  range  over  which  an  accumulator  is  de- 
signed to  work  is  usually  taken  from  17  to  14  lb.  per 
sq.in.  absolute,  corresponding  to  a  temperature  range  of 
10  deg.  F.  so  that  the  pressure  in  the  accumulator  will 
be  continually  varying  from  above  atmospheric  pressure 
to  slightly  below,  there  being  periods  of  pressure  and 
periods  of  partial  vacuum,  the  partial  vacuum  never  ex- 
ceeding 3  in.,  thus  leaving  a  minimum  range  of  from,  say, 
3  to  28^2  in-  in  the  turbine,  while  at  times  the  pressure 
at  the  turbine  inlet  may  be  2  lb.  above  atmospheric. 


mB 
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Fig.  3.   Sectiox  tiiijough  Exhaust  Nozzle 

The  calculations  for  a  steam-regenerative  accumtilator 
are  comparatively  simple. 
Let. 

ir  =  Pounds  of  steam  required  per  second  for  the 

turbine : 
w  =  Pounds  of  water  in  the  accumulator ; 
T  =  Time  of  stop  in  seconds  when  the  reciprocating 

engine  is  not  working; 
t  =  Temperature   rise   in   the    accumulator   water, 
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usually  about  10  cleg.  F. ; 
II  =  Total  heat  per  pound  of  steam  in  the  accumu- 
lator, above    the  temperature    of  the    water, 
which  equals  approximately  the  latent  heat. 
Total  heat  of  steam  regenerated  from  the  water  during 


radial  arms,  each  of  whicl;  is  provided  with  a  narrow 
slot  on  its  upper  surface  through  which  the  steam  passes 
in  films,  thereby  exposing  a  large  surface  to  the  upwardly 
induced  streams  of  water  that  flow  between  the  arms. 
The  nozzle  is  placed  about  9  in.  below  the  water  level. 


Fig.  4.    Combined  Steah  Regenebator  and  Feed-Water  Heater 


oppage  of  reciprocating  engine  =  WTH. 

This  quantity  of  heat  has  to  be  stored  by  the  water  in 
le  accumulator. 

Total  heat  stored  by  the  water  =  tut. 

Hence,  WTH  =  wt 

WTH 

From  this  equation  it  is  seen  that  the  capacity  is  in- 
;pendent  of  the  time  of  absorption ;  but  in  order  to  ob- 
in  maximum  efficiency  it  is  necessary  for  the  whole 
)dy  of  contained  water  to  be  at  a  uniform  temperature 
hen  regeneration  commences.  Therefore,  in  order 
osely  to  approach  this  ideal  result,  a  very  effective  meth- 
l  of  circulating  the  whole  mass  of  water  must  be  adopted. 
It  has  been  found  by  employing  multiple  heating  noz- 
es  so  constructed  that  the  surplus  steam  is  discharged 
om  them  in  narrow  sheets  in  an  upward  direction,  that 
earn  is  easily  condensed  by  the  surrounding  water  and 

the  same  time  produces  maximum  circulation  through 
le  pipes  in  which  they  are  placed.  In  this  way  the  large 
)lume  of  steam  coming  from  the  high-pressure  engine 
so  divided  up  and  distributed  throughout  the  accumu- 
tor  that  the  disturbance  caused  by  the  hot  steam  meet- 
g  the  water  is  practically  of  no  account  and  this  per- 
its  the  steam. outlets  to  be  placed  very  close  to  the  sur- 
ce  of  the  water  without  causing  any  violent  ebullition 
1  the  surface  and  producing  priming  or  wet  steam.  A 
•eat  advantage  obtained  by  reducing  the  depth  of  water 
love  the  steam  outlets,  is  that  the  resistance  to  flow 
rough  the  nozzles  is  correspondingly  reduced. 
After  exhaustive  tests  involving  a  large  number  of  de- 
gns  the  arrangement  of  nozzle  placed  within  a  ver- 
bal circulating  tube,  as  shown  in  Fig.  .3,  has  been  adopted 

the  Rateau-Morison  accumulator. 
In  plan  the  nozzle  is  in  the  shape  of  a  star  having 


r.nd  the  steam  supply  is  by  a  tube  connected  to  the  main 
steam-supply  pipe  which  is  situated  in  the  steam  space  of 
the  accumulator.  There  can  be  no  short-circuiting  of 
the  water  with  this  arrangement,  as  the  entire  volume 
within  the  effective  range  of  the  tube  is  compelled  to 
travel  from  the  bottom  to  the  top. 

In  the  practical  working  of  accumulators  the  presence 
of  oil  on  the  water  has  been  found  to  have  a  detrimental 
effect.     It  will  be  noted  that  the  circulating  device  il- 


FiG.  5.  Exterior  View  of  Rateau-Morison 

AcC'tTMULATOH 

lustrated  in  Fig.  3  is  provided  with  a  water  outlet  at  the 
top  at  one  side  only,  and  as  the  discharge  from  each 
water-circulating  device  is  in  one  direction,  viz.,  toward 
the  end  of  the  accumulator,  a  current  is  set  up  which 
continuously  and  effectively  forces  oil,  scum  and  all  float- 
ing impurities  toward  one  end  into  a  collecting  chamber, 
from  which  it  is  drained  a%vay  periodically  or  continuous- 
ly as  may  be  desired. 
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In  combined  reciprocating-engine  and  steam-turbine 
plants  wherein  the  supply  of  exhaust  steam  is  consider- 
ably greater  than  that  required  by  the  turbine,  a  very 
convenient  way  of  utilizing  the  surplus  steam  is  for  feed- 
water  heating.  Fig.  4  shows  in  section  a  combined  steam- 
regenerative  accumulator  and  feed-water  heater.  The 
heater  is  placed  at  the  right-hand  end  of  the  accumu- 
lator and  is  connected  by  a  nonreturn  valve  to  the  ex- 
haust-steam supply  sj'stem,  the  nozzles  in  the  heater  be- 
ing submerged  at  a  much  greater  depth  than  the  nozzles 
in  the  accumulator,  so  that  the  exhaust  steam  preferential- 
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ly  flows  through  the  nozzles  in  the  accumulator  but  when 
there  is  a  surplus  supply,  then  the  pressure  rises  and 
steam  passes  through  the  nonreturn  valve  into  the  heater. 
Fig.  5  is  a  photograph  of  a  modern  accumulator  of 
the  Eateau-Morison  tj'pe.  On  the  top  of  the  accumu- 
lator are  shown  the  exhaust-steam  inlet,  oil-separating 
chamber,  bj^oass  valve,  outlet  dome  and  safety  valve,  and 
Fig.  6  shows  the  internal  water-circulating  tubes. 

Test  of  a  Welded  Boiler 

In  connection  with  our  report  of  the  convention  of 
the  N".  A.  S.  E.  we  mentioned  briefly  a  test  made  by  The 
Welding  Co.  of  Springfield,  Mass.,  of  a  rivetless  boiler. 
We  are  able  now  to  present  reproductions  of  photographs 
of  the  boilers  as  taken  under  test  by  A.  D.  Risteeu,  of  the 
Travelers'  Insurance  Co.  It  is  of  the  vertical  firebox 
type,  designed  to  carry  only  10  lb.  pressure,  30  in.  in 
diameter,  made  of  1/4 -in.  flanged  steel,  and  put  together 
by  oxyacetylene  welding.  Fig.  1  shows  the  longitudinal 
joint ;  Fig.  2  shows  how  the  head  or  upper  tube  sheet 


Fig. 
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and  door  frame  are  welded  in.  On  account  of  the  low 
pressure  for  which  the  boiler  is  designed  the  water  L„ 
was  not  stay-bolted,  and  to  oppose  the  tendency  of  the 
inner  sheet  to  bulge  under  the  high  pressure  of  the  test, 
it  was  braced  by  rods  placed  irregularly  in  the  firebox 
which  was  26  in.  in  internal  diameter  and  24  in.  in 
height.     These  rods  were  not,  however,  so  arranged  as  to 


Flu.  1.   Welded  Loxgitudinal  Seaji 


Firebox  Exd.  Showing  Tejiporakt  Bracixg 


prevent  distortion,  and  at  310  lb.  the  inner  sheet  of  ihe 
water  leg  had  bulged  inward  so  badly  that  it  tore  away 
from  the  door  frame  and  allowed  a  leak  which  made  it 
impossible  to  carry  the  j^ressure  higher.  The  longitudinal 
and  other  seams  stood  the  pressure  perfectly.  It  is  pro- 
posed to  stay-bolt  the  water  leg  and  repeat  the  test  under 
conditions  which  will  put  the  welding  itself  to  the  test. 

To  Reg;ulate  the  Price  of  AVater  Power  to  consumers,  tho, 
national  government  has  established  a  new  policy  in  grant- 
ing: water-power  permits.  A  maximum  charge  of  6c.  per 
kw.-hr.  is  fixed  by  the  terms  of  the  permit,  and  the  lower 
the  power  rate  charged  by  the  company,  the  lower  will  be  the 
water  rate  collected  by  the  government.  Lower  rates  on 
water  are  to  be  charged  for  power  used  for  certain  pur- 
poses, such  as  making  nitrates  for  fertilizer"  and  decreasing 
rates  as  more  power  is  developed.  This  will  not  only  pro- 
tect the  consumer,  but  encourage  the  fullest  development  of 
^*ater  power. 
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The  Induction  Motor — III 

By  F.  a.  Annett 
Wound  Eotok 

At  the  instant  of  starting,  the  simple  squirrel-cage  in- 
duction motor  acts  very  much  like  a  potential  trans- 
former with  the  secondary  short-circuited;  that  is,  when 
the  rotor  is  at  rest  the  electromotive  force  induced  in  it 
is  at  a  maximum  and  the  frequency  is  the  same  as  the 
stator  winding,  consequently,  since  the  resistance  of  the 
rotor  is  low  the  current  will  be  large  at  a  low  power  fac- 
tor, causing  the  stator  winding  to  take  a  large  current 
from  the  line  with  a  correspondingly  low  power  factor. 

The  starting  torque  of  an  induction  motor  is  influenced 
to  a  very  large  degree  by  the  angle  of  lag  between  the 
current  and  the  e.m.f.  in  the  rotor,  being  at  a  maximum 


motor  fluctuates  greatly,  depending  upon  the  position  of 
the  rotor  winding  with  respect  to  that  of  the  stator.  This 
fluctuation  increases  as  the  current  increases  and  the 
smaller  the  number  of  phases  in  the  rotor.  For  this  lat- 
ter reason  the  three-phase  winding  is  used  exclusively  on 
the  rotors  of  all  polyphase  wound-rotor  induction  motorti 
whether  the  motor  is  built  for  a  two-phase  or  a  three- 
phase  circuit.  This  fluctuation  is  also  present  in  the 
squirrel-cage  motor,  but  to  a  very  small  degree  as  the 
number  of  phases  in  the  rotor  is  very  great. 

Wound  rotors  are  built  in  two  general  types,  those  that 
have  the  starting  resistance  and  short-circuiting  switch 
mounted  within  the  rotor,  and  those  that  have  the  start- 
ing resistance  and  cutout  switch  mounted  outside  the 
motor. 

Fig.  19  shows  a  G.  E.  wound  rotor  in  which  the  re- 
sistance  is  mounted   on   the   spider.     The   resistance   in 


Flu.  19.    G.  E.  Wound  Rutoi; 

when  the  two  are  in  phase  and  at  zero  when  the  current 
is  lagging  90  deg.  Since  the  phase  relation  between  the 
current  and  the  e.m.f.  in  an  alternating-current  circuit 
depends  upon  the  resistance  and  the  reactance  of  the  cir- 
cuit, the  two  being  nearly  in  step  when  the  reactance  is 
small  and  the  resistance  high  and  difl'ering  in  phase  near- 
ly 90  deg.  when  the  reactance  is  high  and  the  resistance 
low,  it  is  evident  that  to  provide  a  good  starting  torque 
the  resistance  of  the  rotor  should  be  high  and  the  re- 
actance low ;  but  high-resistance  rotors  decrease  the  effi- 
ciency of  the  motor  when  running,  therefore,  to  get  the 
best  operating  results  the  rotor  should  have  high  resist- 
ance at  starting  and  low  resistance  when  running.  This 
condition  is  frequently  secured  by  the  use  of  a  wound 
rotor  connected  to  an  external  resistance,  a  motor  of 
this  type  permitting  easy  speed  adjustment  as  will  be 
explained  later. 

This  type  of  rotor  instead  of  being  wound  with  bars 
which  are  short-circuited  at  each  end  as  in  the  squirrel- 
cage  type  has  a  winding  of  insulated  wire  similar  to  the 
winding  used  on  the  armature  of  a  three-phase  alternator, 
the  polar  spacing  depending  upon  the  polar  spacing  of 
the  stator  winding.  This  winding  is  connected  in  series 
with  an  external  resistance  at  starting  which  is  cut  out  as 
the  rotor  comes  up  to  speed. 

It  is  well   known   that  the   torque   of  a  wound-rotor 


Fig.  20.    Rotor  Havixg  External  Resistance 

made  in  three  parts,  one  part  for  each  phase,  and  con- 
sists of  cast-iron  grids  inclosed  in  a  triangular  frame 
which  is  bolted  to  the  end  plates  holding  the  rotor  lamina- 
tions together.  It  is  short-circuited  by  sliding  laminate;! 
spring  metal  brushes  along  the  grids.  These  brushes- 
are  supported  by  a  metal  sleeve  upon  the  shaft  which  is 
operated  by  a  rod  that  passes  through  the  end  of  a  hol- 
low shaft  and  engages  the  brush  arrangement  in  the 
rotor.  The  outer  end  of  this  rod  terminates  in  a  loose 
knob  as  shown,  and  by  pushing  in  the  knob  when  the 
motor  has  attained  its  speed  the  resistance  is  cut  out.  In 
the  larger-sized  motors  the  resistance  is  cut  out  by  a  lever 
secured  to  the  bearing  bracket.  These  resistances  are 
made  in  three  different  forms:  Cast-iron  grids,  cast-brasi 
grids  and  cylindrical  coils  made  from  a  german-silver 
strip  wound  on  its  edge.  In  all  three  forms  the  resist- 
ance is  cut  out  in  a  way  similar  to  that  explained. 

If  the  resistance  is  to  be  cut  out  at  a  distant  ])oint 
from  the  motor,  or  the  motor  is  to  be  used  for  variable- 
speed  service  it  is  best  to  mount  the  resistance  and  con- 
troller external  from  the  motor.  This  necessitates  the 
use  of  three  collector  rings,  insulated  from  each  other  and 
keyed  to  the  shaft.  Fig.  20  shows  a  G.  E.  rotor  of  thi;; 
type.  These  collector  rings  connect  the  rotor  winding 
to  the  controller  and  resistance  through  brush  gear  pro- 
vided for  that  purpose. 
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Fig.  81  shows  diagrammatically  the  rotor  winding  con- 
nected to  the  starting  resistance  through  the  collector 
rings  and  brushes.  The  three  rotor  windings  A,  B  and  C 
are  connected  in  star,  and  the  terminals  of  the  windings 
are  connected  to  the  three  collector  rings.  The  three 
branches  R-y,  R.^  and  R^  of  the  starting  resistance  are  also 
connected  in  star  by  the  three-armed  short-circuiting 
switch  S.  At  starting  the  arm  is  in  the  position  shown 
hy  the  full  lines  and  all  the  resistance  is  in  series  with 
the  rotor  winding.  As  the  rotor  comes  up  to  speed  the 
arm  is  gradually  moved  around  in  the  direction  indi- 
cated to  the  position  shown  by  the  dotted  lines.  At  this 
position  the  resistance  is  all  cut  out  and  the  three  rotor 
windings  are  short-circuited  by  the  arms  of  the  switch. 
By  using  three  resistances,  one  in  each  phase  of  the  rotor, 
and  a  short-circuiting  switch,  as  shown  in  Fig.  21,  the  re- 
sistance in  each  phase  is  kept  balanced,  and,  consequent- 
ly, the  current  for  the  different  starting  points,  although 
this  is  not  absolutely  necessary  except  at  the  point  of 
maximum  starting  torque. 

In  most  cases  satisfactory  starting  can  be  obtained  by 
using  what  is  known  as  an  unbalanced  resistance,  as 
shown  in  Fig.  22.  Two  resistances  R^  and  R^  are  con- 
nected in  open  delta  at  starting  by  the  arm  S  in  the  po- 
sition .shown  by  the  full  line.?,  as  the  motor  comes  up  to 
speed  the  arm  is  gradually  moved  around  to  the  position 
indicated  by  the  dotted  lines  at  which  position  the  re- 
sistance is  all  cut  out  and  the  rotor  windings  are  short- 
circuited.  With  such  a  connection  the  current  in  phase  C 
is  greater  than  in  phases  A  and  B  for  all  starting  points, 
the  current  in  each  phase  becoming  nearer  balanced  as 
the  resistance  is  decreased  until  the  rotor  windings  are 
short-circuited,  at  which  point  the  conditions  are  the 
same  as  in  Fig.  31.  This  unbalancing  of  the  current  has 
so  little  effect  that  it  is  unobjectionable  for  most  start- 
ing purposes. 

The  Bell  Electric  Motor  Co.  manufactures  an  interest- 
ing type  of  j)olyphase  induction  motor,  the  rotor  of  whicn 
has  a  high  resistance  at  starting  and  a  low  resistance 
when  running.  A  winding  similar  to  that  used  on  the 
armature  of  a  direct-current  motor  is  placed  in  the  bot- 
tom of  the  rotor  slots  and  connected  to  a  commutator,  as 
there  is  no  external  circuit  provided  for  this  winding  no 
current  will  be  set  up  in  it  at  starting.  A  second  wind- 
ing similar  to  a  squirrel-cage  winding  of  high  resistance 
is  placed  in  the  top  of  the  slots.  At  starting  this  wind- 
ing acts  like  that  of  a  regular  squirrel-cage  motor  ex- 
cept on  account  of  the  high  rotor  resistance  the  starting 
current  taken  from  the  line  is  considerably  reduced,  ana 
the  starting  torque  increa.sed.  When  the  rotor  comes  up 
to  speed  a  short-circuiting  device  mounted  on  the  shaft 
at  the  outer  end  of  the  commutator  is  thrown  in  by  a 
centrifugal  governor  arid  short-circuits  the  coils  of  the 
winding  in  the  bottom  of  the  slots  through  the  com- 
mutator, making  this  winding  similar  to  the  squirrel- 
cage  winding  and  thus  reducing  the  resistance  of  the 
rotor.  At  running  the  rotor  is  similar  to  one  that  has 
two  squirrel-cage  windings  in  parallel.  .The  commutator 
is  used  for  no  other  purpose  than  to  provide  a  ready 
means  to  short-circiiit  the  winding,  thus  making  the 
motor  automatic  in  its  starting  and  requiring  no  atten- 
tion other  than  closing  the  line  switch  at  starting  and 
opening  it  again  when  the  motor  is  stopped. 

The  Wagner  Electric  Manufacturing  Co.  builds  a 
wound-rotor  polyphase  induction  motor  that  is  also  au- 


tomatic in  starting.  The  rotor  winding  is  similar  to  that 
used  on  a  direct-current  armature  and  is  connected  tu  a 
vertical  commutator,  this  winding  is  so  connected  that 
the  coils  are  in  series  at  starting  and  thus  increase  the 
rotor  resistance.  After  the  rotor  has  attained  the  proper 
speed  a  short-circuiting  device  mounted  within  the  rotor 
is  thrown  in  by  a  centrifugal  governor  and  the  rotor  is 
then  running  as  one  of  the  squirrel-cage  type.  The  statm- 
winding  is  the  same  as  that  used  in  any  polyphase  motni-. 
This  type  of  motor  is  well  adapted  to  remote  control,  n- 
quiring  no  controlling  device  other  than  a  single-throu- 
three-pole  switch  to  open  and  close  the  line  circuit  and 
a  double-throw  switch  if  the  motor  is  to  be  reversed. 

To  Reverse  the  Directiox  of  Rotation 

To  reverse  the  direction  of  rotation  of  a  two-  of  three- 
phase  induction  motor  it  is  necessary  to  reverse  the  di- 
rection of  the  revolving  magnetic  field.  In  a  two-pha-e 
motor  this  can  be  done  by  crossing  the  terminals  of  eithei- 
phase  with  the  terminals  of  the  motor,  and  a  three-pli:i-'' 
motor  can  be  reversed  by  crossing  any  two  terminals.  Tlir 
following  diagrams  will  make  this  clear : 

Fig.  23  represents  a  two-phase  induction-motor  wiml- 
ing  connected  to  a  four-wire,  two-phase   circuit;   er(/s.-- 


FIS.22 

Balanced  and  Uxbai.ancku  SrAimxc;   Resistances 

iiig  the  comiection  of  phase  .1  or  B,  as  shown  in  Fig, 
24,  will  reverse  the  direction  of  rotation.  Fig.  25  repre- 
sents a  two-phase  motor  connected  to  a  three-wire,  two- 
phase  circuit.  The  voltage  E  across  each  phase  is  the 
same,  but  between  the  two  outside  legs  it  is  .E  V  2.  The 
motor  under  this  condition  can  be  reversed  in  two  differ- 
ent ways,  first  as  shown  in  Fig.  26,  by  crossing  either  of 
the  phase  terminals  in  the  motor,  which  leaves  the  con- 
nections with  respect  to  the  e.m.f.  as  they  were  at  first. 
The  second  method  is  shown  in  Fig.  27  and  consists  in 
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Tossing  the  outside  line  terminals.  This  gives  the  same 
oltage  relation  with  reference  to  the  two  different  wind- 
ngs,  that  is,  there  is  E  volts  across  phases  A  and  B  and 
V  2  across  the  two  outside  terminals.  Care  should  be 
;aken  not  to  connect  a  two-phase  motor,  as  shown  in  Fig. 
as  this  gives  an  excessive  voltage  across  one  phase 
fvhich  changes  the  phase  relation  of  the  current  in  the 


Phase  A      Phase  B 


Phase  "K     Phase  ~B" 


Phase'A"     Phased' 


Phase'X     Phase's' 


--E--H  W-E-H^-E 

-E A  V E 

■^^       FIG.Z9  n&.30 

Connections  for  Reversing  Both  Two-  and  Three- 
Phase  Motors 

two  windings  and  reduces  the  starting  torque,  also  the 
excessive  current  is  liable  to  liurn  out  the  windings  in  a 
very  short  period. 

In  Fig.  29  is  shown  diagrammatically  the  windings 
of  a  three-phase  motor  connected  in  star  to  a  three-phase 
circuit.  The  voltage  i;  the  same  between  any  two-line 
wires,  and  between  any  two  terminals  of  the  motor  there 
are  two  windings  connected  in  series.  Hence,  any  two  of 
the  line  terminals  can  be  crossed  with  respect  to  the 
motor  terminals  and  have  the  same  relation  between  the 
line  voltage  and  the  windings  in  the  motor.  This  also 
holds  true  for  the  delta  connection  shown  in  Fig.  30 ; 
in  this  connection,  however,  there  is  only  one  winding 
across  each  phase  and  to  work  on  the  same  voltage  as  the 
star  connection  will  require  seven-tenths  more  turns  in 
each  winding  than  required  when  the  windings  are  con- 
nected in  star.  Crossing  any  two  of  the  line  terminals, 
as  shown  in  Fig.  31,  with  respect  to  the  motor  terminals 
will  reverse  the  direction  of  rotation. 


Occupation  of  Graduate  Engineers — In  an  interview  pub- 
lished in  the  "New  Yorli  Times,"  Oct.  IS.  Professor  Purman 
of  the  Stevens  Institute  of  Technology  reviews  the  careers  of 
graduates  of  that  school  of'  mechanical  engineering  and 
furnishes  diagrams  showing  that  of  men  graduated  15  to  20 
years,  about  42  per  cent,  are  fining  positions  as  executive  ofB- 
cers,  managers,  etc.;  about  IS  per  cent,  occupy  executive  po- 
sitions as  superintendents  and  heads  of  manufacturing  de- 
partments and  about  5  per  cent,  are  retired  or  unaccounted 
for. 


Necessity  for  Good  Voltage  Reg- 
ulation 

By  Cornelius  Weber 

The  importance  of  good  voltage  regulation  will  be  ap- 
parent froni  the  following  few  facts  which  point  out  the 
financial  loss  encountered  by  line  drop  or  a  high-reading 
voltmeter. 

Assume,  for  example,  that  a  central  station  in  a  small 
town  serves  800  incandescent-light  customers  and  that 
the  average  kilowatt-hour  consumption  per  customer  per 
month  is  20.  This  corresponds  to  an  average  burning  of 
four  -LO-watt  Jamps  for  4  hr.  each  evening,  a  total  of  513 
kw.-hr.  per  night  with  normal  voltage  at  110.  This  kilo- 
watt-hour consumption  per  evening  amounts  to  188,800 
kw.-hr.  per  year  and,  at  10c.  per  kw.-hr.,  represents  the 
.sum  of  $18,880. 

Xow  suppose  that,  due  to  line  drop  or  a  high-reading 
voltmeter,  or  a  combination  of  both,  the  average  actual 
voltage  on  the  incandescent-lamp  circuits  is  only  105,  so 
that  the  voltage  is  95.5  per  cent,  of  normal.  Under  these 
conditions  the  wattage  output  is  only  91.2  per  cent,  of 
normal,  as  the  wattage  input  on  resistance  loads  such  as 
incandescent  lamps  varies  as  the  square  of  the  voltage. 
In  other  words,  this  loss  of  five  volts  causes  a  loss  of  8.8 
per  cent,  in  kilowatt-hour  consumption  and,  in  the  fore- 
going example,  represents  0.088  X  18,880  =  $1661.44. 
This  decrease  in  revenue  is  practically  a  total  loss. 

Electric  cooking  utensils,  flat-irons,  etc.,  behave  in  a 
similar  manner  to  incandescent  lamps  and  when  operat- 
ing below  normal  voltage  cause  losses  in  revenue  in  the 
same  way.  This  is  not  true,  however,  of  electric  motors,  as 
these  have,  for  a  given  load,  practically  a  constant  watt- 
age input  even  with  varying  voltage  within  reasonable 
limits.  However,  motors  are  often  the  cause  of  heavy  line 
drop  and  it  is  good  practice  as  a  rule  to  keep  power  and 
lighting  circuits  separate. 

Aside  from  the  actual  financial  loss  caused  by  low  volt- 
age the  lamps  suffer  a  decrease  in  candlepower  and  effi- 
ciency. A  110-volt  carbon-filament  lamp  burning  at  105 
volts  or  95.5  per  cent,  normal  voltage  delivers  only  74 
per  cent,  of  the  normal  candlepower  while  under  similar 
conditions  the  tungsten  lamp  delivers  about  83  per  cent, 
normal  candlepower.  This  readily  accounts  for  dissatis- 
fied customers  and  loss  of  business. 

A  well  designed  distributing  system  is  invariably  a 
well  paying  investment  and  station  instrument  iil.spection 
and  calibration  a  matter  of  no  little  importance. 

Voltage  Too  High 

We  have  three  Westinghouse  turbines  direct-connected 
to  alternating-current  generators  running  at  a  speed  of 
3600  r.p.m.  Two  of  the  machines  show  a  voltage  of  2300 
at  60  cycles,  while  the  other  one  shows  2350  at  60  cycles. 
Xow  in  trying  to  get  the  voltage  down  to  2300  the  ma- 
chine was  slowed  down  to  56  cycles,  but  this  did  not 
make  any  difference  in  the  voltage,  it  still  being  2350. 
The  rheostat  on  the  machine  was  then  cut  in  and  out  to 
the  limit  but  still  there  was  no  change  in  the  voltage. 

Perhaps  someone  can  account  for  this  one  machine 
acting  in  this  manner.  We  have  a  vibration  tachometer 
on  each  machine  and  a  Terrill  regulator  on  the  system. 

WiLFORD  M.    StOCKWELL. 

Middletown,  Conn. 
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Exhaust  Gases  from  Oils  and  Gas 
Fuels 

By  Julian  C.   Smallwood 

The  proportions  of  CO^,  oxygen  and  nitrogen  result- 
ing from  the  combustion  of  coal  are  fairly  well  known, 
so  that  one  readily  forms  an  idea  of  the  efficiency  of 
the  process  upon  learning  the  percentage  of  COj-  This, 
however,  is  not  the  case  when  the  fuel  is  any  of  the  fuel 
oils  or  gases. 

The  accompanying  curves  show  the  proportions  to  be 
expected,  as  would  be  indicated  by  an  analysis  with  the 
Orsat  apparatus,  in  the  products  of  complete  combus- 


The  constituents  of  each  of  these  classes  of  fuels  vary 
widely  in  proportions,  according  to  manufacture  or  mine, 
except  those  of  oil.  In  the  various  fuel  oils,  whether  dis- 
tillates or  crudes,  the  percentages  of  carbon  and  hydru,L;iu 
are  remarkably  similar,  being  between  82.5  and  85  \<rv 
cent.  C,  and  between  12  and  15  per  cent.  Hj.  The  prod- 
ucts from  the  complete  combustion  of  oils  will  there- 
fore be  in  all  cases  nearly  those  shown  by  the  curves  for 
oil  combustion.  With  the  other  fuels,  however,  the  pro- 
portions of  the  products  will  vary  somewhat  according 
to  the  differences  in  the  particular  fuel  analysis  from 
those  assumed  for  the  curves. 

The  products  of  actual  combustion  will  differ  from  the 
results  shown  by  the  curves  if  there  is  incomplete  com- 
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Fig.  1.   Products  of  Combustion  from  Gases 


^1.00  1.26  I.BO  1.76  2.00  2.25  2.5 

Excess  Coefficient  p^.^^^ 

Fig.  2.   Products  of  Combustion  from  Oils  and  Coal 


tion  of  representative  oils  and  gases  using  various  amounts 
of  air.  Curves  for  carbon,  anthracite  and  bituminous 
coal  are  included  for  comparison.  The  percentages  of 
CO,,,  0,  and  'S.^  are  shown  vertically;  and  horizontally, 
the  ratio  of  air  used  to  that  theoretically  required  for 
complete  combustion,  that  is,  the  "excess  coefficient." 

The   chemical   analyses   of   the   assumed   fuels  are   as 
follows : 

Gas,  Per  Cent,  by  Coal,  Per  Cent. 

Volume  OiJ,  Per  by  Weight 

Pro-        Ilium-  Cent,  by  Anthra-    Bitum- 

ducer      inating  Weight  cite         incus 


Carbon  monoxide,  CO .... 

Carbon,  C 

Hydrogen,  Hj 

Marsh  gas,  CH^ 

defiant  gas,  CjHi 

Benzol,  C.H, 

Oxygen,  O^ 

Carbon  dioxide,  COa 

Nitrogen,  Na 

Impurities,  SOj,  HjS,  etc.. 


25 


15 


bustion.  Carbon  monoxide  in  the  exhaust  will  lower  the 
percentages  of  the  other  gases,  and  unburned  hydrocar- 
bons will  appear  as  nitrogen  and  lower  the  percentages 
of  the  other  products.  Since  the  products  of  incomplete 
combustion  in  good  practice  are  small,  their  effect  to 
change  the  theoretical  relations  is  not  large. 

In  many  cases  it  is  of  value  to  plot  curves  similar  to 
those  shown,  assuming  an  average  value  of  the  fuel  analy- 
sis. These  curves  furnish  a  ready  check  upon  the  efficiency 
of  combustion  in  connection  with  actual  exhaust-gas  an- 
alyses, and  also  check  the  accuracy  of  the  exhaust-gas 
analyses  since  any  marked  variation  of  the  results  from 
the  proportions  shown  by  the  curves  would  indicate  er- 
ror. 

For  this  purpose,  the  following  formulas  may  be  used 
for  the  combustion  of  oils  and  coals.  These  neglect  the 
effects  of  the  nitrogen,  oxygen  and  sulphur  in  the  fuels 
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as  they  are  of  small  amounts  and  do  not  swell  the  prod- 
ucts of  combustion  matei'ially  :     Let 

C  =  Percentage  by  weight  of  carbon  in  the  fuel ; 

H  =  Percentage  by  weight  of  hydrogen  ia  the  fuel ; 

X  =  Excess  coefficient. 
Then,  in  the  exhaust  gas, 

Per  cent.  CO,  =  ^   ,    ,.  „,  ^^    ,,,,,   ,    .,  rr.  X  100 


Per  cent.  0„  = 


0  +  (4.75  X—  1)(6'+  3  if) 
(X  — l)(^  +  3^) 


X  100 


C  +  (4.75  X  —  1)(C'  +  3I£) 

Per  cent.  N,  =  100  —  %  CO.  —  %  0, 
To  get  the  products  of  combustion  to  be  expected  from 
gas  fuels,  knowing  the  volume  analyses,  one  must  first 
calculate  the  quantities  referred  to  below  as  c,  A  and  T. 
Letting  %  CO,  %  H,,  etc.,  stand  for  the  percentages  of 
the  fuel-gas  constituents,  as  shown  by  the  fuel-gas  an- 
alysis, 

c  =  %  CO  -f-  %  CH,  -f-  2  X  %  0,11,  +  6  X 

%  CeHo  +  %  CO3 

A  =  0.5  X  (%  CO  +  %-H.,)  +  2  X  %  CH,  +  3  X 

•    %  C,H,  +  7.5  X  %  C,He  —  %  0, 

T  =  c+  (4.75  Z  —  1)  X  4  +  %  N, 

Then,  in  the  exhaust  gas 

Per  cent.  00^  =  4  X  100 


Per  cent.  C,  = 


(X  —  1)  X  A 
T 


X  100 


Per  cent.  N^  =  100  —  %  CO,  —  %  0^ 
As  an  example  of  the  use  of  these  formulas,  take  the 
illuminating  gas  tabulated  above,  and  assume  50  per  cent, 
excess  of  air,  that  is,  X  =  1.5. 

c=15-f25-|-2X3-f6X3  +  4  =  62 
A  =  0.5.x   (15  +  45)  +  2  X  25  +  3  X  3  + 

7.5   X  2  —  1  =  103 
r  =  62  -f  (4.75  X  1-5  —  1)  X  103  +  5  =  698 
from  which  the  products  of  combustion  are 

Per  cent.  00^  =  ^  X  ^''^^  =  ^-^ 


Per  cent.  0,  = 


(1.5  —  1)  X  103 
698 


X  100  =  7.4 


Per  cent.  ^2  =  100  —  8.9  —  7.4  =  83.7 
Using  the  curves  for  a  fuel  in  actual  use,  the  amount 
of  air  consumed  may  readily  be  obtained  from  them  if  the 
percentage  of  CO,  is  found  by  exhaust-gas  analysis.  This 
is  done  by  finding  the  value  of  the  excess  coefficient  cor- 
responding to  the  percentage  of  CO,  from  the  curve,  and 
,   multiplying  the  excess  coefficient  so  found  by  the  amount 
I   of   air  theoretically   required   for  the   complete   combus- 
tion of  1  lb.  or  1  cu.ft.  of  the  fuel.     This  last  quantity 
may  be  found  from  the  following  formulas,  using  the 
same  notation  as  before. 

For  oils   and   coal,   the  pounds   of   air   required   per 
.  pound  of  fuel  =  0.116  C  +  0.348  H. 

For  gases,  the  cubic  feet  of  air  required  per  cubic 

foot  of  fuel  =  ^. 

When  oil  is  burned  under  furnaces  with  air  under  pres- 
sure, very  little  excess  air  is  needed  for  complete  com- 
bustion. In  internal-combustion  engines,  however,  it  is 
generally  better  practice  to  use  dilute  mixtures  yielding 
low  percentages  of  CO,. 


A  Steam-Gas  Power  System 


H.  Ray,  assisted  by  C.  J.  Smith,  both  of  Toledo,  gave 
an  illustrated  lecture  on  the  above  subject  before  Illinois 
Association  No.  1,  Chicago,  of  the  National  Association 
of  Stationary  Engineers  on  Oct.  15.  The  apparatus  de- 
scribed consists  of  a  boiler  and  engine,  of  special  design. 

The  boiler  is  cylindrical  iu  external  form,  upright  in 
position  and  contains  three  sets  of  horizontal  tubes  or 
conduits.  The  tubes  of  any  set  are  connected  with  each 
other  in  series  by  vertical  lengths  of  the  same  diameter. 
The  sets  are  arranged  in  vertical  rows,  the  main  set,  com- 
municating with  the  furnace,  being  in  the  middle. 

The  fuel  employed  is  crude  oil  or  any  of  its  distillates. 
The  furnace  is  located  in  the  upper  part  of  the  shell  with 
its  top  just  below  the  water  line  in  the  boiler.  The  gases 
of  combustion  pass  upward  through  a  few  horizontal 
lengths  of  fire  tubes  surrounded  by  steam,  thence  down- 
ward through  the  balance  of  the  tubes,  surrounded  by 
water  and  out  to  the  atmosphere  at  the  bottom.  Forced 
draft  is  employed  in  supplying  air  to  the  furnaces.  In 
starting  up  with  a  cold  boiler  the  gases  of  combustion  are 
short-circuited  through  a  conduit  to  a  stack  above  the 
water.  A  conduit  or  retort,  in  the  furnace,  through  which 
the  oil  is  first  passed,  serves  to  vaporize  and  preheat  the 
fuel  before  it  is  fed  to  the  furnace. 

The  superheated  steam  yielded  by  the  boiler  is  utilized 
in  the  crank  end  of  a  combination  steam-gas  engine.  In 
the  head  end  some  of  the  oil  volatilized  in  the  furnace 
retort  is  used  in  the  same  way  as  in  a  four-stroke-cycle 
gas  engine.  The  head  end  of  the  cylinder  is  jacketed 
and  the  water  circulated  therein  is  drawn  from  the  lower 
portion  of  the  boiler  where  the  temperature  is  the  lowest 
and  discharged  back  to  the  boiler  at  a  point  where  the 
temperature  in  the  boiler  corresponds  with  the  tempera- 
ture of  the  jacket  discharge. 

The  exhaust  from  the  gas  end  of  the  cylinder  is  passed 
through  two  sets  of  tubes  which  commence  at  the  very 
top  of  the  boiler  and  extend  to  the  bottom  in  horizontal 
layers,  passing  first  through  the  steam  space  and  then 
through  the  water  space.  It  is  claimed  that  thus  the 
gases  first  supply  heat  for  superheating  the  steam  and 
later  help  to  heat  the  cool  water  below.  The  exhaust 
from  the  steam  end  of  the  cylinder  is  discharged  into  the 
same  set  of  tubes  as  the  exhaust  gas  and  commingle 
therewith.  The  exhaust  steam,  however,  instead  of  being 
admitted  at  the  top  of  the  tubes,  is  admitted  at  a  point 
lower  down  where  the  temperature  of  the  water  surround- 
ing the  tubes  is  about  212  deg.  The  mingled  exhaust  gas 
and  steam  are  discharged  into  a  tank  below  the  boiler 
and  the  steam,  now  condensed,  is  recovered  for  boiler- 
feed  purposes  while  the  gases  escape  through  a  vent. 

The  lecturers  stated  that  a  100-hp.  experimental  unit 
showed  a  thermal  efficiency  of  60  per  cent.  No  units  have 
been  built  as  yet  for  commercial  use. 

Two  new  fuel  ships,  the  "Kanawha"  and  the  "Maumee," 
are  now  under  construction  for  the  United  States  Navy.  The 
former  wiU  have  two,  three-cylinder  triple-expansion  engines 
of  2600  hp.  each  and  is  being  constructed  at  a  private  yard. 
The  latter,  however,  will  be  propelled  by  two  Nurnberg  Diesel 
engines  of  appi'oximately  the  same  power  as"  the  steam  en- 
gines in  the  sister  ship.  Although  the  hull  of  the  Maumee 
will  be  constructed  at  the  Mare  Island  Navy  Yard  the  engines 
will  be  built  at  the  Brooklyn  Navy  Yard  from  plans  pur- 
chased  abroad,   and   will   be   shipped   to   the   Pacific  coast. 

These  two  ships  will  afford  an  excellent  opportunity  for 
determining  the  relative  merits  of  oil  and  steam  engines 
under   like    conditions. 
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Thermal-Testing  Plant  of  Pennsylvania 
State  College* 

By  J.  A.  MoYERJ 

Less  than  a  year  ago  the  Pennsylvania  State  College 
established  and  equipped  the  largest  and  most  elaborate 
thermal-testing  plant  in  America,  and  during  the  short 
time  the  plant  has  been  operating  some  interesting  re- 
sults have  been  obtained. 

Every  effort  has  been  made  to  eliminate  the  difficulties 
usually  encountered  in  testing  materials  to  determine  the 
rate  of  heat  transmission.  The  calorimeter  is  roomy,  so 
that  large  samples  can  be  tested.  The  means  are  also 
available  for  measuring  and  varying  the  velocity  of  the 
air,  and  by  means  of  accurate  and  delicate  platinum  re- 
sistance thermometers  located  in  the  calorimeter  room,  at 
the  inside  and  outside  walls  of  the  material  being  tested, 
as  well  as  on  the  surface  and  imbedded  at  various  dis- 
tances in  the  body  of  the  material,  it  is  believed  very  ac- 
curate determinations  can  be  made. 

The  plant  consists  of  two  separate  brick  buildings. 
One  building  is  50x18  ft.  and  is  used  to  house  a  com- 
plete 10-ton  experimental  refrigerating  plant;  the  other 
building,  which  is  the  testing  plant  proper,  is  32x32  ft. 
on  the  outside,  and  contains  the  calorimeter  room  which 
is  17x17  ft.  This  room  is  cooled  to  low  temperatures  by 
a  number  of  rows  of  brine  coils  encircling  the  room.  Cold 
brine  is  supplied  from  the  refrigerating  plant  in  the  ad- 
jacent building  through  2-in.  heavily  insulated  pipes. 
Each  of  the  materials  to  be  tested  is  made  up  into  a 
cubical  box  of  approximately  150  sq.ft.  of  outside  sur- 
face; and  this  box  is  then  suspended  in  the  calorimeter 
room  for  testing.  An  electric  fan  and  an  electric-heating 
coil  are  placed  inside  the  box  for  producing  the  required 
uniformly  distributed  temperature  difference  between  the 
inside  and  the  outside  of  the  box. 

By  this  method  tests  can  be  made  for  a  great  range  of 
temperature  differences.  Absolutely  constant  and  uni- 
form temperatures  can  be  maintained  for  an  indefinite 
period  of  time,  and  the  heat  put  into  the  box  per  unit  of 
time  is  measured  by  accurately  calibrated  voltmeters  and 
ammeters  on  both  the  coil  and  the  fan  circuits.  Direct 
current  is  used.  Twenty  platinum  resistance  thermom- 
eters are  available  for  measuring  the  temperatures,  in- 
side and  outside  the  testbox  as  well  as  in  its  walls.  Cylin- 
drical platinum  coils  are  used  for  measuring  the  tempera- 
tures in  all  places  except  on  the  surfaces  of  the  material, 
where  thin  platinum  resistance  disks  less  than  0.03  in. 
thick  are  firmly  attached  to  the  surface  on  their  flat  sides. 
Adopting  the  method  of  the  U.  S.  Bureau  of  Standards 
the  temperatures  have  been  observed  in  each  test  in  the 
following  locations:  (1)  2  ft.  from  the  surface  of  the 
material  tested,  inside  and  outside;  (2)  1  in.  from  the 
surface,  inside  and  outside;  (3)  on  the  inside  and  out- 


side surfaces  by  absolutely  close  contact;  (-1)  at  every 
inch  of  thickness  through  the  material,  also  with  thiu 
fiat  platinum  resistances  which  can  be  accurately  located. 

Air  velocities  outside  the  testbox  were  varied  by  the 
use  of  six  variable-speed  ventilating  fans.  Some  of  the 
most  important  data  obtained  during  the  last  year  are 
presented  briefly  in  the  following: 

Table  1,  giving  the  results  of  tests  of  a  cork-board  cube, 
shows  the  effect  on  the  heat  transmission  of  varying  tlie 
air  velocity  over  the  outside  of  the  surface  of  the  box. 

TABLE  1.     VARIATION  OF  HEAT  TRANSMISSION  WITH 
AIR  VELOCITY 

B.t.u.  per  Sq.Ft.  per  Deg.  F.  Di£f. 
per  Hr. 
0  130 


Air  Velocity  Ft.  per  Min. 
222 
298 
437 
800 


0  133 
0  137 
0  159 
0  169 
0.170 
0.170 
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These  data  show  that  the  transmission  is  increased 
about  34  per  cent,  as  the  velocity  of  the  air  is  varied  from 
222  ft.  per  min.  to  905  ft.  per  min.,  or  the  transmission 
is  changed  5  per  cent,  per  100  ft.  per  min.  change  in 
velocity.  In  all  these  tests  the  velocity  of  the  air  inside 
the  box  was  approximately  200  ft.  per  min.  Velocities 
were  measured  with  a  carefully  calibrated  anemometer. 

Tests  made  to  show  the  change  of  transmission  with 
variation  in  humidity  showed  the  results  given  in  Table  2. 

TABLE  2.       VARI.\TION  OF  HEAT  TRANSMISSION  WITH  HUMIDITY 
Relative  Humidity  Per  Cent        B.t.u.  per  Sq.Ft.  per  Deg.  F.  Diff.  per  Hr. 
70  0.170 

76  0  171 

84  0.173 

90  0  174 

By  increasing  the  humidity  from  70  to  90  per  cent,  the 
transmission  is  increased  2.-1  per  cent.,  which  is  equiva- 
lent to  a  change  of  1.2  per  cent,  in  transmission  for  a 
variation  of  10  per  cent,  in  humidity.  Velocity  of  the  air 
outside  the  box  was  900  ft.  per  min. 

The  most  remarkable  effect  of  velocity  on  heat  trans- 
mission is  shown  by  the  data  in  Table  3,  for  the  tempera- 
ture drop  in  passing  from  the  interior  of  the  cork-board 
box  to  the  outside.  The  cork-board  was  3  in.  thick.  The 
data  represents  the  average  of  six  consistent  tests,  some 
of  which  were  continued  for  20  hr.  The  velocity  of  the 
air  inside  the  box  was  200  ft.  per  min.  and  that  outside 
was  950  ft.  per  min.  in  one  case  and  practically  zero  iu 
the  other. 

The  effect  of  air  velocity  on  the  temperature  gradient 
within  the  cork-board  walls  is  remarkable,  and  every  pre- 
caution has  consequently  been  taken  to  check  the  results. 
About  25  different  tests  have  been  made  on  the  cork-board 
and  also  on  cubes  of  other  building  materials,  and  the 
same  general  effect  has  been  observed.  In  the  case  of  a 
single  thickness  of  glass,  the  temperatures  on  the  inside 
and  outside  surfaces  are  practically  the  same  for  a  total 
temperature  difference  of  55  deg.  F.,  showing  that  the 
glass  itself  has  practically  no  heat-insulating  properties. 
With  practically  "still  air"  outside  the  glass  box  and  with 
this  total  range,  there  is  a  difference  of  28  deg.  between 
the    temperature    of   the   surface    and    the   temperature 
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TABLE  3.     VAIUATIQN  OF  HEAT  TRANSMISSION  THROUGH  3-IN. 
CORK-BOARD 

Air  Velocity  Practically  Still 

600  Ft.  per  Min.  Air 

Reading  of      Temp.  Reading  of      Temp. 

Locations  of  Thermometers.            Ther.             Diff.  Ther.             Diff. 

1.  Air  inside  box* 117.5  117.8 

2.  Air  1  in.  from  inside  surface,  .  ,      11(>5                1.0  1170               0  8 

3.  Inside  surface  of  cork-board    ,      113,5                 3  0  IHO                3  0 

4.  Temperature  in  cork-board  1  in. 

from  inside  surface Sfi  5              27,0  94,0              20  0 

5.  Temperature  of  cork-board  1  in. 

from  outside  surface 57  0              29 ,  5  66 . 5              27 ,  5 

6.  Outside  surface  of  cork-board..        48,0                9,0  51,5               15  0 

7.  Air  1  in.  from  outside  surface    ,        47 , 5               0,5  47  5               40 
S.     Air  outside  box* 46,5                1,0  46,5                1,0 

*  Thermometer  located  2  ft.  from  cork-hoard  wall. 

registered  by  a  thermometer  located  at  a  distance  of  1  in. 
from  the  surface.  On  the  other  hand,  with  a  velocity  of 
600  ft.  per  min.,  this  difference  is  10  deg. ;  and  with  a 
velocity  of  950  ft.  per  min.,  the  difference  is  only  7  deg. 
Ill  view  of  this  great  variation  hetween  the  temperature 
at  tlie  surface  and  the  temperature  registered  by  a  ther- 
mometer located  close  to  the  surface,  it  seems  to  be  nec- 
essary that  a  definite  standard  location  be  adopted  for 
measuring  the  temperature  difference  in  heat-transmis- 
.sioii  tests  and  calculations.  Since  only  specially  designed 
and  expensive  thermometers  are  adaptable  for  measuring 
surface  temperatures,  the  location  recommended  by  the 
V.  S.  Bureau  of  Standards;  that  is,  at  1  in.  from  the 
surface,   should  be  generally  acceptable. 

Table  4  gives  a  numlier  of  values  of  heat  transmission 
as  determined  in  the  plant  described.  The  temperatures 
were  observed  at  1  in.  from  the  inside  and  outside  walls, 
and  the  velocities  were  in  all  cases  about  200  ft.  per  min. 
Humidity  was  about  80  per  cent. 

TABLE  4.     UNIT  HEAT  TRANSMISSION  FOR    VARIOUS    MATERIALS 
B.t.u.  transmission  per  sq.ft.  per  hr.  per  deg.  F.,  difference  in  temperature  of  air 

1-in.  common  brick 4,66 

One  4-in.  hollow  tile 0,  625 

1-in.  concrete  (1-3-5  mix.) 4  ,  29 

3  in.  lumber  (t  and  g) 0,83 

One  air  space  (from  1  in.  to  6  in.) ...  ■. 1 .  66 

1-in.  mineral  wool  (dry) 0 .  666 

1-in.  building  paper 0 .  30 

1-in.  pitch 0,79 

1-in.  shavings  (dry) 0 ,  666 

1-in.  granulated  cork 0 .  479 

1-in.  hair  felt 0.31 

1-in.  indurated  fiber  board 0,416 

1-in.  compressed  mineral  wood  board 0 ,  33 

Single  window  (all  glass) 1.09 


Present  Status  of  the  Refrigerating 
Industry  in  America* 

By  S.  S.  Van  Der  VaarT 
In  a  glance  at  the  present  status  of  the  refrigerating 
industry  in  America,  one  is  struck  by  two  points  of  salient 
interest  to  those  engaged  in  industries  utilizing  artificial 
Tefrigeration.  One  is  the  gradual,  and  during  the  past 
few  years,  tapid  extension  of  the  ice-manufacturing  in- 
dustry northward  into  the  domain  heretofore  thought  to 
be  the  prerogative  of  natural  ice,  so  that  today  great  ice- 
manufacturing  establishments  are  being  erected  in  Port- 
land, Maine ;  Boston,  Mass. ;  and  in  Montreal,  Toronto, 
Winnipeg,  Calgary  and  other  cities  in  Canada.  In  New 
York  City,  where  in  1904  less  than  20  per  cent,  of  the 
total  amount  of  ice  consumed  was  manufactured  ice,  by 
1913  the  ice  machines  furnished  practically  65  per  cent., 
and  when  plants  now  under  construction  or  planned  for 
erection  during  the  coming  winter,  are  completed,  the 
proportion  will  be  nearer  75  per  cent,  manufactured  to 
25  per  cent,  natural  ice.  In  cities  like  Dubuque  and 
Sioux  City,  Iowa,  and  Minneapolis  and  St.  Paul,  Minn., 
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where  natural  ice  is  abundant,  easily  obtained  and  cheap, 
ice-making  plants  have  been  or  are  being  erected. 

In  regard  to  the  opening  of  new  fields  for  the  use  of , 
refrigerating  machinery,  it  is  only  necessary  to  point 
out  tlie  use  of  refrigerating  machinery  m  the  laundry  to 
cool  the  starched  collars  and  cuffs  after  leaving  the  mangle 
and  before  they  are  passed  through  the  sliaper.  Another 
instance  of  new  use  for  refrigerating  machinery  is  found 
in  the  mining  and  metallurgical  industries.  In  the 
process  of  treating  ores  with  chlorine  gas  on  a  large  scale, 
the  recovery  and  condensation  or  liquefaction  of  the 
chlorine  becomes  essential.  The  liquefaction  of  chlorine 
gas  at  atmospheric  pressure  takes  place  at  —89  deg.  F., 
and  the  recent  installation  of  a  refrigerating  plant  capable 
of  liquefying  850  lb.  of  chlorine  gas  per  hour  is  reported 
from  a  Western  mining  iield.  Again,  it  was  found  that 
with  the  aid  of  refrigeration  it  is  possible  to  extract  gaso- 
line from  natural  gas.  In  the  paper-making  industry 
refrigerating  apparatus  is  being  used  to  some  extent  to 
control  temperatures  during  the  treatment  of  the  pulp 
and  in  such  operations  as  the  manufacture  of  wax  paper 
from  plain  tissue  paper. 

The  use  of  refrigerating  machinery  in  testing  delicate 
machinery,  such  as  automobile  parts,  gasoline  motors,  or 
complete  motor  cars,  has  been  tried  recently  with  valu- 
able results.  A  room  is  provided  where  temperatures  of 
zero  Fahrenheit  or  below  can  readily  be  maintained  and 
here  the  performance  of  the  machine  is  tested  under  the 
equivalent  of  winter  conditions  and  with  different  grades 
and  kinds  of  fuel  in  order  to  determine  beforehand  what 
particular  combination  produces  the  greatest  efficiency. 

An  interesting  extension  of  existing  fields  is  in  the 
preservation  of  the  delicate  ferns  that  grow  in  great 
abundance  in  the  forests  of  Massachusetts,  New  Hamp- 
shire and  Vermont  and  are  in  great  demand  in  the  East- 
ern cities  for  decorative  purposes  during  the  holiday  sea- 
son. In  a  New  York  zoological  park,  refrigeration  is 
used  to  retard  the  opening  of  cocoons  of  rare  and  beauti- 
ful insects  and  moths,  so  that  their  short-lived  beauty 
may  be  shown  in  the  parks  throughout  the  entire  summer 
season. 

Befrigeration  is  found  to  be  advantageously  applied 
in  the  preservation  of  seeds,  such  as  apple  and  other  fruit 
seeds,  including  also  seed  potatoes  and  grains.  The 
fruit  seeds  are  frozen  and  held  at  freezing  temperatures, 
and  seed  potatoes  and  grains  at  temperatures  just  above 
the  freezing  point  of  water.  The  freezing  of  fresh,  ripe 
berries  and  also  cherries,  and  holding  them  in  the  frozen 
state  until  ready  for  use,  is  an  application  recently  intro- 
duced and  used  by  bakers  and  others. 

Among  other  new  applications  of  refrigeration  is  its 
use  in  the  shipment  of  date-palm  shoots  or  cuttings,  also 
its  use  for  curing  or  preventing  tropical  diseases  and  in 
some  cases  apparently  curing  the  distressing  affliction 
known  as  "hay  fever." 

In  the  field  of  invention,  the  development  of  the  so 
called  "flooded  freezing  system,"  or  gravity  feed  of  liquid 
refrigerant  through  the  freezing  coils  in  ice  tanks,  has 
reached  quite  general  application.  The  removal  of  coils 
in  the  freezing  tanks  and  the  substitution  of  a  brine  coolci- 
laid  in  one  end  of  the  tank  through  which  all  brine  is 
circulated,  is  another  recent  development.  The  several 
systems  of  producing  clear  crystal  ice  from  raw,  or  un- 
distilled,  water  have  reached  practical  development,  and 


686 


P  0  W  E  E 


Vol.  38,  No.  20 


a  number  of  raw-water  ice-making  plants  are  now  in 
operation  or  being  installed.  Eecent  improvements  in 
construction  of  ammonia  condensers  have  resulted  in  con- 
siderably greater  efficiency  of  this  important  portion  of 
the  refrigerating  plant. 

A  brief  survey  of  the  development  of  the  refrigerating 
industry  in  America  will  give  some  idea  of  its  magnitude 
at  the  present  time.  It  may  be  added  that  refrigeration 
is  today  still  at  its  high-water  mark  of  growth  and  ex- 
tension. The  latest  available  authentic  statistics  indicate 
that  there  are  about  3500  ice-manufacturing  establish- 
ments in  the  United  States,  equipped  with  machinery 
capable  of  producing  between  18,000,000  and  20,000,000 
tons  of  ice  annually.  The  latest  census  reports  gave  the 
number  of  ice  factories  as  2004  in  1910,  but  this  covers 
only  those  engaged  primarily  in  ice  making.  There  are 
many  meat  packers,  brewers  and  others  engaged  primarily 
in  other  lines  that  also  operate  ice-making  plants — some 
of  these  of  very  large  capacity — which  partly  accounts 
for  the  wide  discrepancy  between  the  census  report  and 
the  facts  as  they  exist.  The  capital  invested  in  the  ice- 
making  industry  proper  is  estimated  at  not  less  than 
$150,000,000. 

Colcl  storage  includes  so  wide  a  field  that  it  is  difficult 
to  estimate  .even  the  number  of  places  where  cold  storage 
on  a  large  or  small  scale  is  carried  on,  for  at  least  2000 
meat  markets  have  cold-storage  rooms  cooled  with  re- 
frigerating machinery;  about  1100  creameries,  dairies 
and  cheese  factories  are  so  equipped ;  about  350  ice-cream 
factories  and  about  350  produce  dealers  have  cold-storage 
rooms  equipped  with  refrigerating  machinery.  Again,  in 
the  fruit  industry  there  are  many  hundreds  of  small  cold- 
storage  establishments  scattered  throughout  the  country, 
where  fruit  is  held  for  short  or  long  periods  under  re- 
frigeration, and  adding  to  all  these  between  800  and  900 
commercial  cold-storage  warehouses,  varying  in  capacity 
from  25,000  cu.ft.  to  11,250,000  cu.ft.  capacity,  which 
is  the  capacity  of  the  largest  single  cold-storage  house  in 
America,  and  some  idea  is  gained  of  the  vast  extent  of 
cold  storage  at  its  present  state  of  development. 

A  list  of  the  principal  users  of  refrigerating  machinery 
in  the  United  States  would  include  the  following:  3500 
ice-making  plants,  1300  breweries,  600  packing  houses 
and  abattoirs,  2000  meat  markets,  1100  creameries, 
dairies  and  cheese  factories,  700  hotels,  1000  fruit-storage 
houses,  350  produce  commission  houses,  320  office  and 
public  buildings,  300  provision  dealers,  300  liquor  stores, 
300  hospitals,  300  candy  makers  and  confectioners,  250 
restaurants,  250  schools  and  colleges,  200  groceries,  160 
apartment  houses  and  residences,  150  fish-freezing  and 
storage  houses,  150  oil  and  lard  refineries,  100  carbon- 
ated beverage  manufacturers,  100  bakeries,  100  club 
houses,  50  fur-storage  establishments,  50  florists,  50  labor- 
atories, 40  manufacturers  of  explosives,  30  army  posts, 
30  mineral-water  bottlers,  20  bleachers  and  dyers,  20  glue 
factories,  18  photo-material  manufacturers,  15  textile 
works,  15  soap  factories,  13  electrical-instrument  manu- 
facturers, 10  sugar  refineries  and  5  manufacturers  of  am- 
monia. 

Besides,  numerous  refrigerating  installations  are  used 
in  mercerizing  works,  silk  and  woolen  mills,  in  the  manu- 
facture of  perfumery,  celluloid,  isinglass,  flavoring  ex- 
tracts, candles,  glass,  acetylene  gas,  vinegar,  wine,  snufP, 
tobacco,  leather,  cutlery,  agricultural  implements,  optical 


instruments,  temperature-measuring  instruments,  liquid 
air,  etc. ;  for  shaft  sinking  and  tunneling ;  for  recovery 
of  alcohol  and  ethers;  for  prolonging  animal  hibernation; 
for  retarding  plant  growth;  for  cooling  air  in  hotels, 
restaurants,  stores,  factories  and  residences,  and  for 
numerous  other  uses. 

The  total  number  of  refrigerating  machines  in  actual 
use  in  the  United  States  is  estimated  at  about  20,000. 
The  capital  invested  in  construction  of  machinery  for 
refrigeration  is  estimated  at  at  least  $50,000,000.  The 
capital  invested  in  industries  depending  wholly  or  largely 
upon  the  aid  of  the  refrigerating  machine  is  estimated 
at  more  than  $1,000,000,000. 


Direction  of  Flow  in  Brine  Cooler 

At  the  plant  that  I  have  charge  of  there  are  two  ex- 
haust-steam machines  of  the  absorption  type  for  cooling 
cold-storage  rooms.  They  are  of  15-  and  25-ton  capacity 
respectively.  I  think  the  coolers  are  piped  wrong  and 
would  like  to  hear  what  some  of  the  readers  think  about 
it.     We  use  calcium  brine,  and  both  brine  and  ammonia 


Brine  Outlet 


Vapor  Outlet     Brine  Inlet 


Fig.  1  Fig.  2 

enter  the  bottom  of  the  cooler  and  leave  at  the  top.  This 
is  shown  in  Fig.  1.  I  would  naturally  think  that  the 
warm  brine  ought  to  enter  the  top  where  the  ammonia 
is  warm  and  leave  at  the  bottom  where  the  ammonia  is 
the  coolest,  as  shown  in  Fig.  2. 

We  have  a  great  deal  of  trouble  in  making  the  cooler 
boil  off  enough  gas  to  get  the  capacity  of  the  machine. 
I  think  if  the  current  of  brine  were  changed  so  that  it 
would  flow  in  a  direction  opposite  from  the  ammonia,  it 
would  give  the  cooler  a  greater  capacity. 

Another  point  that  I  wish  to  inquire  about  is  this :  We 
have  only  one  circulation  of  brine  for  cooling  the  ware- 
house. We  have  two  brine  pumps,  but  they  both  pump 
to  either  cooler.  Would  it  be  better  if  they  were  piped 
to  the  separate  coolers  so  that  one  pump  could  be  used 
on  one  machine  and  the  other  pump  for  the  other  ma- 
chine ?  When  both  machines  are  running  we  have  a  great 
deal  of  trouble  dividing  the  work  properly  between  them, 
because  the  brine  going  to  each  cooler  cannot  be  divided 
properly. 

H.  E.  Hooper. 

Pittsfield,  Mass. 


November  11,  1913 
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Power-Plant  Depreciation 

A  power  plant  uses  up  engines  as  well  as  coal  and  oil. 
If  an  engine  costs  twenty-thousand  dollars  and  lasts 
twenty  years,  the  plant  has  used  up,  on  an  average,  one 
thousand  dollars  worth  of  engines  a  year,  and  this  must 
be  taken  into  account  in  making  up  the  cost  of  power 
just  as  certainly  as  the  cost  of  the  coal,  labor,  repairs,  etc., 
for  which  money  is  actually  paid  out  each  year. 

It  is  usual  to  charge  the  plant  with  a  certain  percent- 
age of  "depreciation,"  diminution  of  value  used-up- 
itiveness  each  year.  A  common  figure  is  five  per  cent., 
which  assumes  that  the  plant  would  need  to  be  entirely 
renewed  in  twenty  years. 

Charles  M.  Eipley  has  collected  some  data  bearing 
upon  the  life  of  plants  in  and  about  New  York.  He 
furnishes  a  list  of  plants  of  which  one  has  been  running 
thirty  years;  two,  twenty-nine  years;  two,  twenty-five 
years;  two,  twenty-three  years;  five,  twenty-two  years; 
two,  twenty-one  years;  one,  twenty  years;  six,  nineteen 
years,  etc.  An  increasing  number  can  naturally  be  found 
for  the  shorter  ages.  Most  of  the  plants  enumerated  were 
put  in  by  Pattison  Brothers,  a  firm  of  consulting  engi- 
neers, with  which  Mr.  Eipley  is  identified. 

The  significant  point  is  that  these  plants,  even  the 
oldest  of  them,  are  running  along  nicely,  and  there  seems 
to  be  no  good  reason  why  any  or  all  of  them  may  not  be 
in  active  and  efficient  service  after  a  number  of'  more 
years  of  use. 

Any  attempt  to  boost  depreciation  above  five  per  cent. 
in  an  effort  to  show  high  cost  of  production  is  not  justi- 
fied for  a  plant  which  will  have  ordinarily  good  care. 


The  Smoke  Evil 

Experts  figure  that  Pittsburgh's  yearly  soot  emissions 
would  make  a  pile  one  hundred  feet  in  diameter  and  six 
hundred  feet  high  or  larger  than  the  Washington  monu- 
ment. The  money  waste  and  damage  are  estimated  at 
twelve  million  dollars  yearly.  Sample  tests  made  some 
time  ago  in  Chicago  of  the  cost  of  the  smoke  nuisance 
in  that  city  showed  that  the  smudge  bill  exceeded  the 
tax  bill  which  was  about  forty  million  dollars  a  year,  and 
the  cost  of  smoke  in  other  cities  is  fully  as  great  in  pro- 
])ortion  to  the  size  of  the  city.  This  includes  only  the 
injury  to  property.  Doctors  will  tell  you  that  is  the 
least  damage.  They  will  point  out  how  the  smoke  gets 
into  the  throat  and  lungs,  and  injures  the  health,  caus- 
ing chronic  ailments  which  diminish  the  happiness  and 
shorten  the  life  of  those  who  are  not  responsible  for 
the  smoke  evil. 

The  old  saying  is,  "Much  smoke  much  business" — 
and  we  need  the  business.  But  the  progressive  engineer 
of  today  will  tell  you  that  most  smoke  can  be  avoided. 
It  indicates  incomplete  combustion  which  means  waste 
of  coal,  extra  expense  in  labor  and  equipment,  damage 
to  property,  sickness  and  loss  of  life.     Experts  say  busi- 


ness can  be  done  as  well  without  smoke  and  point  out 
some  of  the  uptodate  plants  and  cities  as  proof  that  it 
is  unnecessary  to  make  smoke. 

In  many  eases  it  is  cheaper  to  let  the  boilers  smoke 
than  it  is  to  take  measures  to  prevent  it.  Then  comes 
the  question:  How  can  it  b.e  done,  and  what  will  it 
cost?  There  are  many  ways  to  abate  smoke  not  all  of 
which  will  work  in  every  case,  but  some  of  them  at 
least  can  be  made  to  work  in  every  plant.  And  in  many 
cases  the  saving  in  the  amount  of  coal  consumed  will 
pay  for  the  installation  of  a  good  system. 

Using  anthracite  and  semi-anthracite  coals  will  reduce 
the  amount  of  smoke  made  as  they  contain  a  lower  per- 
centage of  volatile  matter,  but  the  cost  per  million  heat 
units  and  the  trouble  in  getting  them  are  too  great  in 
many  localities.  Bituminous  coal  contains  a  higher  per- 
centage of  volatile  matter  but  as  a  rule  costs  less  per 
million  heat  units  and  is  most  universally  used. 

The  first  requirement  of  a  smokeless  boiler  plant  is 
to  have  the  boilers  properly  set.  Ample  space  must  be 
given  in  the  furnace  for  complete  combustion  to  take 
place  before  the  flames  come  in  contact  with  the  com- 
paratively cold  boiler.  The  boiler  must  be  set  higher 
from  the  grates  than  formerly,  but  that  requirement 
alone  is  not  sufficient.  When  firing  by  hand  the  fire- 
man is  apt  to  throw  in  so  much  coal  at  a  time  that  the 
proper  amount  of  air  cannot  reach  the  hydrocarbons  that 
are  being  driven  off'  when  the  coal  is  first  thrown  in  to 
form  complete  combustion  and  the  result  is  smoke.  Fir- 
ing in  small  quantities  alternately,  first  one  side  and  then 
the  other,  will  help,  and  provision  should  be  made  to  ad- 
mit air  over  the  fire  while  the  hydrocarbons  are  being 
drixen  off.  Coking  the  coal  on  a  coking  plate  in  the 
front  end  and  then  pushing  it  back  over  the  grates  will 
prevent  smoke  but  makes  so  much  extra  work  that  it  is 
not  always  feasible.  The  dutch-oven  furnace  with  the 
long  combustion  arch  has  proved  successful  in  many 
cases  when  properly  handled. 

There  are  many  so  called  "smoke  consumers"  on  the 
market  which,  when  applied  to  boilers,  automatically  ad- 
mit a  certain  amount  of  air  into  the  furnace  over  the 
fire  while  the  hydrocarbons  are  being  driven  off.  This 
usually  prevents  smoke  but  sometimes  at  the  expense  of 
the  coal  pile,  as  they  are  not  always  economical. 

Mechanical  stokers  will  prevent  smoke  and  give  more 
complete  combustion  if  properly  installed  and  operated. 
Of  these  there  are  two  general  types.  The  overfeed  and 
the  underfeed.  The  overfeed  uses  the  coking  arch  prin- 
ciple, and  the  coal  as  it  is  slowly  fed  in  at  the  front  or 
side  gradually  gives  off  its  volatile  matter  which  is  ig- 
nited as  it  passes  over  the  incandescent  carbon  at  the 
rear  of  the  furnace,  and  is  completely  bu.rned.  In  the 
underfeed  type  the  fire  is  above  the  green  coal  and  the 
air  enters  at  the  bottom  where  it  mixes  with  the  hydro- 
carbons and  must  pass  directly  through  the  incandescent 
carbon  to  get  into  the  combustion  chamber ;  consequently 
combustion  is  more  nearly  complete. 
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But  with  all  of  these  improved  furnaces  the  human 
element  must  be  taken  into  consideration  for  their  suc- 
cessful operation.  The  day  has  come  when  the  fireman 
must  be  something  more  than  a  laborer.  The  most  per- 
fect smoke  consumer  or  furnace  ever  made  will  not  work 
satisfactory  if  it  is  not  properly  handled. 

The  fireman  must  understand  the  theory  of  combus- 
tion, he  must  know  how  to  control  the  admixture  of  air 
and  coal,  he  must  know  how  to  analyze  the  flue  gas  and 
how  to  interpet  this  information,  and,  when  put  in  charge 
of  a  properly  installed  boiler  plant,  must  understand  ma- 
chinery, as  well  as  know  how  to  meet  the  demands  of  the 
boilers  for  steam.  Last  but  not  least  he  must  be  given 
some  incentive  to  operate  the  plant  in  the  most  economi- 
cal manner,  and  the  greatest  of  these  inducements  are 
good  wages  and  respectable  treatment  from  the  employer. 
A  good  installation  plus  a  satisfied  operator  means  a 
smokeless  stack  and  a  small  coal  bill. 

In  some  localities  the  law  requires  boiler  plants  to  be 
operated  without  making  smoke  and  these  laws  are  being 
complied  with  to  a  greater  or  less  degree.  If  it  can  be 
done  in  one  place  there  is  no  reason  why  it  cannot  in  any 
other,  if  the  conditions  are  made  right.  It  is  the  duty 
of  the  lawmakers  to  make  these  laws  and  enforce  them 
to  prevent  poisoning  the  air  and  for  the  benefit  of  hu- 
manity, and,  it  is  the  duty  of  the  plant  owner  to  obey 
them  by  properly  installing  the  boilers  and  furnaces,  and 
compelling  those  in  charge  to  properly  operate  them,  not 
only  because  the  law  says  so,  but  to  receive  the  benefits 
of  "the  heat  units  that  are  going  to  waste  up  the  stack 
through  carelessness  and  neglect. 

We  boast  of  big  cities.     Why  not  clean  cities  as  well  ? 

Power-Plant  Foresight 

If  a  power  plant  is  ever  in  condition  to  operate  effi- 
ciently it  would  seem  it  should  be  just  after  it  has  been 
completed.  Then  everything  is  new  and  in  perfect  condi- 
tion. But,  perhaps,  after  running  smoothly  for  several 
jears,  the  efficiency  begins  to  drop.    What  is  the  reason? 

Experience  has  shown  that  it  is  sometimes  necessary 
to  make  extensive  alterations  in  a  newly  constructed 
power  plant,  because  of  faulty  design.  If  the  chief  en- 
gineer of  such  a  plant  does  not  recognize  the  necessity  of 
remedying  the  defects  when  discovered,  the  plant  stands 
to  run  at  low  efficiency. 

If  a  new  chief  engineer  assumes  charge  and  discovers 
the  necessity  of  alterations ;  the  expense  of  making  them 
is  entered  against  his  administration.  The  first  year's 
expenses  will  be  excessive,  but  later  developments  will 
probably  show  that  the  economy  of  the  plant  is  greater 
than  it  ever  could  have  been  with  the  original  layout. 

Engineers  are  as  likely  to  err  in  judgment  as  others. 
Tt  is  as  disastrous  not  to  make  desirable  alterations  as  it 
is  to  make  changes  which  are  not  instrumental  in  pro- 
ducing better  plant  economy. 

An  engineer  requires  what  might  be  called  a  sixth 
isense,  besides  the  acknowledged  five  senses.  This  extra 
sense  enables  him  to  look  into  the  future,  and  see  what 
is  going  to  be  required  in  the  line  of  future  equipment. 
Such  an  engineer  will  be  capable  of  designing  a  power 
plant  that  will  not  have  to  be  remodeled  a  few  months 
after  it  has  been  put  into  use. 

To  illustrate :  A  small  Western  city  voted  to  build  and 
operate  its  own  electric-light  plant,  and  a  very  conserva- 


tive figure  as  a  probable  cost  was  given.  No  forethought 
was  used  as  to  the  probable  growth  of  the  electrical  load, 
and  the  capacity  of  the  original  installation  was  but 
slightly  in  excess  of  the  initial  demand.  Consequently, 
in  a  few  months,  the  equipment  was  overloaded  and  plans 
had  to  be  made  for  enlarging  the  plant.  Another  boiler 
was  installed,  the  original  engine  was  discarded,  instead 
of  being  set  up  as  a  spare  unit,  a  larger  engine  put  in  and 
additional  generators  purchased. 

Here,  then,  was  a  new  plant  practically  rebuilt  shortly 
after  it  had  originally  been  put  into  service,  because 
someone  had  not  the  foresight  to  anticipate  the  prob- 
able increase  in  load  demand. 

As  a  contrast,  an  engineer  was  confronted  with  the 
problem  of  keeping  the  machinery  of  a  plant  in  operation 
while  the  walls  and  roof  of  a  new  building  were  being 
reconstructed,  the  old  building  having  burned  down. 
■  Notwithstanding  the  worry  and  anxiety  of  operating 
the  machinery,  there  was  the  necessity  of  planning  the 
interior  of  the  plant,  so  that  when  future  installations 
were  put  in  the  equipment  would  be  arranged  sym- 
metrically, and  of  sufficient  capacity  to  take  care  of  the 
load  for  years  to  come,  by  which  time  the  apparatus  would 
have  become  obsolete  and  inefficient. 

These  are  tj'pical  of  two  kinds  of  engineers,  the  one 
responsible  for  efficient  and  the  other  wasteful  power- 
pi  aut  operation.  In  one  the  faculty  for  looking  ahead 
was  highly  developed,  in  the  other  such  vision  was  totallj 
lacking.  There  are  many  of  the  latter,  and  all  too  few 
of  the  former  type  of  engineers. 

Informality  in  Public  Service  Laws 

"Simplicity  is  one  of  the  strong  features  of  the  law.  Ij 
will  not  require  a  specialist  to  construe  the  statute."  Ir 
these  words,  James  L.  Clark,  a  member  of  the  Indian? 
Public  Service  Commission,  recently  sought  to  make 
plain  that  commission's  laws  and  its  working  plan  be- 
fore the  Indianapolis  Lawyers  Club. 

To  many  who  have  followed  the  procedure  of  public- 
service  commissions,  the  simplicity  of  their  laws  hai 
been  an  unknown  quantity.  As  to  the  necessity  foi 
specialists,  it  would  seem  that  their  assistance  was  indis- 
pensable if  the  petitioner  hoped  to  gain  further  privilege 
or  perhaps,  in  a  few  instances,  evade  his  responsibilities 

It  has  been  decided,  declares  Mr.  Clark,  that  the 
Indiana  commission's  proceedings  shall  be  conducted 
without  the  usual  formality  of  the  law;  in  fact,  thai 
the  ''very  purpose  intended  to  be  accomplished  by  tht 
Indiana  law  requires  the  practice  to  be  entirely  voic 
of  technicalities." 

There  is  too  much  unnecessary  delay  in  the  work  ol 
some  of  the  service  commissions,  due  in  a  great  measure, 
to  the  extremely  formal  and  technical  composition  ol 
public  utility  laws.  Because  of  this,  counsel  are  able  tc 
quibble  or  acrimoniously  discuss  their  cases  to  the  disad- 
vantage of  public  service  and  make  justice  expensive  a1 
the  hands  of  technical  "experts." 

Laws  must  be  so  framed  as  to  properly  protect  and 
develop  the  welfare  of  the  state,  but  it  is  possible  to  ac- 
complish the  purpose  of  the  service  commission's  exist- 
ence and  still  have  the  law  fairly  free  from  technicalities 
and  simple  and  informal  in  its  interpretation.  The  wort 
of  the  Indiana  commission  will  be  watched  with  a  greal 
deal  of  interest. 
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Washout  under   Pump  Foundation 

At  a  steel  plant  where  two  duplex  coinpoiuid-pressure 
pumps  were  installed  the  connections  iu  the  discharge 
iiue  broke.  The  line  was  under  650-lb.  pressure  and  the 
water  washed  away  the  soil  underneath  the  foundation 
with  the  result  that  the  pump  settled  over  a  foot  at  the 
Water  end,  as  indicated  by  the  dotted  line. 

A  gang  of  laborers  was  put  to  work  to  excavate  and 
remove  all  loose  soil  under  the  foundation,  and  in  less 
than  a  week  the  pump  was  resting  on  a  pier  of  ties,  the 
foundation  and  pump  leveled  and  jacked  up,  and  run- 
(aing  as  usual.    The  men  had  to  dig  down  25  ft.  to  reach 


crankpin.  Eealizing  that  the  loose  pin  would  wear  the 
pin  bore  much  larger,  I  ordered  the  new  pin  large  enough 
to  tit  the  increased  size  of  the  bore. 

Two  weeks  elapsed  before  the  new  pin  arrived  and 
with  it  came  a  letter  from  the  shippers  stating  that  they 
knew  the  pin  bore  would  wear  larger  on  account  of  the 
loose  pin  and  they  had  made  the  new  pin  larger  than  the 
measurements  specified  to  allow  for  the  wear  of  the  bore. 

Imagine  the  situation !  The  new  pin  would  not  go 
more  than  half  way  into  the  bore  and  filing  it  down  was 
out  of  the  question.  I  dared  not  risk  waiting  another  two 
weeks  for  fear  the  disk  would  break. 

Beyond  the  woods  in  the  village  was  a  little  planing 
mill  which  I  knew  had  a  wood-turning  lathe.     On  this 


Ai  rrK  ill?    Washout 

solid  rock.  After  the  ties  and  later  two  concrete  piers 
to  support  the  foundation  were  in  place,  and  while  the 
pump  was  running  the  ties  were  removed  and  the  space 
filled  in  with  concrete. 

Edwin  C.  Miller 
Lakewood,  Ohio. 


Fitting  Crankpin  under  Difficulties 

Some  years  ago  I  took  charge  of  a  large  sawmill  plant 
in  the  isolated  Algoma  district  of  Canada.  Soon  after 
the  plant  was  started  the  main  engine  developed  a  start- 
ling pound.  Investigation  showed  it  to  be  in  the  crank- 
pin, which,  I  discovered,  projected  through  the  crank 
disk  and  had  a  small  pin  inserted  through  it  at  right 
angles  to  the  axis  of  the  pin.  I  drove  out  this  small  pin 
and  hit  the  crankpin  a  slight  blow  with  an  ordinary  ham- 
mer, whereupon  it  fell  out  on  the  floor. 

Here  I  was,  200  miles  from  the  nearest  machine  shop 
and  undoubtedly  as  far  from  a  machine  lathe.  The  main 
engine  was  crippled  and  it  was  the  busiest  part  of  the 
cutting  season. 

T  put  a  liner  of  thin  sheet  iron  around  tlie  pin  and 
drove  it  in  place.  Two  days  later  the  weekly  mail  boat 
arrived  and  I  sent  a  hurry  order  to  a  machine  shop  for 
a  new  pin,  stating  that  we  were  running  with  a  loose 


An  Imphoviskd  Bohing  B.^r 

lathe  I  turned  an  oak  spindle  A  with  a  taper  the  same 
as  the  taper  of  the  pin.  Cutting  tools  shown  in  the  en- 
larged end  section  of  A  were  made  out  of  files  and  wedged 
securely  in  the  spindle.  A  screw-jack  and  a  block  with 
holes  for  handles  were  used  to  turn  and  feed  the  spindle 
while  enlarging  the  bore  in  the  crank  disk.  The  boring 
bar  was  kept  in  line  with  the  disk  by  keeping  it  true 
with  a  try-square.  On  Saturday  night  we  bored  out  the 
hole  and  by  Sunday  noon  after  heating  the  disk  we  drove 
in  the  pin  and  fastened  the  connecting-rod. 

Many  years  after  this  experience  I  saw  this  engine 
and  the  same  pin  was  still  giving  service. 

E.  E.  Thompson. 

Thessalon,  Ont. 

Removal  of  Scale  by  Graphite 

Much  has  been  said  recently  on  this  subject  in  several 
engineering  periodicals  and  the  writer  desires  to  give 
some  notes  of  his  recent  experience  with  graphite  as  a 
scale  remover. 

We  have  four  Stirling  boilers  of  300  hp.  each,  three 
under  pressure  at  all  times,  the  other  being  down  for 
cleaning  or  repairs.  Our  boilers  are  frequently  over- 
loaded for  short  periods.  We  use  natural  gas  for  a  fuel 
with  Kirkwood  burners  set  in  a  vertical  position,  eight  on 
each  side  of  the  ashpit,  using  an  average  pressure  (at  the 
burners)  of  3  oz.  The  working  steam  pressure  is  150  lb. 
gage. 

The  water  used  in  the  boilers  is  taken  from  the  city 
mains  and  passes  through  an  open  heater  where  the  tem- 
perature is  raised  to  208  deg.  P.     At  the  city  pumping 
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station  the  water  is  taken  from  the  river  and  pumped  to 
settling  tanks  from  which  it  flows  by  gravity  through 
modern  sand-iiltering  apparatus,  thence  through  the 
pumps  to  the  reservoir  and  lines,  and  during  the  process 


Fig.  1.   Boiler  Scale  Keiioved  with  Ueaphite;  Note 
Two-Foot-  Rule  in   Center 

of  iiltering  a  sufficient  amount  of  alum  solution  is  added 
for  purifying  purposes. 

We  have  had  aualyses  made  of  the  feed  water  and  of 
the  scale  and  tried  out  several  boiler  compounds  without 
satisfactory  results.  We  then  tried  kerosene  by  placing 
a  quantity  in  each  drum  after  cleaning,  but  the  results 
were  poor. 

Tri-sodium  phosphate  was  then  tried  and  this  did  not 
help  the  scale  problem,  but  gave  the  scale  and  the  in- 
terior of  the  boilers  a  very  red  or  rusty  appearance,  where- 
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Fjn.   2.   Soda-Ash    and  Graphite   Feeder   Connected 
to  Feed-Water  Heater 

upon  the  insurance  inspectors  reported  corrosion.  A  small 
amount  of  soda  ash  is  fed  in  with  the  teed  water  daily 
to  neutralize  the  acid  in  the  water,  much  of  the  acid 
coming  from  coal  and  coke  works  farther  up  the  stream. 
Precaution  must  be  taken  here  as  too  much  soda  ash  will 


cause  the  boilers  to  foam.  With  boiler  graphite  we  are 
getting  good  results  at  a  very  small  cost,  using  only  one 
pound  per  24  hr.  During  this  process  we  also  tried  out 
several  mechanical  cleaners  as  we  do  not  believe  this  type 
of  boiler  can  be  kept  clean  without  a  good  mechanical 
cleaner  to  knock  out  the  scale  after  the  chemicals  and 
graphite  have  done  their  work. 

In  Fig.  1,  compare  the  size  of  the  scale  to  the  2-ft. 
rule  in  the  center.  One  piece  of  scale  was  over  17  in. 
in. length,  but  became  broken  in  handling.  Most  of  the 
scale  is  very  thin ;  so  much  so  that  the  boilers  would  w- 
dinarily  have  been  considered  clean.  Most  of  the  scali' 
was  loosened  and  fell  before  the  mechanical  eleauur 
reached  it,  as  that  reached  by  the  cleaner  is  pounded  fine 
or  will  have  marks  of  the  cleaner  on  its  surface.  A  well 
known  make  of  water-turbine  cleaner  is  used,  and  never 
before  in  the  writer's  nine  years'  experience  in  this  plant 
did  the  scale  come  down  so  easily  or  in  such  large  pieces 
as  it  has  since  using  boiler  graphite. 

Fig.  2  shows  our  method  of  feeding  the  soda  ash  and 
graphite  solutions  to  the  feed  water  as  it  leaves  the  heater 
on  its  way  to  the  pumps.  In  this  way  the  graphite  adds 
its  lubricating  qualities  to  the  pumps. 

C.  E.  Nigh. 

Morgantown,  W.  '\'a. 

The  Myriawatt 

As  one  of  the  authors  of  the  original  paper,  ''The 
Myriawatt,"  presented  before  the  convention  of  the  Ameri- 
can Institute  of  Electrical  Engineers,  June,  1912,  I  am 
sending  an  answer  with  tables  to  Mr.  Weaver's  criticism 
of  the  myriawatt  in  Power,  Sept.  9,  1913. 

Mr.  Weaver  shows  he  is  unaware  of  the  purpose  of  the 
myriawatt  and  that  he  does  not  exactly  understand  just 
what  it  is.  The  purpose  was  defined  in  the  original 
paper:  "To  introduce  a  new  unit  of  power,  which  if 
adopted  will  afford  a  basis  of  comparison  of  all  converters 
of  energy,  thermal  and  mechanical,  and  also  will  be  inter- 
national in  its  character,  as  it  is  merely  a  new  multiple 
of  the  watt." 

Mr.  Weaver  states  that  the  unit  has  no  scientific  basis. 
Does  he  mean  that  the  watt  and  the  kilowatt  have  no 
scientific  basis?  If  they  have,  why  has  not  the  myria- 
watt also,  which  is  merely  a  decimal  multiple  of  the 
watt,  which  means  10,000  watts?  Even  the  boiler  horse- 
power, confusing  as  it  is,  as  now  defined  in  the  A.  S.  M. 
E.  code  for  boiler  tests,  rests  upon  an  entirely  scientific 
basis.  Mr.  Weaver  even  finds  fault  with  the  use  of 
"myria" : 

While  it  Is  true  that  the  word  from  which  It  is  derived, 
means  in  Greek  ten  tliousand,  in  English  it  has  never  had 
that  definite  meaning,  but,  as  everyone  knows,  has  the  In- 
deflnit-e    significance    of   a   great    number. 

The  following  appears  on  page  1084  of  Webster's  Im- 
I>erial  Dictionary: 

Myriad  (Gr.  Myrias  (ados),  the  number  ten  thousand,  from 
myrios,    countless). 

1.  The  number  of  ten  thousand,  an  aggregate  of  ten 
thousand  persons   or  things. 

While  great  confusion  may  result  from  the  term  ''Taoiler 
horsepower,"  still  it  is  well  ingrained  in  American  prac- 
tice and  about  every  American  engineer  has  been  accus- 
tomed to  its  use.  The  fact,  as  Mr.  Weaver  says,  that  the 
myriawatt  is  only  2  per  cent,  different  in  value  from  the 
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boiler  borsepower,  and  still  is  based  upon  the  same  system 
of  units  as  the  kilowatt,  recognized  as  the  unit  of  en- 
gine-room outj^ut,  is  the  main  argument  for  the  use  of 
the  myriawatt.  It  has  all  the  advantages  of  the  C.  G.  S. 
system,  but  still  requires  no  effort  to  understand  its  value 
on  the  part  of  the  engineer  who  has  long  been  familiar 
with  the  boiler  horsepower. 

Mr.  Weaver  is  under  the  impression  that  we  intended 
there  should  be  a  "boiler  rating  based  upon  an  engine 
heat  consumption."  He  is  mistaken,  for  we  recognize 
that  the  ti-emendous  increase  during  the  last  few  years 
in  efficiency  of  design  and  operation  of  boiler  furnaces 
and  prime  movers  has  demonstrated  that  there  can  be 
no  fixed  quantitative  relationship  between  the  heat  out- 
put of  a  boiler  of  a  given  size  and  the  heat  consumption 
per  kilowatt  of  an  engine.  But  thermodynamics  teaches 
us  that  heat  and  mechanical  energy  are  mutually  con- 
vertible, and  that  a  kilowatt-hour  can  be  stated  in  terms 
of  B.t.u.,  when  the  gravitational  constant  g  is  defined  in 
value.  The  function  of  the  myriawatt  is  to  supply  a 
power  unit  for  the  input  side  of  a  prime  mover  which  is 
based  upon  the  same  system  as  the  recogTiized  unit  of 
prime-mover  output. 

While  it  is  true  that  the  nominal  rating  of  a  boiler 
might  be  stated  in  myriawatts  just  as  it  is  now  occasional- 
ly expressed  in  boiler  horsepower;  nevertheless,  the  term 
myriawatt  as  an  exact  quantity  means  the  power  of  ten 
thousands  watts,  or  3-1,150  B.t.u.  per  hour,  based  on  the 
definition  of  g  by  Marks  and  Davis 

g  =  32.174  ft.  =  9.06G5  meters 
To  Mr.  Weaver's  statement: 

Again  a  boiler  of  100  myriawatts  actual  on  a  basis  of  nat- 
ural draft  and  anthracite  coal  for  fuel  would  say,  increase 
to  125  myriawatts  actual  "with  good  soft  coal,  to  150  myria- 
watts actual  with  high  chimney  draft  and  to  200,  300  or  more 
nayriawatts  actual. 

I  quote  from  the  original  paper:  "\^'ith  modern  plants, 
notably  those  in  marine  service,  operating  at  from  two 
to  five  times  this  rating"  (10  sq.ft.  boiler  surface  = 
1  boiler  horsepower).  We  recognize  that  there  is  at 
present  only  a  remote  relationship  between  the  actual 
output  of  a  boiler  and  the  nominal  rating  based  upon 
heating  surface.  Even  with  stationary  boilers,  400  per 
cent,  nominal  rating  has  been  obtained.  One  speaks  of 
a  certain  turbine  as  a  10,000-kw.  machine  and  yet  its 
output  is  almost  never  exactly  10,000  kw.  Thus  the 
actual  output  of  a  boiler  may  or  may  not  correspond  to 
its  nominal  rating.  It  may  be  as  well  to  standardize  once 
and  for  all  the  trade  rating  of  boilers  on  the  basis  of 
square  feet  of  heating  surface,  but  that  is  entirely  aside 
from  the  question  of  stating  the  thermal  performance  of 
a  boiler  in  terms  of  a  multiple  of  the  recognized  unit  of 
prime-mover  output. 

Mr.  Weaver,  in  a  long  letter  to  the  Electrical.  World, 
completely  riddled  the  boiler  horsepower;  but  he  left  no 
adequate  substitute.  Let  him  search  the  universe  for  a 
better  one  which  will  be  more  simple  and  more  clear  of 
meaning  than  the  myriawatt. 

CONVERSION  TABLES  FOR  THE  MYRIAWATT 


1  foot-pound 

1  kilopram-meter 

1  gram-calorie 

1  horsepower 

1  cheval  a  vapeur 

1  pferde-kraft 

1  T>onnelet 

1  kilowatt 

1  boiler-horsepowe] 

1  myriawatt 


=  0  0012861  B.t.u. 
=  0  009302  B.t.u. 
=  0  0039683  B.t.u. 
=    2, .547  B.t.u.  per  hr. 
=     2,.';i2  B.t.u.  per  hr. 
=    2,512  B.t.u.  per  hr. 
=    3.349  B.t.u.  per  hr. 
=    3,415  B.t.u.  per  hr. 
=  33,479  B.t.u.  per  hr. 
=  34,150  B.t.u.  per  hr. 


REDUCTION  OF  THE  MYRIAW.ATT  TO_THE  ABOVE  UNITS 

1  mw.  =  34,150  B.t.u.  per  hr. 

1  mw,  =  8,605,000  gram-calorie.'s  per  hr. 

1  mw.  =  26,552,000  foot-pounds  per  hr. 

1  mw.  =  3,670,900  kilogram-meters  per  hr. 

1  mw.  =  13.410  horsepower 

1  mw.  =  13.597  chevai  a  vapeur 

1  mw.  =  13.597  pferde-kraft 

1  mw.  =  10.197  poncelets 

1  mw.  =  10  Icilowatts 

1  mw.  =  1.020  boiler-horsepower 

REDUCTION  OF  THE  ABOVE  UNITS  TO  MYRIAWATTS  OR  MYRIA- 
WATT-HR, 

1  B.t.u.  =2.928  X  10-5  mw.-hr. 

1  gram-calorie  =  1.1621  X  10—7  mw.-hr. 

1  foot-pound  =  3.7662  X  10—8  mw.-hr. 

1  kilogram-meter       =  2.7238  X  10—7  mw.-hr. 
1  horsepower  =  7.4.57  X  10—2  mw.-hr. 

1  cheval  a  vapeur      =  7.354  X  10—2  mw.-hr. 
1  pferde-kraft  =7.354  X  10— 2  mw.-hr. 

1  poncelet  =9.807  X  10—2  mw.-hr. 

1  kilowatt  =  1.00000  X  10—1  mw.-hr. 

1  boiler-horsepower  =  9.804  X  10—1  mw.-hr. 
The  value  of  g  is  assumed  to  be  that  at  sea  level  and  45  degree  latitude  = 
9 .  80665  meters  =  32 .  174  ft. 

REDUCTION  OF  THE  ABOVE  UNITS  TO  GRAM-CALORIES 

1  B.t.u.  =  2.3200  X  10=  gr.  calories 

1  foot-pound  =  0  3241  gr.  calories 

1  kilogram-meter       =  2  3442  gr.  calories 

1  kilogram-calorie      =  100  0000  gr.  calories 

1  horsepower  =6,417  X  10'  gr.  calories  per  hr. 

1  cheval  a  vapeur      =  6.329  X  10*=  gr.  calories  per  hr 

1  pferde-kraft  =6.329  X  10»  gr.  calories  per  hr. 

1  kilowatt  =  8.605  X  10=  gr.  calories  pel  hr. 

1  boiler-horsepower  =  8.4367  X  10»  gr.  calories  per  hr. 

1  myriawatt =  8.605  X  10"  gr.  calories  per  hr. 
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Abandoning  Boiler  in  Case  of  Fire 

To  abandon  a  boiler  in  the  face  of  a  fire  requires  pre- 
vious consideration,  Just  as  much  as  any  of  the  other 
problems  which  are  continually  confronting  the  engineer 
of  today. 

If  the  burning  building  is  small  and  composed  of  light 
material,  as  is  frequently  found  in  the  warm  climates, 
there  is  a  pretty  good  chance  of  the  building  burning 
down  from  over  the  boiler  without  the  latter  being 
wrecked.  Under  this  condition  I  would  advise  speeding 
up  the  feed  pump  sufficient  to  keep  the  boiler  full  of 
water  when  the  safety  valve  opens. 

On  the  other  hand,  if  the  burning  building  is  large, 
the  intense  heat  will  certainly  cause  the  boiler  to  be 
ruptured,  so  the  engineer's  duty,  obviously,  is  to  protect 
lives  and  property,  even  to  the  loss  of  his  own.  The 
energy  which  produces  such  disastrous  results  when  a 
boiler  explodes  is  stored  in  the  hot  water  in  the  boiler. 
It  would  seem  that  the  best  thing  to  do  would  be  to  open 
the  blowoff  cock,  and  shut  down  the  feed  pump,  thereby 
relieving  the  boiler  of  as  much  of  its  energy  as  jjossible 
before  the  explosion  occurs. 

J.  M.  Eow. 

Fort  McDowell,  Calif. 

Increased  Face  of  Flywheel 

In  a  plant  where  I  was  employed  recently  they  had 
a  13xl2-in.  engine  running  300  r.p.m.  The  flywheel  was 
5  ft.  in  diameter  and  formerly  had  a  10-in.  face,  but 
upon  installing  a  new  belt-driven  dynamo  of  larger  size 
a  14-in.  belt  was  necessary,  so  it  was  a  case  of  get  a  new 
flywheel  or  make  the  old  one  wider.  The  following  method 
was  used.  A  hard  maple  rim,  2  in.  wide  and  of  the  same 
thickness  as  the  flywheel  rim,  was  made  for  each  side 
of  the  wheel.  The  rim  was  made  up  of  eight  segments. 
After  drilling  and  tapping  out  holes  in  the  rim  of  the 
flywheel,  the  wooden  rims  were  fastened  to  the  flywheel 
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with  %-in.  capscrews.     After  being  securely  fastened  a 
tool  rest  was  fixed,  the  engine  started  and  the  wooden  rim 
turned  off  flush  with  the  flywheel  rim.     The  engine  has 
been  running  successfully  and  the  rim  is  as  good  as  the 
day  it  was  put  on. 

P.  E.  Flock. 
East  St.  Louis,  111. 

Condenser-Tube  Corrosion 

In  view  of  the  fact  that  the  corrosion  and  length  of 
life  of  condenser  tubes  have  been  attributed  to  a  great 
variety  of  causes,  the  article  in  Power  for  Oct.  l-t,  pp. 
531-533,  which  describes  results  of  experiments  conducted 
by  the  New  York  Edison  Co.,  is  welcome  and  interest- 
ing. Tliere  is,  perhaps,  no  other  power-plant  problem 
that  is  as  baffling  of  solution  a.s  the  real  cause  of  the  er- 
ratic action  of  condenser  tubes  in  actual  operation. 

This  erratic  action  is  observed  in  nearly  every  loca- 
tion where  surface  condensers,  are  used,  but  the  problem 
of  explaining  the  causes  for.  the  action  and  the  expenses 
,liie  to  experimenting  and  for  replacing  tubes  is  greatest 
in  the  large  central  stations  usually  located  on  the  water 
fronts  or  river  banks  of  the  cities  they  serve.  Conse- 
quently, the  circulating  water  supplied  the  condensers  is 
high  in  impurities,  owing  to  the  sewage  and  acids  which 
find  their  way  into  the  river. 

Sewage  usually  contains  more  or  less  ammonia  which 
is  destructive  to  copper  and  its  alloys  of  which  condenser 
tubes  are  made.  Ammonia  is  so  soluble  in  water  and  the 
ammonia  of  water  used  in  the  usual  sewage  systems  so 
great,  and  the  streams  into  which  the  sewage  is  discharged 
usually  so  large,  that  it  would  seem  as  though  the  am- 
monia would  be  of  such  low  concentration  as  to  be  harm- 
less as  a  corroding  agent.  In  cities  like  New  York,  how- 
ever, where  the  population  is  dense,  the  water  at  times 
is  highly  polluted,  as  when  the  velocity  of  flow  of  the 
incoming  tide  is  equal  to  that  of  the  stream  and  there  is 
no  perceptible  current.  It  would  be  interesting  and  valu- 
able to  read  a  discussion  on  the  subject  of  sewage  and 
trade  wastes  in  circulating  water  as  they  affect  condenser 
tubes. 

Attributing  the  cause  of  pitting  of  condenser  tubes  to 
improper  mill  treatment,  drawing  and  annealing,  is  the 
most  logical  argument  yet  advanced.  One  is  convinced 
of  the  truth  of  this  conclusion  when  studies  of  the  micro- 
structure  of  the  tubes  are  made  and  considered  in  conjunc- 
tion with  the  behavior  of  the  tubes  in  actual  service. 

For  example,  it  will  sometimes  be  observed  that  of  a 
lot  of  tubes  of  the  same  composition  put  in  service  at  one 
time,  some  will  corrode  away  in  a  few  months,  while 
others  last  as  long  as  four  years. 

A  case  is  recalled  where  two  newly  tubed  condensers 
(all  tubes  of  identical  composition)  were  put  in  service 
at  the  same  time,  both  operating  under  similar  conditions 
of  load,  water,  etc.  After  about  four  months'  run  the 
head  was  taken  off  one  shell  and  the  upper  bank  of  tubes 
found  so  badly  corroded  that  they  were  renewed,  while 
the  lower  banks  were  unaffected.  This  started  investiga- 
tion which  resulted  in  conclusions  that  were  soon  aban- 
doned because  examination  of  the  other  condenser  showed 
the  reverse  condition,  i.e.,  the  top  tubes  were  sound  while 
the  lower  ones  were  seriously  affected. 

That  local  galvanic  action  set  up  between  the  con- 
stituents of  the  alloy  and  not  electrolytic  action  of  stray 


outside  currents,  causes  tube  deterioration  is  undoubtedly 
true.  As  an  example  of  how  firmly  the  former  theory  was 
believed  in,  the  writer  recalls  one  plant  where  a  motor- 
generator  set  was  installed  to  send  current  through  the 
coiulensers  in  an  opposite  direction  to  that  of  the  stray 
currents.  It  was  always  a  question  whether  the  current 
from  the  generator  was  assisting  or  opposing  the  electro- 
lytic action. 

Much  interest  has  been  shown  in  a  report  by  Doctor 
Bengough  on  the  corrosion  of  condenser  tubes  to  the  Cor- 
rosion Committee  of  the  Institute  of  Metals  of  Great 
Britain. 

Doctor  Bengough  endeavored  to  show  that  pitting  of 
tubes  goes  on  more  rapidly  at  high  temperatures,  say,  104 
deg.  F.  and  up,  than  at  temperatures  corresponding  to 
high  vacuum.  Experience  with  the  erratic  action  of  tubi  - 
in  condensers  under  28  to  39.3  in.  vacuum  continuously 
tluring  operation  leads  me  to  place  little  confidence  in 
this  theory.  Discussion  of  this  theory  would,  however, 
be  appreciated. 

B.  H.  Chester. 

New  York  City. 

Piston  Rings  Wear  Cylinder 

In  reference  to  R.  E.  Skon's  letter  in  the  issue  of  Aug. 
26  last,  I  have  seen  illustrations  of  devices  to  prevent  the 
steam  packing  of  pistons  which  is  regarded  as  being  un- 
desirable, due  to  the  excessive  friction  set  up,  causing 
rapid  wear  both  of  the  piston  and  liner.  I  have  a  water 
piston  fitted  with  flexible  rings  which  rely  on  the  pres- 
sure  (160  lb.  in  our  case)  entering  through  four  %-in. 


I 


Section  of  Piston 

ports  to  keep  them  tight  against  the  cylinder  walls  and 
these  rings  wear  rapidly.  I  have  plugged  up  two  of  the 
ports,  but  it  appears  to  make  no  difference  and  the  quality 
of  the  rings  is  the  best  the  makers  supply.  The  pump 
is  in  good  condition,  being  practically  new.  Can  anyone 
oft'er  suggestions  to  increase  the  life  of  these  rings?  A 
section  of  the  piston  is  shown  herewith. 

A.  M.  RoBB.     J 
London,  Eng.  ■ 

Analysis  of  Mr.  Chandler's  Diagrams 

The  rise  in  the  expansion  curve  was  due  to  steam  leak- 
ing into  the  cylinder  from  the  receiver,  due  to  the  ex- 
haust valve  lifting  off  its  seat  when  the  pressure  in  the 
cylinder  became  less  than  that  in  the  receiver. 

The  drop  below  the  atmospheric  line  was  due  to  a  drop 
in  the  receiver  pressure  caused  by  the  low-pressure  cylin- 
der drawing  upon  it  while  very  little  steam  had  bciMi 
supplied  to  the  receiver  from  the  high-pressure  cylinder 
during  the  previous  stroke. 

Feank  p.  Stoddart. 

Burlington,  Iowa. 

[Similar  replies  were  received  from  Harry  D.  Everett 
and  E.  H.  Sawers. — Editor.] 
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Foot-Valve  Action — Does  a  foot-valve  on  the  suction  pipe 
f  a  single-cylinder,  double-acting  water  pump  open  and  close 
irhile   the    pump    is    discharging    water? 

J.   W.    D. 

At  ordinary  speeds  of  pumping  and  size  of  foot-valve, 
he  valve  on  the  suction  pipe  does  not  have  sufhcient  time 
o    close   between    strokes. 


Plate  Crushing  Strengtb — What  is  meant  by  the  "crushing 
itrength"  of  a  plate,  in  reference  to  figuring  the  bursting 
strength  of  a  boiler? 

J.     W.    D. 

It  refers  to  the  resistance  offered  by  the  plate  in  resisting* 
the  compressive  strain  which  exists  on  the  edge  of  the 
plate  behind  a  rivet,  due  to  pulling  the  plate  against  the 
side  of  the  rivet. 


Injector  Peculiarity — Why  does  high  pressure  sometimes 
^ause  an   injector  to  refuse  to  lift  water? 

J.    P. 

Injectors  for  lifting  water  are  made  with  a  double  sys- 
tem of  tubing,  viz.,  one  for  lifting  and  the  other  for  forc- 
ing. The  forcing  system  alone  will  do  some  lifting,  but  if 
too  much  steam  is  used,  or  enough  used  for  forcing  against 
high  pressure,  the  suction  becomes  overheated  and  breaks  by 
steam  taking  the  place  of  the  column  of  water  to  be 
lifted. 


Power  of  Three-Phase  Motor — On  the  "Inquiries"  page  of 
Oct.  14  issue,  the  statement  appeared  that  the  power  of  a 
three-phase   motor    is 

Current    X    voltage    X    1.73    X    power  factor 

Kw.  =  

1000 

This  is  correct  for  the  input,  but  for  the  output  it  must  be 
multiplied  by  the  efficiency  of  the  motor.  The  formula  then 
becomes 

Current    X   voltage   X   1.73    X   power  factor   X    efficiency 


Kw. 


1000 


Steam  Con.^uniptioil  Corrected  for  Moisture — If  the  steam 
consumption  of  an  engine  is  28  lb.  per  i.hp.,  and  the  steam 
contains  2%  per  cent,  of  moisture,  how  is  the  correction  for 
consumption   of  dry   steam   made? 

B.    E.   D. 

If  steam  contains  2%  per  cent,  moisture,  deduct  2^4  per 
cent,  from  the  actual  consumption.  For  instance,  if  the  actual 
consumption  of  the  engine  is  28  lb.  of  steam  containing  2V2 
per  cent,  moisture,  then  the  consumption  of  dry  steam  would 
be  28  —  (2%  per  cent,  of  28)  =  27.3  lb.  This  is  the  usual 
method  of  allowing  for  moisture  in  engine  performances,  al- 
though the  presence  of  moisture  is  usually  more  detrimental 
to   economy    than    thus   accounted    for. 


Stack  Heig:ht  and  Chimney  Draft — Why  is  a  boiler-furnace 
draft  increased  when  the  height  of  the  stack  is  increased"." 
What   id  the  principle  involved? 

J.    W.    D. 

The  heated  gases  of  a  chimney  rise  because  they  have  less 
weight  or  density  than  the  atmosphere.  The  higher  the  col- 
umn the  greater  its  buoyancy  or  tendency  to  rise  because 
the  atmosphere  pressing  into  the  draft  doors  of  the  furnace 
is  resisted  by  a  column  of  less  weight  (gases  and  atmosphere) 
the  higher  the  column  of  chimney  gas  extends  up  into  the 
atmosphere.  The  effective  pressure  is  that  due  to  the  differ- 
ence between  the  weight  of  the  heated  gases  in  the  chimney 
and  a  column  of  the  external  air  of  equal  height  and  cross- 
section. 


Encine  Steam  Conxumptlon — Where  a  condenser  cannot 
be  used,  how  may  the  steam  consumption  of  an  engine  be 
determined?  Is  it  necessary  in  connection  with  this  test  to 
test   the   boiler  for   efficiency   and    weigh   coal,    water,    etc.? 

B.   E.   D. 

The  water  consumption  could  be  measured  by  weighing 
as   it   is   fed    into    the    boiler,    if   the   latter   supplied    steam    to 


only  the  engine,  b(  giniiing  and  ending  the  test  with  the 
same  steam  pressure  and  same  level  of  water  in  the  boiler 
and  accounting  for  any  leaks  or  use  of  steam  for  other  pur- 
poses. Steam  consumption  of  engines  is  usually  rated  on  a 
basis  of  dry  saturated  steam  at  some  particular  pressure.  If 
only  the  engine  economy  is  involved,  then  only  the  amount 
of  water  fed  to  the  boiler  and  used  by  the  engine  would  have 
to  be  taken  into  account;  but  if  boiler  efficiency  is  involved, 
the   coal   would    have    to    be    weighed. 


Boiler  Steaming  CharneterlsticK — Some  claim  a  boiler 
steams  better  when  the  water  is  carried  high;  that  if  2^2 
gages  are  carried  less  coal  w"^ill  be  consumed  than  with  l^i 
gages.  Is  there  any  difference  in  coal  consumption  if  the 
same    amount    of    water    is    evaporated    in    both    cases? 

J.    W.    D. 

A  larger  body  of  water  carried  in  a  return-tubular  boiler 
may  be  accompanied  by  more  uniform  circulation  and  result 
in  absorption  of  more  heat  of  the  furnace  otherwise  going 
to  waste  in  chimney  gases,  thereby  requiring  combustion  of 
more    coal    for   a   given    evaporation. 

For  a  given  rate  and  system  of  firing,  the  larger  the  body 
of  water  the  more  uniform  will  be  the  pressure  at  which 
steam  is  generated,  and  for  a  variable  rate  of  steam  demand 
the  larger  the  volume  of  water  carried  at  a  given  tempera- 
ture the  larger  tne  storage  of  heat  and  consequently  the  com- 
bustion can  be  regulated  to  the  better  advantage  of  the  fur- 
nace economy  than  where  the  firing  has  to  be  adapted  to  the 
variable  demands  for  steam. 


Temperature  Test  Measurements — In  a  test,  to  take  the 
temperature  of  the  feed  water  before  entering  the  "weighing" 
barrels,  may  an  ordinary  thermometer  be  used?  Should  the 
steam  temperature  at  the  throttle  be  obtained  by  steam  gage 
or  thermometer?  Should  the  moisture  in  the  steam  at  the 
throttle   be   obtained   by   fastening  a  calorimeter   there? 

B.    E.    D. 

The  feed-water  temperature  should  be  measured  by  a 
standard  feed-water  thermometer,  "which  consists  of  a  special 
thermometer  dipped  into  a  "well  in  a  brass  screw  plug,  the 
well  containing  cylinder  oil  or  mercury  and  the  plug  being 
scre"wed  into  the  feed  pipe  so  as  to  receive  the  full  tempera- 
ture of  the  feed  "water.  The  moisture  is  determined  by  a 
calorimeter  attached  "where  the  quality  of  the  steam  is  to  be 
obtained.  If  the  steam  shows  any  moisture  (which  is  prob- 
able unless  a  superheater  is  employed)  there  is  no  object  in 
obtaining  the  temperature  except  from  the  pressure  as  shown 
by  an  accurate  steam  gage  and  tables  of  the  properties  of 
steam.  Superheat  thermometers  are  made  and  applied  in  the 
same   inanner   as   feed-water  thermomettrs. 


Latent  Heat  at  Diflferent  Pressures — Why  is  there  more 
latent  heat  in  steam  at  212  deg.  F.  than  at  200  deg.  i.e.,  why 
does   the    latent   heat   decrease   as   the   pressure   increases? 

J.   W.   D. 

A  pound  of  water  at  200  deg.  F.  passes  into  vapor  by  the 
addition  of  977.8  heat  units  if  the  pressure  is  not  in  excess 
of  11.52  lb.  per  sq.in.  abs.  If  the  pressure  is  increased  to 
14.7  lb.  abs..  or  atmospheric  pressure,  the  water  will  not 
vaporize  until  its  temperature  has  been  raised  to  212  deg.  F. 
and  in  addition  thereto,  it  has  received  970.4  heat  units.  In 
the  first  instance  the  heat  contained  in  the  "water  above  32 
deg.  F.  Is  167.94  heat  units  and  the  additional  heat  required 
for  vaporization  being  977.8  heat  units,  the  total  above  32 
deg.   F.   required   for  vaporization   is 

167.94  +  977.8  :=  1145.74  B.t.u. 
commonly  quoted  as  1145.8  heat  units.  In  the  second  instance 
the  heat  contained  in  the  water  above  32  deg.  F.  is  ISO  heat 
units:  but  with  this  amount  of  heat  already  present  only 
970.4  additional  heat  units  are  required  for  vaporization  to 
make  up  the  total  of  1150.4.  Why  this  is  so  cannot  be  stated. 
We  only  know  from  observation  that  temperature  and  pres- 
sure may  be  increased  by  addition  of  heat  and  that  as  tem- 
perature and  pressui'e  are  thus  increased  the  amount  of 
latent  heat  required  for  vaporization  decreases.  It  is  a  law 
of  nature,  the  reason  for  which  is  inscrutable. 


694  P  0  W  E  E  Vol.  38,  Xo.  20 

gpi{fliiimiiii!nHinfflinn.wiiiiiiiiiiiiiiiiiiiimiiniiiiiiiiiiiiiiiiiiiiiiimnnm 

I  ENGINEERS'     STUDY     COURSE 

iiuiiiiiiiiniiiiiinnnininiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiii^^  iiiiiiiiiiiiiiiiiiiiiiiniiiiiiimiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiii in i iininiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniii 


Feed-Water  Treatment — IV 

Collecting  Sample 

Care  must  be  exercised  when  collecting  the  sample 
to  be  analyzed.  If  the  water  is  in  an  agitated  condition 
a  clean  bottle  or  jar  can  be  dipped  into  the  tank  or  reser- 
voir at  almost  any  point  and  filled  in  the  ordinary  way. 
If  it  is  more  convenient  to  tap  the  supply  main,  a  good 
arrangement  is  to  allow  a  small  stream  of  water  to  run 
into  a  clean  barrel  or  tub  continuously  and  dip  the  sam- 
ple therefrom.  The  main  thing  is  be  sure  that  Hie  bottle 
to  contain  the  sample  and  the  barrel  or  tub,  if  any  is 
employed,  are  clean,  and  will  not  pollute  the  water  with 
foreign  matter  which  it  does  not  contain  naturally.  A 
sample  of  from  2  qt.  to  1  gal.  is  sufficient. 

Test  for  Alk.\lixitt 

The  first  step  of  the  analysis  is  to  test  whether  the 
water  is  alkaline  or  acidulous  in  nature.  Usually  it  is 
alkaline,  but  sometimes,  when  the  water  comes  from 
boggj-  land,  it  may  be  slightly  acid  in  character. 

To  test  for  alkalinity  fill  the  200-c.c.  measuring  flask, 
first  seeing  that  it  is  thoroughly  clean,  with  the  test  water, 
so  that  the  level  is  exactly  at  the  line  which  will  be  found 
around  the  neck  of  the  flask.  Empty  this  water  into  the 
clean  22-oz.  basin  and  rinse  the  flask  with  distilled  water, 
putting  the  rinsings  into  the  basin  also. 

Distilled  water  may  be  purchased  by  the  bottle,  or  if 
much  is  to  be  used,  a  home-made  or  purchased  still  may 
be  found  more  economical. 

Add  to  the  200  c.c.  of  test  water  in  the  basin  two  drops 
of  the  concentrated  solution  of  methyl  orange.  Xext, 
put  into  the  burette  some  of  the  one-fifth  nor- 
mal standardized  solution  of  hydrochloric  acid 
and  read  the  level  at  which  the  acid  stands 
with  great  care  and  as  accurately  as  possible.  Xow, 
titrate  by  opening  the  cock  of  the  burette  a  small  amount, 
allowing  some  of  the  acid  to  fall  into  the  basin  of  test 
water  drop  by  drop,  stii-ring  the  water  all  the  while  with 
the  glass  rod,  until  the  color  of  the  water  changes  from 
canary  j-ellow  to  orange  and,  finally,  to  faint  pink.  Shut 
oS  the  acid  at  this  point  and  again  read  the  level  in  the 
burette  as  closely  as  possible.  When  reading  the  burette 
take  as  the  level  of  the  liquid  the  bottom  of  the  slight 
curve  which  the  surface  of  the  liquid  assumes  due  to  the 
narrowness  of  the  tube. 

The  analysis  of  a  water  sample  is  usually  expressed  in 
parts  by  weight  of  impurities  per  100,000  parts  of  water. 
Thus,  when  a  water  is  said  to  contain  20  parts  of  cal- 
cium carbonate  what  is  really  meant  is  that  every  100,000 
lb.  of  water  contains  20  lb.  of  this  compound. 

Tempokakt  Hardness 

The  test  with  hydrochloric  acid  as  described  above  in- 
dicates the  temporarj'  hardness  of  the  water  and  this  is 
assumed  to  be  caused  by  the  presence  of  calcium  car- 
bonate in  the  water.     To  estimate  the  parts  of  calcium 


carbonate   per    100,000    multiply    the    number    of    cubic 
centimeters  of  acid  required  by  5. 

To  illustrate,  if  it  took  4.1  c.c.  of  the  one-fifth  normal 
standardized  acid  solution  to  neutralize  a  200-c.e.  sample 
of  water  the  parts  of  calcium  carbonate  per  100,000  parts 
of  water  would  be  taken  as 

4.1  X  5  =  20.5 

Test  for  Acidity 

If  the  water  to  be  examined  is  acidulous  the  following 
method  must  be  employed: 

Carefully  measure  out  as  before  200  c.c.  of  the  water 
to  be  tested  and  add  two  drops  of  the  phenol-phthaleio 
instead  of  the  methyl  orange.  Load  the  burette  with  the 
one-fifth  normal  standardized  solution  of  sodium  carbon- 
ate and  titrate  as  before,  reading  off  as  accurately  as  pos- 
sible the  number  of  cubic  centimeters  required  to  change 
the  color  of  the  water  to  a  purple-red  tint.  The  number 
of  cubic  centimeters  thus  required  is  then  multiplied  by 
the  factor  5  to  give  the  alkali  equivalent  of  the  acid 
present  in  the  water.  Thus,  if  1.3  c.c.  of  the  sodium  car- 
bonate was  used  in  titrating  the  water  contained  acid 
equivalent  to  a  sodium  carbonate  content  of 

1.3  X   5  =  6.5  parts 
per  100,000. 

Perjiaxext  Hardness 

The  permanent  hardness  or  liardness  due  to  the  sul- 
phates is  ascertained  by  the  following  test: 

Filter  a  little  more  than  100  c.c.  of  the  water  to  be 
tested  and  then  measure  exactly  100  c.c.  into  a  clean  ves- 
sel and  add  from  the  burette  exactly  25  c.c.  of  the  stand- 
ardized sodium-carbonate  solution.  Evaporate  this  mix- 
ture to  dryness  in  a  porcelain  dish  on  the  water  bath. 
Xext,  pour  into  the  dish  about  100  c.c.  of  distilled  water, 
heat  gently  and  stir  to  insure  complete  solution  of  the 
soluble  solid  matter  in  the  di.sh.  Xext,  filter  the  solution 
carefully  and  wash  the  filter  well  by  pouring  warm  dis- 
tilled water  into  it  after  the  solution  has  passed  through. 
Collect  the  filtered  solution  and  .the  filter  washings  in  the 
large  porcelain  basin,  add  two  drops  of  methyl  orange, 
titrate  with  the  one-fifth  normal  standardized  hydro- 
chloric acid  and  read  carefully  the  number  of  cubic  centi- 
meters required  to  cause  the  change  from  canary  yellow 
to  faint  pink.  The  number  of  cubic  centimeters  of  the 
acid  solution  required  to  bring  about  the  color  change 
is  subtracted  from  25  and  the  result  multiplied  by  5  to 
give  the  degrees  of  permanent  hardness,  expressed  in 
their  equivalent  of  parts  of  calcium  carbonate  per  100,- 
000  parts  of  water. 

Estimating  Treatment 

It  is  stated  by  reliable  authorities  that  water  which 
contains  more  than  20  parts  per  100,000  of  impurities, 
causing  permanent  and  temporarv'  hardness,  should  be 
treated  before  use.  Wliether  the  treatment  should  be 
made  before  the  water  is  fed  to  the  boiler  is  largely  a 
matter  of  size  of  plant  or  amount  of  water  used. 


'Die  qiuintity  ol'  Inuv  rrquirod  to  treat  water  for  tein- 

]i(irary   hardness    (caleium   and   magnesium   carbonates) 

may  be  estimated  as  follows:  Pounds  of  fresh  baked  lime 

required  per  1000  gal.  of  water  equals  number  of  parts 

j  of  calcium  carbonate  in   100,000    (as  shown  by  test  for 

I  temporary  hardness)  multiplied  by  0.0467. 

!       The    pounds    of    slalced   lime    required    per    1000    gal. 

of  water  equals  the  number  of  parts  of  c'alciuni  carbonate 

multiplied  by  0.0617. 

And  the  pounds  of  caustic  soda  (sodium  hydrate)  re- 
quired per  1000  gal.  of  water  equals  the  number  of  parts 
of  calcium  carbonate  multiplied  by  0.0667. 

'  Treatment  foi!  Sulphate.s 

When  lime  is  iised  for  treating  the  carbonates  the  quan- 
tity of  sodium  carbonate  or  soda  ash  required  to  correct 
the  permanent  hardness  may  be  estimated  as  follows: 
Pounds  of  soda  ash  required  per  1000  gal.  of  water  equals 
number  of  parts  solid  matter  causing  permanent  hard- 
ness, multiplied  by  0.0884. 

When  caustic  soda  is  used  for  the  carbonates  not  so 
much  soda  ash  is  required  for  the  sulphates  for  the  rea- 
son that  the  caustic  soda  and  the  carbonates  react  chem- 
ically to  produce  sodium  carbonate  (soda  ash)  which  be- 
comes available  to  react  with  the  sulphates  to  produce 
sodium  sulphate  and  calcium  and  niagiicsiuni  carbonates 
(the  latter  being  insoluble). 

To  estimate  the  quantity  of  soda  ash  required  for  the 
■sulphates  in  such  a  case,  proceed  as  usual  to  estimate  the 
quantity  required  as  though  lime  were  to  be  used  for  the. 
carbonates.  Then,  subtract  from  the  quantity  thus 
found,  "'Vso  times  the  quantity  of  caustic  soda  used  for 
the  carbonates. 

The  foregoing  materials  for  treating,  water  are  never 
100  per  cent,  pure  when  bought  in  bulk  and,  consequent- 
ly, it  is  necessary  to  allow  for  this  when  making  up  a 
treatment.  The  first  step  is  to  find  out  from  the  dealer 
what  the  percentage  of  purity  is,  then  divide  this  per- 
centage into  the  quantity  actually  required  as  estimated 
above  and  multiply  the  result  by  100. 

Tkstixg  Treated  Water 

It  is  well  to  test  the  treated  water  occasionally  to  make 
sure  that  the  treatment  is  correctly  proportioned.  For 
this  purpose  the  following  additional  material  is  needed  : 
About  a  liter  of  standardized  alcoholic  soap  solution  of 
such  strength  that  when  employing  a  200-c.c.  sample  of 
water,  1  c.c.  of  the  solution  will  be  equivalent  to  five 
parts  of  calcium  carbonate  per  100,000  parts  of  water, 
also  about  2  oz.  of  a  weak  solution  of  silver  nitrate. 

The  test  is  conducted  as  follows : 

Partly  fill  an  ordinary  drinking  glass  with  some  of  the 
treated  water  which  it  is  desired  to  test.  Into  this  put  a 
few  drops  of  the  silver  nitrate  solution  and  note  whether 
a  snowy  precipitate  is  formed  or  a  brownish  color  is 
given  to  the  water.  The  snowy  precipitate  is  caused  by 
the  presence  of  carbonates  and  indicates  that  the  quan- 
tity of  lime  should  be  increased.  The  brown  color  indi- 
-cates  an  excess  of  lime. 

Nest  draw  a  fresh  sam])lc  of  exactly  200  c.c.  and  pour 
it  into  a  clean  bottle  of  such  size  that  the  sample  will 
not  more  than  half  fill  it.  Put  some  of  the  soap  solution 
into  the  burette  and  read  the  quantity  as  accurately  as 
•possible.  Next,  I'lin  a  small  quantity  of  the  solution  in- 
to the  bottle  containing  llie  test  sample,  shake  the  bot- 


tle vigorously  for  a  minute  or  two  and  note  whether  a 
lather  is  formed.  Continue  to  add  soap  solution  and 
shake  until  a  lather  is  formed  which  will  cover  the  whole 
surface  of  the  water  when  the  bottle  is  lying  on  its  side 
and  remain  for  five  minutes.  When  this  point  is  reached, 
read  on  the  burette  scale  the  number  of  cubic  centimeters 
of  soap  solution  that  was  used.  This  number  midtiplied 
by  5  roughly  indicates  the  total  hardness  in  equivalent 
parts  of  calcium  carbonate  per  100,000  parts  of  water. 

Finally,  measure  out  another  fresh  sample,  exactly  300 
c.c.  in  quantity,  and  put  this  into  the  23-oz.  porcelain 
dish.  Then,  add  to  the  sample  twj  drops  of  methyl 
orange  and  two  or  three  drops  of  the  phenolphthaleiii. 
Titrate  with  the  standardized  hydrochloric-acid  solution 
and  note  the  number  of  cubic  centimeters  of  the  solu- 
tion required  lo  change  the  red  color  of  the  sample  to 
a  yellow  shade.  Then,  run  in  more  of  the  acid  solution 
and  read  off  the  quantity  required  to  turn  the  yellow  to 
pink.  The  first  reading  multiplied  l^y  10  gives  the 
causticity,  while  the  total  cubic  centimeters  of  the  acid 
solution  used,  multiplied  by  5,  gives  the  alkalinity. 

If  the  total  hardness,  as  shown  by  the  soap  test,  is 
greater  than  the  alkalinity,  it  indicates  insufficient  pro- 
portion of  soda  ash  in  the  treatment.  If  the  total  hard- 
ness is  less  than  the  alkalinity  it  indicates  a  too  great 
proportion  of  soda  ash.  If  the  alkalinity  is  greater  than 
the  causticity  it  indicates  an  insufficient  proportion  of 
lime.  If  the  causticity  is  greater  than  the  alkalinity  it 
indicates  an  excess  of  lime. 

The  method  of  estimating  from  the  results  obtained 
from  the  foregoing  tests,  what  changes  to  make  in  tiic 
quantities  of  lime  and  soda  ash,  is  exactly  the  same  as 
that  employed  in  making  up  the  original  quantities.  To 
illustrate,  if  the  alkalinity  is  greater  than  causticity  by 
1.5  c.c.  of  avid  or 

1.5  X   5  =  7.5  jiart.'!  per  100,000 
tlu'  weight  of  the  lime  supjilicd  pei-  1000  gal.  of  water 
should  be  increased  by 

7.5  x"  0.0467  =  0.35  lb. 

If  it  should  ha])pen  that  the  causticity  was  greater  tlum 
the  alkalinity  by  1.5  c.c,  or  7.5  parts  per  100,000,  then 
the  weight  of  the  lime  supplied  should  be  decreased  by 
0.35  lb.  per  1000  gal.  of  water  treated. 

Othei!  Scalk  I!i-:mi:iiiks 

In  addition  to  the  staple  chemicals  dealt  with  in  this 
sei'ies  many  other  chemicals  or  preparations  have  been 
suggested  and  tried  as  scale  preventives.  Even  such  or- 
dinary products  as  potatoes,  tanbark,  molasses,  etc.,  have 
had  their  supporters.  In  addition,  are  the  many  pro- 
prietary preparations  whicli  have  been  placed  on  the 
market. 

Kent's  "Mechanical  Engineers'  Pocketbook"  states: 
"In  cases  where  water  containing  large  amounts  of 
total  solid  residue  is  necessarily  used,  a  heavy  petroleum 
oil,  free  from  tar  or  wax,  which  is  not  acted  upon  by 
acids  or  alkalies,  not  having  sufficient  wax  in  it  to  cause 
saponification,  and  which  has  a  vaporizing  point  at  nearly 
600  deg.  F.,  will  give  the  best  results  in  preventing  boiler 
scale.  Its  action  is  to  form  a  thin,  greasy  film  over  the 
boiler  linings,  protecting  them  largely  from  the  action 
of  acids  in  the  water  and  greasing  the  sediment  which  is 
formed,  thus  preventing  the  formation  of  scale  and  keep- 
ing the  solid  residue  from  the  evanoration  of  the  water  in 
such  a  plastic  suspended  condition  that  it  can  be  easily 


ected  from  the  boiler  by  the  process  of  tlowing  off.' 
'  the  water  is  not  blown  off  sufficiently  often  this  sedi- 
ent  forms  into  a  'putty'  that  will  necessitate  cleaning 
le  boilers.  Any  boiler  using  bad  water  should  be  blown 
f  every  12  hr." 

At  one  time  kerosene  oil  was  used  somewliat  extensive- 
,  its  action  being  similar  to  that  of  the  heavy  petroleum 
1  mentioned  in  the  foregoing  paragraph.  But  the  fre- 
lency  of  accidents  due  to  carrying  an  open  flame  into 
)ilers  in  which  kerosene  had  been  used  caused  its  use 
I  be  largely  abandoned. 

Eecently,  graphite  has  been  brought  into  prominence 
!  a  scale  preventive  and  many  engineers  will  testify  that 

has  produced  beneficial  results.  Its  action  is  mechani- 
1  rather  than  chemical.  Fed  into  the  boiler  with  the 
ater  at  regular  intervals  and  in  stated  quantities,  it 
nds  to  form  a  coating  on  the  heating  surface  of  the 
)iler  which  prevents  the  scale  from  adhering.  The 
•aphite  also  intermixes  with  the  crystals  of  the  scale- 
-rming  impurities  and  prevents  them  from  cementing 
■lidly  together  so  that  they  exist  only  as  a  sludge  or 
rm  of  mud  w'hich  can  easily  be  blown  out. 

This  series  of  articles  on  feed-water  treatment  has  of 
;cessity  dealt  with  only  the  most  common  of  the  trouble- 
me  impurities  encountered  in  water.  Water  from  some 
etions  contains  many  other  impurities  which  have  not 
!en  discussed  here  because  of  the  difficulty  of  the  an- 
ysis  necessary  to  detect  them.  Some  of  these  cause 
tting  and  corrosion  and  are  really  dangerous  when  neg- 
eted.  In  some  cases  the  nature  of  the  water  may  be 
leh  that  unless  the  treatment  is  very  carefully  planned 
id  executed  the  effects  produced  may  be  as  bad  as,  or 
arse  than,  the  effects  of  the  original  water. 

Taken  as  a  whole  the  subject  of  water  analysis  and 
eatment  is  really  so  complex  as  to  require  the  study  of 
ained  chemical  experts.  Trying  to  diagnose  and  cure 
ed-water  troubles  by  home  methods  and  remedies  is 
uch  like  trying  to  diagnose  and  cure  human  ills  by 
)me  treatment.    It  works  well  enough  when  the  trouble 

simple  and  slight  but  in  the  long  run  it  is  often  safest 
id  cheapest  to  consult  a  good  specialist  who  knows  what 

look  for  and  how  to  prescribe  and  apply  the  remedy. 

Ashes  as  Fuel 

Maschinenbau,  under  the  above  title,  publishes  an  arti- 
e  which  does  not  deal  with  a  nostrum  like  the  cobbler's 
ixture,  which  raised  such  a  commotion  some  years  ago, 
it  points  out  that  the  amount  of  carbon  in  the  ash  taken 
om  a  boiler  is  rarely  less  than  10  to  20  per  cent.,  and 

frequently  much  more,  especially  in  cases  of  forced 
ring.  This  means  a  loss  of  something  like  4,000,000 
ins  of  coal  wasted  per  year  in  the  German  industries. 

process  for  saving  this  is  proposed,  wherein  the  ashes 
■e  placed  in  a  liquid  having  a  specific  gravity  greater 
lan  that  of  the  coal,  but  less  than  that  of  the  ashes,  so 
lat  the  ashes  sink  to  the  bottom  and  the  coal  floats,  both 
;ing  continuously  removed.  In  a  trial  of  the  apparatus 
]0  tons  of  coked  coal  were  recovered  from  2000  tons 
\  ashpit  waste.  Of  this  some  500  tons  were  in  pieces 
'  from  one-quarter  of  an  inch  to  nearly  2  in.  in  size, 
hile  the  rest  was  available  for  briquetting.  The  soot 
irried  over  to  the  tubes  and  back  connection  is  some  60 
-r  cent,  carbon  and  the  ISTew  York  Edison  Co.  is  in- 
;stigating  the  practicability  of  briquetting  it. 


1    OVER  THE  SPILLWAY 

1        JUST      JESTS,      JABS,      JOSHES      AND     JUMBLES 

The  enlightenment  of  China  has  been  further  advanced  by 
the  recent  installation  of  32  electric-lighting  plants.  To  a 
population  of  over  400,000,000,  thirty-tv^^o  plants  is  only  a 
gleam  of  hope,    but   it's  also  a   beginning. 

Mr.  Rockefeller  distributed  glittering  Lincoln  pennies  to 
the  children  attending  the  church  services, — Daily  paper. 

Gol'  ding  it,  John,  one  of  these  fine  days  you'll  go  broke  if 
you  strew  your  vi^ealth  about  so  promiscus.  Ye  ain't  goin'  to 
riz  th'   price   of  ile   on   us,   be   ye? 

Too  many  wage  checks  are  being  cashed  in  saloons,  com- 
plains an  industrialist.  Well,  pay  us  in  cash,  and  we'll  under- 
take  a   more   lavish   distribution   of   our   wealth 

We  should  worry  if  here  and  now  we  did  not  acknowledge 
our  gratitude  to  City  Engineer  Richard  Smedberg,  Stock- 
holm, Sweden,  for  a  copy  of  his  bulletin,  "Engelsksprakig  vilg- 
och  Vattenbyggnadslitteratur."  We  say  all  when  we  say, 
"Tackor  sa  mycket,  Bror  Smedberg." 

How  the  daily  papers  do  slop  over  when  a  new  power 
plant  "approaclies  its  final  completion,"  whatever  that  means. 
Here's  a  case  in  point:  "After  years  of  gigantic  toil  and  the 
expenditure  of  $19,000,000,  this  huge  project,  marking  a  new 
era  in  hydro-electrical  development,  is  consummated.  The 
now  harnessed  forces  will  be  converted  into  100,000  hp.,  and 
the  natural  energy,  once  squandered,  will  now  whirr  the 
wheels  of  industry."  Some  whirr!  We  can  hear  our  chief 
say  :  Give  this  slush  two  lines  of  fact,  and  cut  out  the  bunk!" 

"I  dunno  much,"  said  the  farmer,  "an'  more'n  half  I  know 
ain't  so."  This  listens  like  some  of  the  information  we  get 
when  we  ask  a  company  oflicial  what  caused  the  boiler  ex- 
plosion. 

Suffered  a  terrible  fright  recently  when  a  Denver  dis- 
patch said:  "Pikes  Peak  has  sunk  39  ft.  in  the  last  three 
years."  It  was  a  mistaken  calculation,  reports  the  Geological 
Survey.  Now  we  won't  be  robbed  of  a  favorite  expression, 
"Pikes    Peak    or    bust!" 


W^ater  costs  so  much  in  London  that  the  new  buildings 
over  a  certain  value  have  adopted  the  artesian  ivell,  52  al- 
ready being  operated.  Anybody  got  a  scheme  whereby  the 
sunshine   can   be   bottled   up   and    charged    for? 

Seems  kind  of  peculiar  that  the  Panama  Exposition's  Ma- 
chinery Hall  is  being  built  of  wood?  Its  eight  acres  of  floor 
space  demand  over  7,500,000  ft.  of  lumber.  Wood  is  cheap  on 
the  Coast,  but  when  this  quantity  has  been  carved  out.  it 
will   make  quite  a   hole    in   the   scenery. 

In  New  York  City,  72,000  smokers  asked  the  Public  Ser- 
vice Commission  to  allow  "smokers"  on  the  surface  and  ele- 
vated lines.  And  some  young  ladies  riz  up,  bless  'em!  and 
said:  "Let  the  dear  nxen  smoke;  it  keeps  them  from  grouch- 
ing." A-  medico  said  moderate  smo!<ing  "was  beneficial. 
Looked  like  it  "was  unanimous  until  Doc.  Pease  and  two  other 
old  ladies  made  their  spiel.  This  put  a  crimp  in  the  petition, 
and   we're  still   waiting,    central. 

We  h.ave  been  invited  (along  -with  a  hall-full  of  other 
people)  to  meet  His  Serene  Highness  Albert,  Prince  of  Mon- 
aco; to  learn  about  "the  queen  of  the  white  ants  found  at 
Lake  Hopatcong,"  and  to  visit  an  entomological  society's  mu- 
seum. Thanks!  But —  His  Sereneness  is  not  in  our  set;  we 
have  always  been  sluggish  about  going  to  the  ant,  white,  or 
just  plain  ant,  f,nd —  "Vl^ell.  "we  frankly  nourish  a  prejudice 
against   all    "bugs,"   human    or    the   garden   variety. 

Not  long  since,  consolidation  of  industrial  interests  was 
the  thing  to  do  if  the  stockholders  were  to  get  theirs.  Now, 
some  of  them  have  overdone  it,  and  they're  trying  to  "de- 
centralize" their  overconsolidation.  Bit  off  more  than  they 
could   chew? 


'IllDLT    ii.     i:'XO 
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Accounting  System  for  Electric  Companies 


By  Lieroy  W.  Allison 


SYNOPSIS — A  comprehensive  accounting  system  capa- 
ble of  expansion  or  contraction  to  meet  the  needs  of  the 
larfje  or  small  electric-light  and  power  company.  This 
Kihcdiile  is  hosed  on  the  system  prescribed  by  the  Public 
L'tility  Commission  of  New  Jersey. 

The  value  of  a  nniiurm  accoiiiiting  system  for  electric- 
power  .siatioiis  and  auxiliary  operations  can  hardly  be 
'overestimated.  Present-day  conditions  demand  a  com- 
prehensive and  accurate  system  for  estimating  costs  and 
profit,  and  necessitate  the  abolition  of  antiquated  methods 
that  revert  to  guesswork  and  neglect  vital  elements,  or 
involve  needless  complications  leading  to  uncertain  re- 
sults. It  is  also  important  that  the  system  be  capable 
of  expansion  or  contraction  as  conditions  require  without 
a  revision  in  regular  form  or  order.  Accordingly  in  con- 
sidering such  a  system  it  is  imperative  that  it  afford 
accuracy  in  general  .-chedules,  completeness  in  individual 
classifications,  and  simplicity  for  adaptation  in  whole  or 
in  part. 

The  following  is  based  upon  a  recently  prescribed  uni- 
form system  of  accounting  by  the  State  Board  of  Public 
Utility  Commissioners  of  New  Jersey,  aJid  applies  to  elec- 
tric-light, heat  and  power  industries  in  that  state.  The 
standardization  of  this  system  for  its  purpose  has  been 
effected  by  a  long  period  of  study  and  investigation  of 
numerous  accounting  methods  employed  locally  and  in 
other  sections  of  the  country,  and  of  both  individual  and 
general  application.  No  factor  has  been  neglected  that 
might  tend  to  compose  an  adequate  and  comprehensive 
system ;  one  to  reasonably  and  consistently  apply  to  large 
and  small  interests,  and  provide  real  value  for  individual 
application  and  public-commission  treatment. 

ASSET  ACCOUNTS 


Fixed  Capital  Installed. 

Fixed   Capital.   Tangible   and    Intangible. 

Construction  Work 


(4)     Floating  Capital 


(a)     Materials  and  Supplie 

(  (e) 

(d) 

[rent  Assets.  {  (e) 

(0 


Ca.sh. 

Bills  Receivable. 
Account^'  Receivable. 
Interest  and  Dividends  Re- 


,  (g)      Other  Current  Assets. 


Special    Deposits  I  \^i 

Investments. 
Reacquired  Securities. 
.Sinking  Funds. 
Other  Special  Funds. 


(10)  Prepayments. 

[  (a)      Unamortized  Debt  Discount  and  Expense. 

(11)  Suspense      I  (b)      Property  Abandoned. 

i  (c)     Other  Suspense. 

(12)  Corporate    DeBcit. 

EXPLANATION  OP  ASSET  ACCOUNTS 

(2)  Fixed  Capital.  Tangible  and  Intangible:  That  devoted 
to  other   than   electric   operations. 

(3)  Construction  Work  in  Progress:  Expenditures  upon 
plant  and  equipment  in  course  of  construction,  but  not  yet 
ready  for  service;  upon  completion  of  such  work,  the  cost 
should  be  credited  to  this  account  and  charged  to  the  appro- 
priate   "Fixed    Capital"    or    other   accounts. 

(4)  Floating  Capital,  (a)  Materials  and  Supplies:  Includ- 
ing cost,  with  transportation  charge,  of  all  such  acquired: 
the  salvage  value  of  discarded  equipment,  and  of  equipment, 
materials  and  supplies  returned  to  store,  regardless  of  whether 
to  be  consumed  in  construction  or  in  operation,  or  later  to  be 
sold;  inventories  of  materials  and  supplies  should  be  taken 
at  least  annually,  and  any  shortages  or  overages  credited  or 
debited  to  this  account,  (b)  Current  Assets:  Sub-division,  (c) 
Cash:  Including  such  coming  into  the  possession  of  the  com- 
pany in  which  there  is  a  beneficial  interest;  credit  this  ac- 
count with   all  cash  disbursements  of  company;    (d)    Bills  Re- 


ceivable: Including  the  cost  of  all  negotiable  paper,  as  de- 
mand notes,  drafts,  etc.;  (e)  Accounts  Receivable:  Including 
all  other  than  negotiables;  (g)  Other  Current  Assets:  Includ- 
ing all  such    not    includible   under  any   previous   account. 

(5)  Special  Deposits,  (b)  Other  Special  Deposits:  Includ- 
ing all  moneys  and  bank  credits  deposited  for  other  special 
purposes    not   elsewhere    provided    for. 

(6)  Investments:  Cost  of  all  properties  acquired  not  for 
use  in  present  operations,  but  as  a  means  of  obtaining  con- 
trol of  other  companies,  as  foreign  corporation  stocks,  etc.; 
investments  should  be  classified  as  bound,  those  held  subject 
to  a  lien   of  some   character,   and   free,   those   held   free   of  all 

(9)  Other  Special  Funds:  Including  any  such  owned  or 
held  in  trust  for  specific  purposes  not  elsewhere  provided  for. 

(10)  Prepayments;  Providing  for  taxes,  insurance,  rents, 
etc.,   paid  in  advance  of  the  period  to  which  they  pertain. 

(11)  Suspense,  (c)  Other  Suspense:  Including  all  debits 
not  provided  for  elsewhere,  and  of  uncertain  final  disposition, 
as  expenses  of  preliminary  surveys,  plans,  investigations,  etc., 
of  projects  under  contemplation;  where  any  such  project 
be  later  carried  to  completion,  amounts  so  expended  should 
be  credited  to  this  account,  and  later  charged  to  the  proper 
Fixed   Capital  account. 

(12)  Corporate  Deficit:  To  show  the  debit  balance,  if  any, 
in    the    "Corporate    Surplus    or    Deficit    Account." 

LIABILITY  ACCOUNTS 
(1)     Funded  Debt  Account. 

(a)  Taxes  Accrued. 

(b)  Receiver's  Certificates. 

(c)  Judgments  Unpaid. 

(d)  Interest  Accrui-d. 

(e)  Other  Accructl  Liabihties. 

(f)  Dividends  Declared. 

(g)  Bills  Payable. 

(h)     Advances  from  Other  Companiea. 
(i)       Consumers'  Deposits, 
(j)       Other  Accounts  Payable, 
(k)     Other  Unfunded  Debt. 

Premiums  on  Stocks. 

Other  Permanent  Reserves. 

Contractual  Reserves. 

[  (c)     Accrued     AmoTtiza- 
tion  of  Capital. 
Non-Contractual  I  (d)      Unamortized      Pre- 
Reserves  1  mium  on  Debt. 

(e)     Other  Reqtured  Re- 
t  serves. 

Casualty  and  Insurance  Reserve. 
Other  Optional  Reserves. 


(2)      Unfunded  Debt  Account 


(3)     Permanent  Reserves 


(4)     Temporary  Reserves 


'  (.a) 


.  (b) 


(.5)     Optional  Reserves 

(6)  Caital  Stock  .\ccounts, 

(7)  Corporate  Surplus. 

EXPLAN,\TION    OF    LIABILITY    ACCOUNTS 

(1)  Funded  Debt  Account:  To  be  divided  into  classes,  such 
classes  being  determined  by  the  four  characteristics:  Mort- 
gage or  other  lien  or  security  therefor;  rate  of  interest;  in- 
terest dates,  and  date  of  maturity.  Account  to  include  "De- 
bentures," as  promissory  notes  unsecured  by  mortgage  or 
other  lien,  and  such  securities  commonly  known  as  "plain 
bonds." 

(2)  Unfunded  Debt  Account,  (e)  Other  Accrued  Liabili- 
ties: Including  liabilities  not  elsewhere  provided  for,  partic- 
ularly those  accruing  from  day  to  day,  but  not  becoming  due 
until  a  certain  date,  as  interest,  rent,  taxes,  etc.;  (h)  Ad- 
vances from  other  companies;  Such  advances  as  may  be  re- 
ceived to  pay  for  construction  or  additions  and  betterments 
to  the  plant  and  equipment,  or  for  any  other  purpose:  (j) 
Other  Accounts  Payable:  Open  accounts  to  miscellaneous 
creditors  as  not  elsewhere  provided  for:  (k)  Other  Unfunded 
Debt:  Including  all  unfunded  debt  of  the  company  not  other- 
wise  provided   for  by  this   schedule. 

Permanent  reserves  are  those  that  must  be  maintained 
intact  during  the  life  of  the  company;  temporary  re- 
serves are  those  not  intended  to  remain  intact  during  the 
life  of  the  company.  Contractual  reserves  are  those 
necessitated  by  contracts  of  the  company,  such  as  to  cover 
sinking  funds  provided  for  in  mortgages,  and  the  like. 
Non-contractual  reserves  are  those  of  a  temporary  nature, 
raised  without  being  required  under  any  contract. 

(3)  Permanent  Reserves,  (b)  Other  Permanent  Reserves: 
All  reserves  not  otherwise  provided  for,  created  to  remain 
intact    during   the   life   of   the    company. 

(4b)  Noncontractual  Reserves,  (c)  Accrued  Amortization 
of  Capital:  Providing  for  the  crediting  of  such  amounts  as  are 
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Overhead  Distribution  System. 

Edison  Tube  System. 

Other  Underground  Distribution  Syste 


charged  from  time  to  time  to  "Operating  Expenses,"  or  other 
accounts,  to  cover  depreciation  of  plant  and  equipment,  and 
other  amortization  of  fixed  capital,  (d)  Unamortized  Premium 
on  Debt:  To  include  the  excess  of  cash  value  received  over 
the  sum  of  par  value  of  securities,  or  other  evidence  of  in- 
debtedness and  the  accrued  interest,  (e)  Other  Required  Re- 
serves:  Including  all   reserves  not  elsewhere  provided   for. 

(6)  Capital  Stock  Accounts:  To  include  a  separate  ac- 
count for   each  class  of  stock  issued. 

(7)  Corporate  Surplus:  To  show  the  credit  balance,  if  any, 
in  the  "Corporate  Surplus  or  Deficit  Account." 

FIXED-CAPITAL  ACCOUNTS 

(I)  Land  Devoted  to  Electric   Operations. 
Organization. 
Franchi.ses. 
Patent  Rights. 

Other  Intangible  Electric  Capital. 
General  Structures. 

f  (a)     General  Office  Equipment. 
^  ,  ^      ■    „      *    J  (b)      General  Shop  Equipment. 

General  Equipment      ,^,     General  Store  Equipment. 

[  (d)     General  Stable  Equipment. 
Dama,  Canals  and  Pipe  Lines. 
Power  Plant  Buildings. 
(10)   Furnaces,  Boilers  and  Accessories. 

(II)  Steam  Engines. 

(12)  Turbines  and  Water  Wheels. 

(13)  Gas  Producers  and  Accessories. 

(14)  Gas  Engines. 

(13)  Electric  Generators. 

(16)  Accessory  Electric  Power  Equipment. 

(17)  Miscellaneous  Power  Equipment. 

(18)  Substation  Buildings. 

(19)  Substation  Equipment. 

(20)  Poles  and  Fixtures. 

(21)  Underground  Conduits. 

(22)  Transmission  System. 

(a) 

(23)  Distribution  System  {  (b) 

1(c) 

(24)  Line  Transformers  and  Devices. 

(25)  Electric  Services. 
(2fi)   Electric  Meters. 

(27)  Electric  Meter  Installation. 

(2S)  Municipal  Street-Lighting  System. 

(29)  Commercial  Arc  Lamps. 

(30)  Glower  Lamps. 

(31)  Electric  Motors  and  Heaters. 

(32)  Electric  Tools  and  Implements. 

(33)  Electric  Laboratory  Equipment. 

(34)  Other  Tangible  Electric  Capital. 

(35)  Engineering  and  Superintendence. 

(36)  Law   Expenditures   during   Construction. 

(37)  Injuries  during  Construction. 

(38)  Taxes  during  Construction. 

(39)  Miscellaneous  Construction  Expenditures. 

(40)  Interest  during  Construction. 

EXPLANATION    OF    FIXED-CAPITAL    ACCOUNTS 

(1)  Land  Devoted  to  Electric  Operations:  Including  land 
occupied  by  generating  stations  and  their  appurtenances; 
rights  of  way  for  transmission  and  distribution  lines,  and 
other  electric  operations;  rights  of  way  for  canal  and  pipe 
lines,   water    rights   of   pondage,    flowage   and    submersion. 

(2)  Organization:  Cost  of  organizing  company,  and  all 
other   costs    incident    thereto. 

(3)  Franchises:  Including  the  amount  (exclusive  of  any 
tax  or  annual  charge)  actually  paid  as  the  consideration  of 
such  franchise   or  franchises. 

(4)  Patent  Rights:  Including  cost  of  all  rights  acquired 
by  the  company  in  or  under  valid  patents  granted  to  inventors 
for  inventions  and  discoveries  which  are  necessary  to  the 
economical   conduct  of  the  company's   electric   operations. 

(5)  Other  Intangible  Electric  Capital:  Including  the  cost 
of  all  other  property  coming  within  the  bounds  thereof  and 
devoted   to  electric  operations. 

(6)  General  Structures:  Embracing  the  cost  of  all  build- 
ings of  a  permanent  nature  devoted  to  general  corporate 
purposes,  as  general  office  buildings,  general  shops,  general 
storehouses,   etc. 

(7)  General  Equipment,  (b)  General  Shop  Equipment:  To 
include  furnaces,  boilers,  gas  producers,  engines,  electric  gen- 
erators, and  other  power  apparatus  used  for  the  operation  of 
machinery  in  shops;  machine  tools,  cranes,  hoists,  shafting, 
belts  and  other  shop  equipment. 

(S)  Dams,  Canals  and  Pipe  Lines:  Including  the  cost  of 
all  such  devoted  to  the  utilization  of  water  power  and  de- 
livery of  the  water  to  the  headgate  of  turbine  or  water  wheel: 
all  wasteways  from  the  outlet  of  draft-tube  to  the  point  of 
final    discharge;   gates,    valves   and   other   accessories. 

(16)  Accessory  Electric  Power  Equipment;  Including  the 
cost  of  all  electric  equipment  not  included  in  other  accounts, 
as  busbars,  regulators,  station  switchboards  and  equipment, 
circuit-breakers,  switches,  ammeters,  voltmeters,  wattmeters, 
and  the  like:  also,  headgate  motors,  pump  motors,  air-com- 
pressor motors,  etc..  and  special  high-tension  transmission 
equipment  at  power  stations. 

(17)  Miscellaneous  Power  Equipment:  To  include  the  cost 
of  all  miscellaneous  equipment  not  included  in  other  accounts, 
as    belts,    hangers,    countershafts    and    other    apparatus    inter- 


mediary between  the  prime  mover  and  the  electric  generator, 
craiies,    hoists,    machine    tools,    etc. 

(19)  Substation  Equipment;  Including  the  cost  of  all 
electric  machinery  and   apparatus,   and   general  equipment. 

(22)  Transmission  System;  To  include  the  cost  of  all 
cables,   wires,    insulators   and   insulating   material. 

The  traDsmission  system  is  classed  as  that  portion  of 
the  outside  line  or  conductor  system  preceding  the  point 
of  voltage  reduction  or  other  change,  as  when  the  electric 
energy  generated  (or  received  from  another  company)  is 
conducted,  either  at  the  voltage  of  generation  or  at  ;i 
higher  voltage,  to  a  point  where  it  is  lowered  in  volt;i- 
by  means  of  step-down  transformers,  or  changed  as  in 
kind  and  frequency  by  means  of  motor-generator  .-iets. 
rotary  converters,  or  frequency  changers.  Primary  wir- 
ing, however,  in  lighting  systems  at  not  to  exceed  -l-iOO 
volts,  four-wire,  thre6-phase,  is  classed  as  a  part  of  tliu 
distribution  .system ;  tie-lines  between  generating  sta- 
tions and  substations  follow  a  like  rule.  Line  transform- 
ers are  not  included  with  the  above-mentioned  "ste])- 
down  transformers." 

(23)  Distribution  System,  (a),  (b)  and  (c):  To  include  th. 
cost  of  all  distributing  main  conductors  and  feeders;  all 
cables,    wires,    insulators   and    insulating   material. 

(25)  Electric  Services;  To  include  the  cost  of  all  conduc- 
tors and  equipment  used  in  connecting  the  distribution  mains 
to  render  service  to  consumers.  When  consumers  are  required 
to  pay  all  or  part  of  cost  of  such  service  connections,  only 
that  portion  of  cost  not  chargeable  to  the  consumer  should 
be  charged  to  this  account;  cost  of  renewing  or  modifying 
services  is  not   included. 

(28)      Municipal  Street-Lighting  System:  Including  the  cost 
of  all  property  of  the   company  specially   provided   for  strcft 
lighting;   not  to  include   any  part  of  general  distribution  s>  ^ 
tern,    but    any    particular    apparatus    in    the    utilization    pl;ini 
devoted   to   the  municipal   service. 

(30)  Glower  Lamps;  Including  the  cost  of  all  such  sup- 
plied to  consumers,  as  well  as  municipal  buildings,  wht-r*- 
there  is  an  expectancy  of  life  in  service  of  more  than  one 
year. 

(31)  Electric  Motors  and  Heaters:  Including  the  cost  of 
all  such  property,  and  appurtenances  thereof  as  fans,  etc., 
leased   to    consumers. 

(34)  Other  Tangible  Electric  Capital:  Providing  for  all 
such   not   otherwise   included   in  accounts   in   this  schedule. 

(35)  Engineering  and  Superintendence;  To  include  all  ex- 
penditures for  such  services  on  preliminary  and  con.«truction 
work  when  such  disbursements  cannot  be  charged  to  specific 
construction. 

(37)  Injuries  during  Construction;  Including  all  expendi- 
tures incident  to  injuries  of  all  classes  to  persons  when  caused 
directly  in  connection  with  construction  of  electric  plant  and 
equipment. 

(39)  Miscellaneous  Construction  Expenditures  to  include 
the  salaries  and  expenses  of  executive  and  general  officers, 
clerks  and  the  like,  of  the  electric  plant  while  under  con- 
struction; also  all  construction  and  equipment  items  of  a  spe- 
cial and  incidental  nature  not  properly  chargeable  to  other 
accounts    in    this    schedule. 

The  foregoing  accounts,  comprising  the  three  schedules, 
"Asset  .Accounts,"  "Liability  Accounts"  and  "Fixed  Capi- 
tal Accounts,"  may  be  defined  in  general  as  the  "balance 
sheet"  or  "indicant  accounts."  The  balances  of  such  at 
any  particular  time  will  show  the  current  conditions  of 
a  company's  affairs,  so  far  as  such  conditions  may  be 
shown  through  accounts.  These  three  schedules  with 
their  .subsidiary  clas.=ifications,  represent  additionally  the 
main  accounts  of  a  company  prior  to  its  period  of  activity 
as  a  "going  concern." 

Commencing  with  active  operation,  a  second  schedule 
of  accounts  in  which  to  classify  the  accounting  history 
of  the  various  changes  of  growth  and  conditions  is  neces- 
sitated. This  schedule  may  be  termed  in  general  the 
"income  account,"  comprising  a  group  of  accounts  which 
being  usually  made  up  on  a  yearly  basis  and  closed  into 
one  grand  account  of  "Corporate  Surplus  or  Deficit,"  ties 
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together  both  schedules,  viz. :  Indicant  and  Income  Ac- 
counts. 

The  income  account  may  likewise  be  divided  into  three 
general  schedules,  as:  General  revenue  account,  operating 
revenue  accovmt,  and  operating  revenue  deductions  or 
operating  expense  account.  These  schedules  with  their 
general  divisions  and  subdivisions  will  accordingly  be  con- 
sidered in  this  regular  order : 

GENERAL  REVENUE  ACCOUNTS 

(1)  Rents  Accrued  from  Lease  of  Electric  Plant. 

(2)  Miscellaneous  Rent  Revenues  (  !■;)   k^'l'^S'fl,  R«rf°",?„ 


(b)   Other  Rent  Revenues. 

(a)  Interest  from  Investments. 

(b)  Interest  from  Other  Sources. 


(3)  Interest    Revenues 

(4)  Dividend  Revenues. 

(5)  Miscellaneous  Non-Operating  Revenues. 


(6)    Non-Operating  Revenue  Deductions 


(7) 
(8) 
(9) 

(10) 


(12)      .Amortization   Deduction.s 


(o)  Dividend  Ex- 
pense. 

(d)  Miscellaneous 
Non-Operat- 
ing Expense. 

(e)  Non-Operat- 
ing Taxes. 

<0   Uncollectible 
Non-Operat- 
ing Revenues. 
Interest  Accrued  on  Funded  Debt. 
Other  Interest  Deductions. 
Rent  for  Lease  of  Other  -Electric  Plant  and  Equipment. 

f  (a)    Joint  Farilitv  Rents. 
Miscellaneous  Rent  Deduction.s     (b)    Miscellaneous     Rent 
I  Deductions. 

[  (a)   Sinking  Fund  Accruals. 

(b)  Guarantee     of     Periodic 
I  Payments. 

(c)  Loss     on     Operations    of 
Others. 

(d)  Other    Contractual     De- 
ductions from  Income. 

(a)  Amortization   of    Landed 
Capital. 

(b)  Amortization      of      Debt 
Discount  and  Expen.se. 

(c)  Amortization  of  Premium 
I  on  Debt. 

Bad  Debts  Collected. 
Other  Additions  to  Surplus. 
Expenses   Elsewhere   Unprovided   For. 
Dividends  on  Outstanding  Stocks. 

!(a)   Amortization  Elsewhere  Unpro- 
vided For. 
(b)   Appropriations  to  Reserve, 
(c)    Ciifts  to  Controlled  Corporations, 
(d)   Other  Appropriations. 
Bad  Debts  Written  Off. 
Other  Deductions  from  Surplus. 

EXPLANATIONS   OF   GENERAL   REVENUE    ACCOUNTS 

(1)  Rents  Accrued  from  Lease  of  Electric  Plant:  To  in- 
clude all  revenues  from  the  company's  interest  in  the  electric 
plant  or  equipment  held  by  others  under  some  form  or  lease 
whereby   it   surrenders   possession    of  such   property. 

(2)  Miscellaneous  Rent  Revenues,  (a)  Leasehold  Reve- 
nues; Including  all  revenues  fi-orn  any  lease  of  term  greater 
than  one  year,  (b)  Other  Rent  Revenues:  Including  all  rev- 
enues from  any  lease  or  contract  of  entire  term  not  exceedinj^ 
one  year,  or  which  is  held  at  will  or  upon  sufferance. 

(5)  Miscellaneous  Non-operating  Revenues:  To  include  all 
such   accruing  to  the   company   not   elsewhere  provided  for. 

(fi)  Non-operating  Revenue  Deductions,  (a)  Rent  Ex- 
pense: To  include  all  expense  arising  in  connection  with  the 
procuring  of  revenues  leased  to  others,  as  cost  of  negotiating 
contractors',  collector's  commissions,  etc.  (d)  Miscellaneous 
Non-operating  Expense:  Including  all  such  non-operating  ex- 
penses not  otherwise  provided  for.  (e)  Non-operating  Taxes: 
Including    all    taxes    accruing    upon    non-operating    property. 

(8)  Other  Interest  Deductions:  To  include  all  interest  ac- 
crued on  receiver's  certificates  and  on  all  interest  bearing 
unfunded    obligations   of  the   company. 

(10)  Miscellaneous  Rent  Deductions,  (a)  Joint  Facility 
Rents:  To  include  profit  or  return  upon  any  plant  or  equip- 
ment when  such  is  maintained  or  operated  by  another  com- 
pany for  the  joint  benefit  of  both  companies,  and  under  a 
Joint  arrangement  for  sharing  the  expense,  (b)  Miscellaneous 
Rent  Deductions:  To  include  all  miscellaneous  rents  payable 
not    otherwise   provided    for. 

(11)  Miscellaneous  Deductions  from  Income,  (c)  Loss  on 
Operations  of  Others:  To  include  all  liabilities  accruing  to  the 
company  through  the  terms  of  any  contract  whereby  it  is 
bound  to  contribute  toward  reimbursement  of  losses  resulting 
from  the  operations  of  others,  (d)  Other  Contractual  Deduc- 
tions from  Income:  To  include  all  contractual  liabilities  not 
else^vhere    provided    for. 

(12)  Amortization  Deductions,  (a)  Amortization  of  Landed 
Capital:  Including  such  proportion  of  original  money  cost  of 


landed  capital  as  is  necessary  to  cover  the  proportion  of  life 
thereof  expired  through  the  respective  period  of  accounting, 
(b)  Amortization  of  Debt  Discount  and  Expense:  Including 
that  proportion  of  the  unamortized  discount  and  debt  ex- 
pense on  outstanding  debt  applicable  to  the  respective  period. 

(14)  Other  Additions  to  Surplus:  Providing  for  the  credit- 
ing of  all  additions  to  surplus  because  of  erroneous  account- 
ing in  prior  fiscal  periods,  and  all  other  additions  not  else- 
where   assignable    to    specific   accounts. 

(15)  Expenses  Elsewhere  Unprovided  For:  To  include  all 
expenses  not  chargeable  to  other  accounts,  such  as  fines  levied 
on    the   company,    donations   to  funds,   etc. 

(17)  Miscellaneous  Appropriations,  (d)  Other  Appropria- 
tions: To  include  all  optional  appropriations  made  by  the 
company  not  elsewhere  provided   for. 

(19)  Other  Deductions  from  Surplus:  Including  all  de- 
ductions from  surplus  because  of  erroneous  accounting  in 
prior  fiscal  periods,  and  all  other  deductions  not  otherwise 
provided   for. 

OPERATING-REVENUE   ACCOUNTS 

(1)  Municipal  Street^Lighting — Arc. 

(2)  Municipal  Street-Lighting — Incardescent. 

(3)  Commercial  Flat  Rate  Lighting. 

(4)  Conmiercial  Flat  Rate  Power. 

(5)  Coil, n,. ■in:, 1    M,.t,-red   Lighting. 

(6)  C.,i,,„H-,-,:,l  M.  i.red  Power. 

(7)  Sal,'  "I  ('lifi,  II,   {,,  Railway  Companies. 

(8)  Sal,-  ,,1  ('iMMhi  (,,  Other  Electrical  Companies. 

(9)  Rent  .jf  El,-rlric  Appliances. 

(10)  Electric  Merclinndi.se  and  Jobbing  Revenue. 

(11)  .Joint  Electric   Rent  Revenue. 

(12)  Other  Miscellaneous  Electric  Revenue. 

(13)  Sale  of  Steam. 

EXPLANATION  OF  OPER.^TING-REVENUE  ACCOUNTS 
(S)  Sale  of  Current  to  Other  Electrical  Companies:  To  in- 
clude all  revenues  derived  from  the  sale  of  electric  energy  to 
other  electrical  companies,  to  be  distributed  over  their  own 
lines  to  consumers,  or  portion  thereof  appropriated  for  their 
own   benefit   whether   for  light,   heat   or   power. 

(10)  Electric  Merchandise  and  Jobbing  Revenue:  Includ- 
ing all  receipts  from  the  sale  of  electric  merchandise,  and 
from  electric  jobbing. 

(11)  Joint  Electric  Rent  Revenue:  To  include  the  profit  or 
return  upon  property  when  a  company  engages  in  electric 
operations  for  the  production  of  some  of  its  product  for  the 
benefit  of  another  or  others,  under  an  arrangement  for  ap- 
portioning the  expense;  such  profit  or  return  credited  to  be 
over  and  above  any  provision  for  wear  and  tear  and  deprecia- 
tion  of  the   particular   plant. 

(12)  Other  Miscellaneous  Electric  Revenue:  To  Include  all 
revenues  derived  from  electric  operations  not  included  in  any 
of  foregoing  accounts. 

OPERATING-EXPEN.SE  ACCOU.NTS. 
I.  Production  Expenses. 


(4)      Repairs  to  Station  Buildings. 


1(a)      Station  Superintendence  and  Care, 
(b)      Boiler  Labor, 
(c)     Producer  Labor, 
(d)      Engine  Labor, 
(e)     Electric  Labor. 
Fuel  for  Steam. 
Fuel  for  Producer  Gas. 

(  (a)     Water  for  .Steam  Power  and  Gas. 
(b)     Water  for  Hydraulic  Power. 
m  .Supplies    |  (c)      Lubricants  for  Power. 
5es  j  (d)      Production  Supplies. 

Station  Expense. 


(9) 
(10) 
(U) 
(12) 
(13) 


(14) 
(15) 
(16) 
(17) 


(a)  Boilers  and  Furnaces. 

(b)  Boiler  Apparatus. 

(c)  Steam  Accessories. 

(d)  Reciprocating  Engines. 
I  (e)   Steam  Turbines. 
[  (f)   Mechanical  Apparatus. 

Repairs  to  Hydraulic  Equipment  (  Jg  ^^Zn?s''l'^d  ^'^i^el^Vi^,^ 

(a)  Gas  Producers  and  Acce 

(b)  Gas  Engines. 

(a)  Electric  Generators. 

(b)  Accessory  Electric  Equipment. 

(a)  Tools  and  Implements. 

(b)  Miscellaneous  Station  Equipment. 


(5)      Repairs  to  Steam  Equipment 


(7)  Repairs  to  Gas  Power  Equipment 

(8)  Repairs  to  Electric  Equipment 


Miscellaneous  Station  Repai: 
Steam  from  Other  Sources. 
Power  Gas  from  Other  Sources. 
Electric  Energy  from  Other  Sources. 
Joint   Production    Expenses — Credit. 

II. — Transmission  Expenses. 

Substation  Wages. 
Substation  Supplies  and  Expenses. 
Repairs  to  Substation  Buildings. 
Repairs  to  Substation  Equipment. 

[  (a)   Repairs  to   Transmission   Poles  and 
Fixtures, 
(b)   Repairs    to    Overhead   Transmission 

Repairs  to  Transmission  Lines     („,   ReSi?s''"to°Underground   Transmis- 

[  sion  Conduits, 

(d)   Repairs  to   Underground  Transmis- 

(  sion  Conductors. 

Joint  Transmission  Expenses — Credit. 
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HI. — Electric  Storage  Expenses. 


(20)     Electric  Storage  Expenses 


[  (a)  Storage  Battery  Labor. 

I  (b)  Storage  Battery  Supplies. 

\  (c)  Storage  Battery  Renewals, 

(d)  Rt.  "^airs  to  Storage  Battery  Accessories 


IV. — Distribution  Exutnses. 


Distribution  Wages     v  /Li    ■^/^■- 
Distribution  Office  Expense. 


(23)     Repairs  to  Distribution  Lines 


Repairs  to  Electric  Services. 

Transformer  Maintenance  I  <?>  Ifl""?.''"''^! 


(a)  Repairs    to    Distribution    Poles    and 

Fixtures. 

(b)  Repairs     to     Overhead     Distribution 

Conductors. 

(c)  Repairs  to  Underground  Distribution 

Conduits. 

(d)  Repairs  to  Underground  Distribution 

Conductors. 


(26)      Meter  Maintenance 


ing  Transformers. 
.  (b)   Repairs  to  Transformers. 
f  (a)   Setting  and  Removing  Meters. 
I  (b)   Meter  Expense. 
[  (c)   Repairs  of  Meters. 

V. — Utilization  Expenses. 


f  (a)  Commercial  Arc  Lamp  Expense. 

(27)    Commercial  Arc  Lamp  Maintenance  i  (b)  Repairs     to     Commercial     Arc 
l  Lamps. 

Commercial   Incandescent   Lamps. 


(2S) 
(29) 
(30) 


(a)   Inspection  of  Consumers'  Prem- 


Consumers*  Installation  Expenses 


(b)   Repairs  to  Consumers'   Installa- 

1-  J  (a)   Municipal  Street  Arc  Operation. 
\  (b)    Municipal    Street    Arc    Repairs. 

(a)  Municipal  Street  Incandescent  Oper- 

tion. 

(b)  Municipal   Street   Incandescent   Re- 

pairs. 


VI. — Commercial  Expenses. 


(32)     Commercial  Administration 


f  (a)   Com^mercial  Department  Indexing. 

(b)  Commercial  Department  Collecting. 

(c)  Commercial   Department  Contracts. 

(d)  Commercial  Department  Accounting. 

,  (e)   Commercial  Department  Miscellaneous. 


VII. — New  Business  Expenses. 

Promotion  Office  Expenses 
Advertising 


'  (a)   Promotion  Management. 
[  (b)   Demonstrations. 
[  (c)   Promotion  Office  Expense 
(a)   Advertising  Salaries  and  Expenses. 
^  (b)   Advertising  Sundries. 
Canvassing  and  Soliciting. 
Promotion  Wiring  and  Devices  (  <^,  H'^^'^fZ  lU^l 


Sala 


(b)   Promotion  Signs  and  Dev 
VIII. — General  and  Miscellaneous  Expenses. 

and  Expenses  of  General  Offici 


Salaries  and  Expenses  of  General  Office  Clerks. 

General  Office  Supplies  and  Expenses. 

General  Law  Expenses. 

Miscellaneous  General  Expenses. 

Insurance. 

Relief  Department  and  Pensions. 

Electric  Franchise  Requirements. 

[  (a)   Accidents  and  Damages. 
Injuries  to  Persons  and  Property  I  (b)    Law    Expenses     Connected 

[  ■    Damages. 

Stationery  and  Printing. 

store  and  Stable  (or  Garage)  E,=penses  (  '^>   ISll'^S^"^!; 


^liscellaneoua  Adjustments       -j 
— Balance  I 

Repairs  of  General  Structures. 
General  Amortization. 

Uncollectible  Electric  Bills. 


,  (b)   Stable  Expenses. 

(a)  Inventory  Adjustments — Balance. 

(b)  Discounts  on  INIaterials  and  Supplies. 

(c)  Duplicate  Electric  Charges — Credit. 


EXPLANATION  OF  OPERATING-EXPENSE  ACCOUNTS 
(3)  Other  Station  Supplies  and  Expenses,  (e)  Station  Ex- 
pense: To  include  general  and  miscellaneous  expenses  in  gen- 
erating- plant  not  specifically  chargreable  under  other  heads, 
such  as  lighting,  heating  and  cleaning  systems,  fire-protection 
system,    telephone,   etc. 

(5)  Repairs  to  Steam  Equipment,  (f)  Mechanical  Appar- 
atus; Including  apparatus  auxiliary  to  prime  movers,  such  as 
condensers,  packing  tubes,  renewing  tubes,  and  pumps,  oiling 
systems,   etc. 

(10)  Miscellaneous  Station  Repairs,  (b)  Miscellaneous  Sta- 
tion Equipment:  To  include  particularly  power  transmission 
equipment  and  the  like,  as  shafting,  belting  and  clutches; 
motors,    hoists,    cranes,    etc. 

(11)  Steam  from  Other  Sources:  Including  the  cost  of  all 
purchased  or  jointly  produced  steam  consumed  in  the  power 
plant    of   the    electric    department. 

(13)  Joint  Production  Expenses — Credit;  Providing  for  the 
crediting  of  the  portion  of  production  expenses  chargeable 
to  other  companies  when  any  'plant  or  equipment  is  main- 
tained or  'operated  by  the  accounting  company  for  the  joint 
benefit  of  itself  and  others,  under  an  arrangement  for  ap- 
portioning the  operating  expenses.  The  portion  so  credited 
should  not  include  any  allowance  for  profit  or  return  upon 
the   value  of  the  property. 

(19>  Joint  Transmission  Expenses — Credit:  Providing  for 
a   similar    crediting   as    under    (13). 


(22)  Distribution  Office  Expense:  To  include  the  cost  .if 
all  supplies  and  expenses  of  the  office  of  the  superintendent 
of  the  distribution  department;  maps,  records,  etc.,  of  over- 
head and  underground  lines,  cost  of  drawing  materials,  and 
the   like. 

(24)  Repairs  to  Electric  Services;  To  Include  the  cost  '■( 
repairing  underground  and  overhead  services  leading  from 
mains    to    consumers'    premises. 

(32)  Comn.ercial  Administration,  (e)  Commercial  Depart- 
ment Miscellaneous;  To  include  all  expenses  incurred  in  sell- 
ing electric  power  and  products,  and  other  items  not  includ.-'l 
under  classifications  in  commercial  expenses  or  rew  busiii's.'^ 
expenses. 

(41)  Miscellaneous  General  Expenses:  Including  the  co.st 
of  telephone  and  telegraph  service,  and  other  miscellaneous 
expenses  connected  with  the  general  management  not  pro- 
vided  for  elsewhere. 

(44)  Electric  Franchise  Requirements:  Including  the  cost 
of  electric  energy  and  other  materials  and  supplies  furnish'-d 
to  municipal  corporations  in  compliance  with  franchise  <<■- 
quirements,    for    which    no   payment   is    received. 

(48)  Miscellaneous  Adjustments — Balance,  (c)  DupliiMi.- 
Electric  Charges;  Providing  for  the  crediting  of  all  char^'  .s 
made  to  any  accounts  in  electric  operating  expenses  for  tl.M  - 
trie  energy  or  other  product  of  electric  operations  consuni.-fl 
in   such  operations. 

(50)  General  Amortization:  To  include  charges  to  cov.-r 
such  "w^ear  and  tear  and  obsolescence  and  inadequacy  as  h:i\'' 
accrued  during  the  period  in  the  tangible  electric  capital  of 
the  company,  and  such  portion  of  the  life  of  intangible  fixed 
capital    as   has    expired    or   been    consumed    during   the    period. 

(52)  Uncollectible  Electric  Bills:  Providing  for  the  chavc- 
ing  of  amounts  for  electric  service,  etc.,  found  impracticable 
of  collection;  upon  such  entry,  the  sum  should  be  credited  to 
the  account   receivable   in   which   it   was   heretofore  carried. 

Absorption  of  Machine  Vibrations 

By  Dr.  Roi!K1!T  Grijishaw 

.  In  these  days  of  "'rattle  aiul  row"  it  is  refreshing  to  find 
a  society  for  the  prevention  of  both — not  a  philanthropic 
association,  but  a  business  organization  which  has  treated 
the  problem  from  the  technical  and  commercial  points 
of  view,  and  deliberately  worked  out  methods  and  appli- 
ances for  the  various  cases  which  have  been  presented  to 
it,  or  which  in  the  very  nature  of  things  liave  presented 
themselves. 

The  "Company  for  the  Prevention  of  Xoise  and  Vibra- 
tion," of  Berlin,  has  taken  up  this  work  which  the  in- 
creasing size  and  speed  of  machines  has  rendered  so  acute ; 
"suiting  the  punishment  to  the  crime" ;  using,  among 
other  methods  and  mediums,  cork  reinforced  with  iron, 
slabs  of  compressed  woven  materials,  and  a  special  ma- 
terial which  the  company  has  named  "Silenz,"  for  damp- 
ing aerial  sound  waves,  for  use  in  music  rooms,  telephone 
cells,  etc. 

As  regards  the  reduction  of  machine  vibrations  through 
the  foundation ;  it  is  not  enough  to  separate  the  machine 
(as,  for  instance,  an  unbalanced  steam  engine),  from  the 
surrounding  walls  by  an  air  space,  as  the  earth  on  which 
the  foundation  rests  is  elastic.  So  called  sound-proof 
iloors  arc  also  insufficient;  as  often,  on  account  of  their 
double  construction,  they  act  as  sounding  boards  and  in- 
crease the  noise.  Elastic  material  under  the  foundation 
does  not  prevent  the  vibrations  being  carried  by  the 
foundation  bolts;  even  where  the  machines  are  not  bolted 
down,  it  is  in  few  cases  sufficient  to  set  them  on  cork  or 
on  similar  inelastic  material,  as  this  is  apt  to  be  non- 
homogeneous  and  its  elastic  limit  is  liable  to  be  exceeded 
locally ;  so  that  the  very  portions  which  carry  the  most 
weight  will  act  inelastically  and  transmit  the  vibrations. 

The  methods  of  the  company  consist  principally  in  tak- 
ing up  the  vibrations  in  a  construction  or  appliance  where 
they  are  neutralized  by  friction.     For  instance,  the  foot 
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K,  Fig.  1,  of  a  machine  is  connected  by  a  stud  bolt  S 
with  a  vibration  plate  P  which  hangs  on  three  rods  A,  B, 
and  C ,  the  tension  of  which  latter  is  so  regulated  by  nuts 
that  they  can  carry   the  weight  of  the  machine.     The 


Section  A-B 

Fig.  1.    Plan  and  Sectional  Elevation 

Vibration-Absokbinct  Device 

stresses  in  the  rods  are  taken  up  by  the  nuts  and  a  pres- 
sure plate  D,  and  transmitted  to  a  series  of  elastic  layers 
N,  and  further  to  a  support  0,  which  is  fastened  to  the 
foundation  or  floor  by  bolts  F.  Between  the  vibration 
plate  P  and  the  support  0  there  is  an  elastic  layer  E, 
which  damps  that  portion  of  the  vibrations  that  exist 
above  the  center  of  gravity.     As  this  portion  is  much 


Fig    2     Perm  i  i 
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less  than  the  other,  this  second  elastic  layer  may  be  thin- 
ner than  N ;  L  \r  soft-metal  plate. 

Fig.  3  shows  the  construction  as  adapted  to  taking  up 
not  only  vertical  but  also  horizontal  vibrations,  and,  con- 
sequently, compound  ones,  such  as  elliptical  vibrations. 

In  the  case  of  electro  motors  (and  especially  of  those 


for  rotating  })hase  currents)  it  is  often  difficult  to  dis 
tinguish  if  the  vibrations  are  carried  by  the  air  or  by  thi 
foundation.  The  Siemens-Schuckert  works  have  alread; 
supplied  over  100  of  their  motors  with  quieters  of  thi 
system  described.  In  the  German  navy,  the  motor-gen 
erator  transformers  are  similarly  insulated. 

Iron  beams  and  girders  are  insulated  by  completel; 
covering  them  with  plates  of  a  special  material  which  pre 
serves  its  elasticity,  without  getting  hard  under  the  weigh 
resting  thereon. 

Rushing  Work  on  Panama  Expositior 

It  has  officially  been  announced  that  all  of  tiie  mail 
exhibit  palaces  of  the  Panama-Pacific  International  Ex 
position  will  be  completed  nine  months  before  Feb.  30 
1915,  the  opening  day;  some  of  the  buildings  will  bi 
completed  even  earlier.  This  announcement,  followin; 
the  promise  of  the  management  made  more  than  om 
year  ago  that  the  exposition  would  be  completed  nin( 
months  before  the  opening  day  and  that  the  exhibi 
palaces  would  be  built  upon  a  definite  schedule,  confirm 
all  that  was  said  before.  The  preparations  are  furthe 
advanced  today  than  were  those  of  any  other  Internationa 
exposition  at  a  corresponding  time  before  its  formal  open 
ing;  the  work  is  proceeding  upon  schedule,  and  there  wil 
be  no  periods  of  delay  or  of  congestion  in  the  work.  Build 
ing  contracts  provide  bonuses  for  completion  under  thi 
time  limit. 

A  tremendous  amount  of  preliminary  work  has  beei 
accomplished.  Based  upon  the  total  amount  of  prepara 
tion  required,  the  division  of  works  estimates  that  toda; 
the  exposition  is  more  than  two-thirds  completed. 

The  exposition  site,  covering  635  acres  of  land  nea; 
one  of  the  most  picturesque  residential  sections  of  Sai 
Francisco,  was  long  since  cleared  of  houses  and  otlie 
structures  and  fenced  in.  The  underground  work,  com 
pleted  almost  throughout,  included  the  reclamation  of  7 
acres  of  land  from  San  Francisco  Bay ;  the  installation  o 
a  high-pressure  water  system  for  fire  purposes,  two-third; 
completed ;  a  low-pressure  service  water  system,  well  ad 
vanced;  an  .extensive  drainage  system  (completed  in  thi 
amusement  concessions  and  foreign  nations'  district  anc 
nearing  completion  in  the  main  exhibit  district,  where  i 
is  being  carried  along  with  the  buildings  themselves) 
and  the  laying  of  underground  conduits  for  the  electrii 
wires  for  the  transmission  of  light  and  power. 

Ten  of  the  huge  exhibit  palaces  are  under  construction 
framework  of  three  is  now  rising,  the  flooring  of  prac 
tically  all  of  the  others  is  completed  and  the  assemblei 
parts  are  mostly  ready  to  be  raised  to  place.  More  thai 
70,000,000  ft.  of  lumber  will  be  used  in  this  main  ex 
hibit  section,  and  over  25,000,000  ft.  have  already  beei 
delivered,  with  4  ),000,000  ft.  contracted  for.  Thirty-twi 
steamers  are  carrying  the  lumber. 

The  streets,  avenues,  roads  and  paths  are  laid  out 
curbs  are  well  along  and  a  contract  for  the  delivery  o 
70,000  cu.yd.  of  road  rock,  with  an  ample  time  limit,  i; 
being  fulfilled. 

A  standard-gage  railroad  is  being  laid,  the  tracks  be 
ing  nearly  all  down  and  parts  of  the  road  in  operation 
conveying  material.  A  completed  freight  ferry  slip  re 
ceives  car  floats  regularly,  and  a  commodious  harbo 
on  the  water  front,  with  a  system  of  wharves,  daily  dock; 
steamers  with  lumber  and  other  building  supplies. 
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The  Service  Building,  housing  the  staff  of  the  division 
of  works,  is  completed,  even  to  the  gardens  and  lawns 
surrounding  it,  and  has  been  in  use  all  this  summer. 

Of  the  12  great  structures  in  the  main  group  of  ex- 
liihit  palaces,  the  Machinery  Building  is  erected,  roofed 
and  floored  and  is  now  receiving  its  covering  of  imitation 
Travertine  stone,  and  its  cornices  and  pillars.  The  Palace 
of  Education  is  floored  and  the  frame  is  about  half  up. 
Framing  of  the  Palace  of  Food  Products  has  been  com- 
menced and  the  floors  of  the  Palaces  of  Agriculture,  Lib- 
eral Arts  and  Manufacturers  are  nearly  completed,  while 
those  of  the  Palaces  of  Varied  Industries,  Transporta- 
tion and  Mines  and  Metallurgy'  are  being  laid. 

The  contract  for  the  construction  of  the  Palaces  of 
Fine  Arts  has  been  let  and  those  for  the  Palace  of  Florti- 


culture  and  the  Festival  Hall  will  lie  awarded  soon,  ail 
to  be  completed  well  within  the  time  limit. 

Many  other  lesser  structures  are  built  or  lieing  built 
with  rapidity.  As  an  example,  the  building  for  the  Re- 
pulilic  of  Honduras,  ground  for  which  was  broken  Aug. 
20,  is  nearly  all  in  frame  and  its  floor  is  being  laid. 

The  extensive  park  system  is  advancing  as  rap.  .ly  as 
the  structural  work.  Along  the  Marina,  the  grass  for  the 
broad  esplanade  is  growing  luxuriantly  and  the  sites  of 
other  parks  and  gardens  are  now  graded  and  receiving 
their  covering  of  fertile  soil  and  enriching  material.  The 
shrubbery  and  plans  for  the  landscape-engineering  scheme 
are  all  on  hand,  ready  for  transplanting  when  desired, 
which  will  begin  this  autumn,  with  the  erection  of  the 
exhibit  palaces. 


Averaging  Recording-Gage   Records 


By  Lloyd  W.  Tayloi; 


SYNOPSIS — Simiile  inetlioil  of  averaging  recording-gage 
records,  followed  hy  explanation  of  method  for  tliose  who 
Irish  to  know  the  reasons  why. 

Frequently  it  is  desired  to  obtain  the  average  of  a 
r -cording-gage  record  to  a  fair  degree  of  accuracy.  To 
do  this  without  either  an  averaging  instrument  or  a 
]ilanimeter  is  practicaly  impossible.  Since  planiraeters 
are  more  common  than  suitable  averaging  instruments, 
it  is  thought  that  the  following  method  might  be  used 
to  advantage. 

In  averaging  a  record  by  this  method,  four  things  must 
be  known:  The  area  A  in  square  inches  inclosed  by  the 
record;  the  straight-line  distance  D  from  pivot  to  point 
of  the  recording  arm :  the  number  of  scale  divisions  C 
per  inch  of  travel  of  the  pen  point,  these  scale  divisions 
being  in  pounds  per  square  inch,  volts,  amperes,  or  in 
whatever  units  the  gage  is  intended  to  measure;  the 
radius  R  of  the  center  circle  of  the  chart,  that  is,  the 
distance  in  inches  from  the  center  of  the  chart  to  the  zero 
center  of  the  scale. 

The  first  quantity  .i  is  found  by  means  of  the  plauim- 
eter ;  the  remaining  three  are  simple  measurements  which 
vary  with  different  gages.  Once  taken,  these  measure- 
ments may  be  kept  for  reference. 

Assuming  that,  these  four  quantities  are  known,  the 
first  step  will  be  to  solve  the  expression  V  4  -^-  3.544  D, 
and  unless  some  mistake  is  made  this  will  be  less  than 
i/o.  In  the  accompanying  table,  the  calculated  value  of 
yj  I  -L.  3.544  D  is  given  and  opposite  the  corresponding 
value  of  S,  which  appears  in  the  following  formula : 

Av.  reading  =  C   {D  S  —  R) 
where  D,  C  and  R  are  the  second,  third  and  fourth  known 
quantities  respectively. 

Sometimes  it  is  desired  to  find  the  average  reading 
for  a  part  of  a  revolution  of  the  chart.  This  is  done  by 
drawing  a  straight  line  from  each  extremity  of  the  part 
of  the  record  to  be  averaged  to  the  center  of  the  chart. 
Measure  with  a  protractor,  the  angle  which  these  lines 
make  with  each  other.  Divide  360  by  the  number  of  de- 
grees in  this  angle  and  multiply  the  area  inclosed  by  the 
two  straight  lines  and  the  record  by  this  quotient.  Take 
thr  result  equal  to  .4  and  proceed  as  above. 


For  those  who  desire  to  know  the  reasons  why  the  above 
is  true,  the  following  explanation  is  appended:  The 
path  of  the  recording  pen,  when  the  chart  is  stationary 
and  pressure  applied,  is  the  arc  of  a  circle  whase  radius 
is  D.  If  the  recording  pen  should  remain  stationary  for 
a  full  revolution  of  the  chart,  a  circle  would  be  described. 
Call  the  area  of  this  circle  A.  Then  the  length  of  a  scale- 
divided  arc  from  center  to  circumference  of  this  circle  is 

2  j9  V  - 


■2  1) 


whicli  equals 


i)     -2 


V  .t 
.544  i) 


in  which  the  designated  angle  is  expressed  in  radian 
measure.  The  expression  in  brackets  is  a  generalization 
of  the  quantity  S  in  the  accompanying  table. 

Subtract  from  this  arc,  the  radius  R  of  the  zero  circle 
and  multiply  the  remainder  by  the  constant  of  calibra- 
tion. The  result  is  the  reading  at  which  the  pen  was  held 
while  the  dial  was  revolved.  For  the  purposes  of  these 
calculations,  the  area  of  the  irregular  record  is  taken  as 
the  area  A  of  the  averaging  circle,  and  the  average  read- 
ing deduced  from  it. 

VALUES  OF  S  FOR  USE  IN  FORMULA 


V   -1 

S 

V   -1 

3  544  O 

3  544D 

S 

0.01 

0.0200 

0.26 

0.5261 

0.02 

0.0400 

0.27 

0.5468 

0.03 

0.0600 

0.28 

0.5676 

0.04 

0.0801 

0.29 

0.5884 

0  05 

0.1001 

0  30 

0.6093 

0  06 

0.1201 

0.31 

0.6303 

0.07 

0.1401 

0.32 

0.6514 

0.08 

0.1602 

0  33 

0.6726 

0.09 

0.1802 

0  34 

0.6939 

0.10 

0.2003 

0.35 

0.7152 

0.11 

0.2204 

0  36 

0  7366 

0.12 

0.2406 

0  37 

0.7581 

0.13 

■  0.2608 

0.38 

0  7796 

0.14 

0.2810 

0  39 

0.8012 

0.15 

0.3012 

0.40 

0  8230 

0.16 

0.3214 

0  41 

0.8449 

0.17 

0.3417 

0  42 

0  8669 

0  18 

0.3620 

0.43 

0.8S90 

0  19 

0.3824 

0  44 

0  9112 

0  20 

0.4028 

0  45 

0  9336 

0.21 

0.4232 

0  46 

0.9561 

0.22 

0.4437 

0  47 

0.9787 

0.23 

0.4642 

0  48 

1.0014 

0  24 

0.4848 

0.49 

1.0242 

0.25 

o.mM 

0  .in 

1.0472 

[The  above  article  may  help  to  settle  .some  of  the  iMints 
recently  under   discussion   in   these   t'olumns. — Editor.] 
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NEW     PUBLICATIONS 


IITDRAULIC  TURBINES.  By  R.  L.  Daugheity.  Published  by 
!  McGraw-Hill  Book  Co.,  New  York,  1913.  Cloth,  6lix9V4 
in.;  156  pages,  96  illustrations,  tables.  Price,  $2  net. 
The  purpose  of  the  book  is  to  give  a  general  idea  of  water- 
ower  development  and  conditions  affecting  the  turbine  op- 
ration,  a  knowledge  of  the  principal  features  of  construction 
f  modern  turbines,  an  outline  of  the  theory  and  the  char- 
oteristics  of  the  principal  types,  commercial  constants,  means 
»(  selection  of  type  and  size  of  turbine,  and  cost  of  turbines 
md  water  power. 

In  the  limited  space  devoted  to  the  subject  the  book  covers 
i:he  ground  exceptionally  well.  For  the  most  pait  it  is  simple 
ind  straightforward.  The  chapters  on  general  theory  and  the 
Lheory  of  the  various  types  of  turbine  naturally  involve 
nathernatico  requiring  a  knowledge  of  trigonometry,  and  the 
same  is  true  of  the  final  chapter  dealing  with  centrifugal 
Dumps.  The  book  may  be  recommended  to  students  or  to 
my  one  desiring  a  concise  review  of  the  entire  subject  of 
water  power. 

3HOP  MATHEMATICS,   Part   II.      Advanced   Shop  Mathematics 
prepared    for   the   Extension   Division   of  the  University   of 
Wisconsin.     By  Earl  B.  Norris  and  Ralph  T.  Craigo.     Pub- 
lished   by    the    McGraw-Hill    Book    Co.,    New    York,    1913. 
I         Size,    6x9   in.;    214    pages,    illustrated.      Price,    Ifl.SO. 

This  book  is  an  attempt  to  present  the  subject  of  applied 
tnatiiematics.  including  elementary  algebra,  geometry  and 
trigonometry,  in  a  concrete  .-ather  than  abstract  form.  For 
instance,  algebi'a  has  been  approached  from  the  standpoint  of 
engineering  foimulas,  the  authors  pointing' out  that  there  is 
really  nothing  m>'sterious  in  such  expressions,  the  symbols 
merely  being  moi-e  convenient  to  handle  than  the  quantities 
they  represent.  Mensuration  is  handled  in  a  very  practical 
manner  and  free  use  is  made  of  illustrations.  The  use  of 
logai'ithms,  trigonometric  tables  and  curves  is  fully  ex- 
plained and,  although  in  a  few  instances  the  authors  have 
isipsed  into  the  abstract  the  treatment  of  the  subject  in  gen- 
eral  and    the    selection    of    problems    are    thoroughly   practical. 

H:EAT,  A  MANUAL  FOR  TECHNICAL,  AND  INDUSTRIAL 
STUDENTS.  By  J.  A.  Randall.  John  Wiley  &  Sons,  New 
York.  Cloth,  5^x8  in.,  331  pages;  77  illustrations;  15 
tables.      Price,   $1.50. 

Here  is  a  book  treating  the  subject  of  heat  and  thermo- 
dynamics that  student-3  and  practical  men  alike  have  long 
felt  the  need  of.  The  author  has  succeeded  in  his  endeavor 
to  furnish  the  general  student  or  reader  with  such  insight 
into  the  nature  of  heat  and  its  effects  as  shall  enable  him  to 
comprehend,  reasonably,  the  operation  of  vai'ious  power  pro- 
cesses. 

The  author  Ijegins  with  an  understandable  treatment  of 
the  various  forms  of  energy  and  leads  into  specific  heat, 
calorimetry.  expansion  of  gases  and  heat  transmission  by 
convection,  conduction,  radiation  and  treats  on  insulating 
materials. 

The  manner  of  treating  the  functions  and  heat  exchanges 
and  losses  in  steam,  gas  and  refrigeration  plants  is.  indeed, 
admirable.  Simple  shaded  diagrams  are  used,  and  as  the 
author  does  not  resort  to  the  usually  inexcusable  practice 
of  using  calculus  and  other  higher  mathematics  in  his  treat- 
ment of  the  subjects,  but  instead  requires  only  a  knowledge 
of  formulas  from  his  readers,  power-plant  operating  engi- 
neers will  greatly  appreciate  the  "work,  and  find  it  of  much 
value  in  giving  them  a  good  working  knowledge  of  a  branch 
of  their  work  that  they  have  left  to  the  technical  graduate 
Cor  want  of  a  proper  book  by  which  to  acquire   it  themselves. 

The  technical  man.  tco,  will  find  it  a  valuable  addition  to 
his  library. 

HENDRICKS'  COMMERCIAL  REGISTER.  Twenty-second  an- 
nual edition.  Published  bv  Samuel  E.  Hendricks  Co.,  New 
York  City.  Cloth;  1666  pages;  12x5V2  in.  Price,  $10. 
This  well  known  register,  established  in  1891,  has  reached 
its  22d  annual  edition,  which  is  forcible  evidence  of  its  wide 
use  and  usefulness.  It  furnishes  complete  classified  lists  of 
manufacturers  for  the  benefit  of  those  who  want  to  buy  as 
well  as  for  those  who  have  something  to  sell.  It  covers  very 
completely  the  architectural,  engineering,  electrical,  mechan- 
ical, railroad,  mining,  manufacturing  and  kindred  trades  and 
professions  and  establishes  a  direct  link  between  the  buyer 
md  seller.  The  present  is  by  far  the  most  complete  edition, 
requiring  as  it  does  138  pages  of  index  and  represent- 
ing the  manufacturers  of  over  6000  articles,  none  of  which 
has  appeared  in  any  previous  edition.  The  total  number  of 
classifications  is  over  55,000.  each  representing  the  manufac- 
turers or  dealers  of  some  machine,  tool,  specialty  or  material 
required  in  the  architectural,  engineering,  mechanical,  elec- 
trical, railroad,  mine  and  kindred  industries.     There  is  a  total 


of  437  pages  of  new  matter,  the  whole  representing  upward 
of  390.000  names  and  addresses.  An  important  feature  is 
the  simplicity  of  its  classifications,  whicii  art'  so  arranged 
that  the  book  can  be  used  tor  either  purchasing  or  mailing 
purposes. 

The  value  of  the  book  for  purchasing  purposes  is  not  con- 
fined to  its  complete  c'lassifications  alone.  It  also  gives  much 
information  following  the  names  of  thousands  of  firms  that 
is  of  great  assistance  to  the  buyer  and  saves  the  expense  of 
writing  to  a  number  of  firms  for  the  particular  article  re- 
quired. There  is  also  included  the  trade  names  of  all  articles 
classified  as  far  as  they  can  be  secured.  These  trade  names 
appear  in  parenthesis  between  the  names  and  addresses  under 
the  classifications  where  they  appear.  The  book  is  revised, 
improved  and  issued  annually. 

PRINCIPLES  OF  INDUSTRI.\L  ORGANIZATION — By  Dexter 
S.  Kimball.  Two  hundred  and  sixty-eight  6x9-in.  pages; 
19  illustrations;  cloth  bound;  indexed.  Price  $2.50,  Mc- 
Graw-Hill  Book   Co.,   New  York,  N.   Y. 

This  book  is  in  a  class  by  itself.  No  form  or  system  of 
management  is  exploited  in  the  book.  No  specific  remedy  for 
industrial  evils  is  advocated.  But  the  best  of  the  modern 
systems  and  methods  are  presented  through  their  principles 
with  a  careful  weighing  of  advantages  and  disadvantages. 
Details,  cards  and  forms  ai-e  omitted.  Thus  this  book  stands 
head  and  shoulders  above  the  ordinary  run  of  management 
writings. 

The  book  is  the  outgrowth  of  a  series  of  lectures  given 
by  the  author  for  the  past  few  years  to  senior  students  at 
Sibley  College,  Cornell  University.  It  is  intended  primarily 
for  the  needs  of  the  young  engineer,  but  its  field  of  useful- 
ness is  much  wider.  Every  practicing  engineer  or  shop  man- 
ager should  have  a  definite  knowledge  of  the  principles  of 
the   various  systems   of  management   offered  to   him   today. 

Of  the  14  chapters,  the  first  four  deal  with  the  great  in- 
ventions, their  effects  and  corrective  infiuences  in  indus- 
try. The  first  outlines  the  fundamental  principles  of  the 
factory  system,  and  the  system  that  immediately  preceded  the 
present  methods.  Chapter  4  is  concerned  with  corrective  in- 
fluences which   are   active  at  the  present   day. 

Chapter  5  is  devoted  to  "Modern  Industrial  Tendencies." 
taking  up  such  matter  as  specialization,  standardization,  in- 
terchangeability,  and  the  division  of  mental  and  manual 
labor.  This  is  followed  by  a  chapter  on  the  forms  of  indus- 
trial ownership,  and  these  six  pave  the  way  for  the  treat- 
ment of  the  principles  of  organization,  in  Chapter  7. 

Chapters  S  to  12,  inclusive,  deal  with  specific  features  of 
factory  organization.  These  are:  Planning  Departments; 
Principles  of  Cost  Keeping;  The  Depreciation  of  Wasting 
Assets;  The  Compensation  of  Labor;  Purchasing,  Storing 
and    Inspection    of   Materials. 

Chapter  13  is  devoted  to  the  location,  arrangement  and 
construction  of  industrial  plants,  and  the  final  chapter 
treats  of  theories  of  management.  This  is  really  a  re- 
sume and  statement  of  the  principles  underlying  industrial 
management,  with  a  brief  discussion  of  each.  The  discus- 
sion of  these  is  most  illuminating,  and  clears  many  points 
around  which  there  has  been  controversy.  It  is  gratifying 
to  note  that  only  seven  principles  are  recognized,  for  pre- 
vious writers  have  attempted  to  give  anywhere  from  a  dozen 
to    seventeen    or    more. 

An  important  feature  of  the  woik  is  frequent  references 
to  transactions  of  the  American  Society  of  Mechanical  Engi- 
neers, other  books  and  current  technical  literature.  These 
recognize  and  point  out  the  importance  of  the  work  of 
such  men  as  Halsey,  Taylor,  Gantt.  Church  and  Emerson. 
Thus  the  book  has  been  written  from  a  most  careful  study 
of  the  best  of  industrial  management  and  practice  of  today, 
and  with  a  full  appreciation  of  its  possibilities  and  import- 
ance. 


New  Government  Pul>lloati«n.s — The  Bureau  of  Mines  of 
the  Department  of  the  Interior  has  the  following  new  pub- 
lications. Bulletin  50,  a  laboratory  study  of  the  inflam- 
mability of  coal  dust,  by  J.  C.  W.  Frazer,  E.  J.  Hoffman  and 
L,  A.  Scholl,  Jr.,  60  pages,  95  illustrations.  Bulletin  22,  Analy- 
ses of  coals  in  the  United  States,  with  descriptions  of  sam- 
ples collected  between  July  1,  1904,  and  June  30,  1910,  by 
N.  W.  Lord,  with  chapters  by  J.  A.  Holmes,  P.  M.  Stanton. 
A.  C.  Fieldner  and  Samuel  Sanford.  Part  I,  Analyses,  pages 
1-321,  1  illustration;  Part  II,  Descriptions  of  Samples,  pages 
322-1200.  This  bulletin  gives  information  of  value  to  fuel- 
purchasing  agents,  mechanical  engineers  and  other  persons 
who  wish  to  know  the  composition  and  heating  value  of  dif- 
ferent coals.  It  is  not  published  for  general  distribution. 
Not  more  than  one  copy  of  either  bulletin  will  be  given  to 
the  same  person.  Requests  for  the  publications  should  be 
made  by  number  and  title  and  addressed  to  the  Director  of 
the   Bureau    of   Mines,    Washington,    D.    C. 
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FOWER-PLANT  TESTING.  By  James  A.  Moyer.  McGraw- 
Hill  Book  Co.,  New  York.  Second  edition;  cloth;  4S6 
pages,    6x9    in.;    393    illustrations;    tables.      Price,    $4. 

ADVANCED  SHOP  MATHEMATICS.  Part  II.  By  Earle  B. 
Norris  and  Ralph  T.  Craigo.  McGraw-Hill  Book  Co.,  New 
York.  Cloth;  214  pages,  6x9  in.;  21S  illustrations;  tables. 
Price,   $1.50. 

TECHNICAL  GAS  AND  FUEL,  ANALYSIS.  By  Alfred  H 
White.  McGraw-Hill  Book  Co.,  New  Tork.  Cloth;  2i6 
pages,   51/2x814   in.;   47   illustrations;   tables.     Price,   $2. 

PROCEEDINGS  OP  THE  SOCIETY  FOR  TH-B  PROMOTION 
OF  ENGINEERING  EDUCATION.  Published  by  the  So- 
ciety at  Ithaca,  N,  Y.  Cloth;  508  pages,  5%xS%  in.;  illus- 
trated.     Price,    $1.25. 

THE  POLYTECHNIC  ENGINEER.  Published  annually  by  the 
Polytechnic  Institute,  Brooklyn,  N.  Y.  Cloth;  138  pages, 
6x9    in.;    illustrated. 

STEAM,  ITS  GENERATION  AND  USE.  The  Babcock  &  Wil- 
cox Co..  New  York.  Cloth;  335  pages,  TVixlO^  in.;  tables; 
illustrated. 

TABLE  OP  ESTIMATED  RADIATION.  By  Harry  B.  Perrigo, 
New  Haven,  Conn.     Celluloid  folder,  4%x7%   in.     Price,  $1. 

Greater   Winnipeg   Water   Project 

The  engineering  organization  for  the  $13,000,000  Canadian 
water  project  of  the  Greater  Winnipeg  water  district  is  be- 
ing rapidly  assembled,  states  "Engineering  Record."  On  Oct. 
4  members  of  the  administration  board  chose  S.  H.  Rey- 
nolds, of  Victoria,  as  the  first  of  three  commissioners  to  han- 
dle the  construction  and  J.  H.  Fuertes,  consulting  engineer, 
of  New  Tork,  as  consulting  engineer  to  the  commission.  W.  G. 
Chace,    of    Toronto,    was    appointed    chief    engineer. 

Surveying  for  the  project  has  started,  and  as  soon  as  the 
rights-of-way  have  been  secured  a  telephone  line  will  be  in- 
stalled between  Winnipeg  and  Shoal  Lake,  the  source  of 
the   proposed   supply. 

The  officials  expect  that  actual  construction  will  be  begun 
next  spring,  and  recommend,  in  view  of  the  fact  that  the 
region  is  difficult  of  observation  in  the  winter  and  spring, 
that   prospective   bidders   visit   the   district   at   an   early   date. 


Campello  (Mass.)  Boiler  Explosion 

At  6:40  o'clock  on  the  morning  of  Thursday.  Oct.  9,  while 
opening  the  throttle  valve  on  a  20x42-in.  Brown  engine,  at  the 
factory  of  George  E.  Keith  Co.,  shoe  manufacturers.  Carn- 
pello,  Mass.,  a  cast-iron  elbow  under  the  valve  ruptured.  The 
flying  fragments  and  escaping  steam  so  severely  injured  and 
scalded  the  engineer.  Alonzo  E.  Nelson,  as  to  necessitate  his 
/emoval  to   the  Brockton   Hospital. 

Nelson  was  alone  in  the  engine  room  when  the  accident 
occurred  and  was  presumably  warming  up  the  engine  for  the 
day's  run.  As  his  condition  is  such  as  to  preclude  the  secur- 
ing   of   his    statement,    the    cause    can    only    be    conjectured. 

It  is  thought  that  the  failure  was  induced  by  a  slug  of 
water  carried  along  with  the  flow  of  steam  and  the  conse- 
quent impact  at  the  elbow  being  sufficient  to  cause  the  rup- 
ture. Steam  and  water  continued  to  issue  through  the  break 
until  the  arrival  of  the  fire  department,  which  was  summoned 
by  the  operating  of  the  automatic  fire  alarm,  when  the  fires 
were   drawn   and    the   stop   valve   closed. 

Nelson  has  been  employed  by  the  concern  for  32  years  and 
this  is  his  second  serious  accident.  About  four  years  ago 
there  was  an  explosion  of  gases  in  the  boiler  room  that 
nearly  cost  him  his  life  and  he  was  confined  in  the  hospital 
for   several   weeks. 


Problems    of  Technical  and  Industrial 
Education 

In  Philadelphia  last  spring,  representatives  of  the  Central 
Educational  Institute  of  the  Y.  M.  C.  A.,  Drexel  Institute,  the 
Franklin  Institute.  School  of  Industrial  Arts.  Spring  Garden 
Institute.  Temple  University,  and  the  Wagner  Froe  Institute 
of  Science  joined  with  representatives  of  the  Philadelphia 
Trades  Schools  and  the  Philadelphia  and  Camden  Public 
Schools  in  arranging  meetings  for  the  purpose  of  becoming 
acquainted  with  one  another's  work  and  the  educational  prob- 
lems employers  have  to  face.  Wishing  to  avail  themselves 
of  the  wide  resources  of  the  Public  Education  Association  of 
Philadelpnia,    members    of   the   faculties    of   the    participating 


institutions  are  now  organizing  a  section  of  that  association 
to  be  known  as  the  Industrial  and  Technical  Education  Con- 
ference of  the  Public  Education  Association.  The  membeishlu 
is  to  consist  of  educators  and  employers,  and  the  purpose  is 
to  seek  the  solution  of  the  problems  arising  from  the  needs 
of  the  vast  numbers  of  young  people  who  have  never  had 
proper  opportunities  for  securing  that  knowledge  which  will 
pave  the  way  to  better  service  and  higher  responsibilities, 
Arthur  J.  Rowland  is  chairman  and  Henry  V.  Gummere, 
secretary  of  the  conference.  It  is  hoped  that  the  movement 
thus  started  will  spread  to  include  not  only  local  represi-nta- 
tives,  but  all  those  employers  whose  employees  find  in  the 
large  city  opportunities  which  cannot  be  offered  nearer.  This 
means  extending  the  work  to  a,  great  many  miles  from  Phila- 
delphia, for  classes  could  easily  be  arranged  outside  the  city, 
managed  by  experienced  teachers  who  are  specialists  in  any 
given   line   of  instruction. 


SOC lETY     NOTES 


The  Ohio  Society  of  Mechanical,  Electrical  and  Steam  En 
gineers  will  hold  its  eleventh  annual  meeting  at  Colurnbue 
Ohio,  on  Nov.  20  to  22.  The  election  of  officers  will  tak( 
place  and  some  interesting  papers  will  be  read  and  discussed 

The  Chicago  Section  of  the  American  Society  of  Mechanica 
Engineers  proposes  holding  four  meetings  this  season.  It  i 
planned  to  have  a  dinner  at  each  meeting  and  maintain  ai 
informal  discussion.  The  subjects  for  the  meetings  will  b 
"The  Iron  and  Steel  Industry  of  the  Chicago  District."  "Steat 
Power  Plants."  "Internal-Combustion  Engines."  and  "Refrig 
eration."  The  first  meeting  will  be  held  at  the  Shermai 
House  on  the  evening  of  Nov.  19.  at  which  the  principa 
speaker  will  be  William  A.  Field,  general  superintendent  0 
the  Illinois  Steel   Co.'s  plant  at   South   Chicago. 

"A  New  Centrifugal  Pump  v/ith  Helical  Impeller"  is  th 
title  of  a  paper  to  be  presented  at  the  regular  monthly  meet 
ing  of  the  American  Society  of  Mechanical  Engineers  on  Tuea 
day  evening.  Nov.  11.  by  C.  V.  Kerr,  of  the  A.  S.  Camero 
Steam  Pump  Works.  New  Tork.  The  reason  for  seeking 
new  type  of  pump  is  based  on  the  characteristic  behavior  0 
the  small  steam  turbine  which  is  commonly  used  in  powe 
plants  as  the  driving  power  for  circulating  pumps  for  con 
densers.  The  mathematical  theory  of  the  new  type  of  im 
peller  will  be  presented,  also  an  illustrated  description  of  th 
8-in.  experimental  pump  used,  with  methods  and  results  0 
tests.  Discussion  will  follow  in  which  all  are  invited  to  tak 
part.      An    informal    dinner    will    be    served    at    6:30    p.m. 


PERSONALS 


H.  W.  Thompson  is  the  new  superintendent  of  the  Azus 
(Calif.)    municipal   light   and    power   plant. 

Fred  L.  Hunt  was  recently  appointed  chief  engineer  of  th 
Greenfield    (Mass.)    Electrio  Light   &  Power   Co. 

A.  H.  Maynard  is  the  new  chief  engineer  of  the  Merchant 
Lighting   Co.    power   plant   at   Little   Rock,   Ark. 

E.  A.  Geoghegan,  for  the  past  two  years  with  the  Unio 
Iron  Works,  Erie,  Penn..  has  accepted  a  position  as  supei 
heating  specialist,  with  the  Erie  City  Iron  Works,  Erie.  Peni 

Etienne  de  Fodor.  general  director  of  the  General  Electri 
Co.  of  Budapest,  tendered  a  banquet  to  150  distinguishe 
Hungarians  on  Oct.  9,  to  mark  the  twentieth  anniversary  c 
the   company. 

L.  G.  Denis,  hydro-electric  engineer  for  the  Canadian  Cor 
servation  Commission,  recently  completed  a  1000-mile  cano 
trip  in  the  investigation  ot  water-power  possibilities  in  nortf 
ern   Manitoba. 

Dan  Cubberly,  for  many  years  with  George  B.  Carpentc 
&  Co.,  Chicago,  has  been  made  vice-president  of  the  Juliu 
Pearse  Fire  Department  Supply  Co..  Denver.  Colo.,  and  wi 
henceforth  devote  his  entire  time  to  the  interests  of  that  coir 
pany. 

J.  B.  Shatzer.  representing  the  Schutte  &  Koerting  Co..  1 
Pittsburgh.  Penn.,  will  give  a  "Safety  First"  lecture,  covei 
ing  automatic  engine  stops  and  triple  service  valves  at  th 
National  Association  of  Stationary  Engineers'  regular  meet 
ing  to  be   held   in   Pittsburgh,   on   Nov.   17. 
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I         Self  Interviews 

"*HE  place  is  the  private  office  of  J.  Jeffrey  Willock,  manufacturer 

■  and   chief   owner   of  the  biggest  group  of  mills  in  B ,    Penn. 

\me,  the  present.     J .  Jeffrey  is  pacing  the  floor  in  rage  over  the  report 
'  his  new  chief  engineer ,  when  J .  Jeffrey  Willock  enters. 

D      D      D 

"Willock,"  says  the  newcomer,   "why  this  burst  of  anger?" 

i  "Why?  Why?"  roars  J.  Jeffrey,  "why  that  infernal  idiot  of  an  engineer  reports  that  the  plant's  a  veritable 
;nk  heap!  That  it  wastes  money  like  a  drunken  sailor!  And  he  calls  for  an  expenditure  of  $20,000  for  new 
juipment." 

"Think  of  it!    Paying  him  $5000  a  year  to  tell  me  how  to  waste  $20,000.     An  idiot,  I  say,  an  idiot!" 

)      "Calm  yourself,  Willock,  analyze  the  case;  you'll  see  things  differently,"  went  on  his  more  placid  self. 

"Calm  nothing!     You're  worse  than  he  is.     Get  out!" 

"Willock,"  protested  the  other,  "your  last  two  engineers — good  men — made  similar  recommendations.  They 
arned  you  of  the  weakness  of  the  present  equipment,  and  told  you  of  inevitable  delays  and  losses  due  to  accidents 
id  repairs." 

"You  ignored  them  both.  You  knew  better.  In  your  mad  eagerness  for  big  dividends  you  avoided  needed 
cpenditures.     Now  comes  the  reaction.     Better  take  his  tip,  Willock." 

Ting  a  ling  a  ling,  ling.     The  phone  rang  violently. 

"Engineer?  Yes.  What!  Great  God!"  exclaimed  Willock  as  he  faced  himself.  "It's  here.  The  main  engine's 
■acked  her  frame  and  the  flywheel's  fractured.     vSudden  heavy  overload." 

"The  engineer's  right;  I'm  the  idiot.     But  I've  discovered  it  too  late." 
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Flatbush  Gas-Electric  Station 


By   C'HAIiLES 

SYNOPSIS — Inifially  a  gas  plant  erected  in  ISGJf  to 
supply  the  town  of  Flatbush,  now  the  29th  ^Yard  of  the 
Borough  of  BrooMyn,  City  of  New  York.  In  1S93  aii. 
electric  plant  was  installed.  At  present  the  electric  sta- 
tion is  evoluting  from  a  reciprocating  to  an  uptodatc 
turbine  installation.  The  ivater  in  the  tank  of  a  5,000,- 
000-cu.ft.  gas  holder  furnishes  water  for  the  turbo-jet 
condensers.  The  plant  buildings  are  heated  by  boiler-feed 
water  taken  from  an  open  heater.  Large  tandem  gas  en- 
gines driving  exhausters  handle  the  gas-distribuiiort 
si/siem. 

Often  there  is  little  variety  in  the  general  layout  of 
power  plants,  but  the  plant  of  the  Flatbush  Ga.s  Co.  has 
some  unusual  features  of  operation  and  these  will  here 
be  described. 

BoiLEIt  AND  EXGIXE  EoOiLS 

The  plant  initially  was  a  small  gas  property  erected 
to  supply  the  then  thinly  scattered  community  of  the 
town  of  Flatbush.  A  desire  to  have  electric-arc  street 
lighting  then  sprang  up  and  horizontal  tandem  steam  en- 
gines belted  to  Excelsior  arc-light  machines  were  installed ; 
then  came  a  desire  to  have  incandescent  electric  lighting 
and  belted  two-phase,  60-cycle,  2200-volt  generators 
driven  by  high-speed  horizontal  cross-compound  steam 
engines  were  installed,  this  system  enabling  both  arc  and 
incandescent  lighting  to  be  done  from  the  same  type  of 
macliine.  The  belt-driven  units  were  followed  by  cross- 
compound  vertical  engines  direct  connected  to  60-cycle, 


II.   BliO.MLEY 

Two  520-hp.,  two  250-hp.,  one  i4U-hp.  and  one  383-hp. 
hand-fired  water-tube  boilers  with  a  total  capacity  of  2363 
hp.,  normal  rating,  furnish  steam  for  the  electric  plant. 
All  boilers  carry  160  lb.  steam  pressure  and  operate  on  a: 
balanced-draft  system.  The  four  larger  boilers  are 
equipped  with  150-deg.  F.  superheaters,  the  superheat  be- 
ing 80  deg.  F.  at  the  turbines.     The  boilers  are  equipped 
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FiG.  3.    Coal  Coxsumptiox  axd  Kilowatt  Curves  for 
February.  Till 3 

with  recording  gages  for  the  balanced  draft,  steam  tem- 
perature and  steam  pressure.  No.  3  buckwheat  coal  with 
a  mixture  of  3  per  cent,  soft  coal  is  burned  under  all 
boilers.  The  weight  of  coal  delivered  to  the  yard  and  to 
each  boiler  is  recorded  daily.  Average  CO,  samples  are 
collected  on  all  runs  and  analyzed  twice  daily.  Each 
shipment  of  coal  is  analyzed  by  the  company's  chemist. 


Fig.  1.  Fig.  2. 

EVOLUTIXG  EROJI  A  UeCIPROCATIXG  ExGIXE  TO  A  ^loDERX    TuRBIX'E    IxsTALLATION 


2200-volt,  two-phase  alternators,  these  vertical  units  be- 
ing installed  about  190(».  All  the  Excelsior  and  Brush 
machines,  together  with  the  horizontal  engines,  have  dis- 
appeared, and  of  the  old  equipment,  there  remain  but 
the  two  vertical  direct-connected  units  shown  in  Figs.  1 
and  2.  These  two  photographs  show  the  turbines  in- 
stalled and  the  evolution  which  has  taken  place  in  the 
last  13  years  from  engine  to  turbine  practice.  With  the 
completion  of  the  turbo-unit  now  being  installed  the  plant 
will  have  a  capacity  of  5375  kw.  The  switchboard  is  of 
the  direct-control  type. 


The  boiler-feed  water  is  taken  from  the  hot  wells  into 
which  the  condenser  water  discharges.  The  makeup 
water  for  the  loss  from  the  cooling  towers  and  water 
used  around  the  plant  is  obtained  from  the  compan/s 
well.  Curves  showing  daily  coal  consumption  and  kilo- 
watt output,  as  well  as  tables  showing  how-  excess  air  and 
various  percentages  of  CO,  affect  the  boiler  economy  are 
hung  in  the  boiler  room  for  the  guidance  of  the  men. 
The  interest  which  these  tables  and  curves  stimulate  in 
the  men  is  well  worth  the  trouble  in  posting. 

Fig.    3    shows    the    coal-consumption    kilowatt-outpul 
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,IG.  4.  CoNDKXsi:i;-Cii!Cui.ATiX(_i-A\'ATEi:  Ueadeks  on 
j  5,000,000-C'u.FT.  Gas  Holder 

rves  which  are  filotted  and  hung  iii  the  hoiler  room. 
)te  how  closely  the  coal  curve  follows  the  kilowatt-out- 
t  curve,  no  doubt  reflecting  the  interest  shown  by  the 
jineers  and  firemen,  resulting  in  the  elimination  of 
ky  boiler  settings,  improved  firing  methods,  and  a  gen- 
ii pride  in  the  results. 

Condensing  SvsTEir 

The  condensing  system  is  indeed  interesting  insofar  as 
!  utilization  of  the  circidating  water  is  concerned.     As 


is  generally  known,  gas  holders  are  provided  with  water 
seals  on  the  dift'erent  sections  to  prevent  escape  of  gas. 
Naturally  these  .seals  must  be  prevented  from  freezing  in 
the  winter.  The  holder  in  Flatbush,  a  part  of  which  is 
shown  in  Fig.  4,  is  of  5,000,000  cu.ft.  capacity,  the  tank 
of  which  contains  approximately  8,250,000  gal.  of  water. 
To  keep  this  great  amount  of  water  from  freezing  in 
winter   requires   about   100   boiler  horsepower   per  hour 


Z'''^  Sed-lon 
'diam.  l8S-0%" 


4'^" Section,  „ 
Diaml8S-8X 


Fig.   5.    Paetial  Section  of  Gas  Holdeu,  Showing 
Water  Seals  When  Three  Sections  Are  Inflated 

with  the  atmospheric  temperature  near  the  freezing  point. 
Fig.  5  is  a  sectional  elevation  showing  two  of  the  seals  in 
the  gas  holder.  As  the  plant  is  at  a  considerable  dis- 
tance from  a  cheap  and  plentiful  cold-water  supply  for 
circulating  purposes,  the  water  in  this  holder  tank  is  be- 
ing made  use  of.  The  turbo-jet  condensers  are  connected 
to  the  huge  tank  of  the  gas  holder  which  serves  both  as  a 
reservoir  and  cooling  pond  for  the  circulating  water  from 
the  turbo-condensers.  Owing  to  the  load  on  the  turbines 
the   circulating   water   of   the    condensers   contains   suflB- 


FiG.  6. 


Fig.  7. 


'rlEATixG  System  Circulating   (Boiler  Feed)  Water  Temperature  Charts,  Supply  and  Eeturn 
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.  ut  heat,  eveu  in  exceedingly  cold  weather,  to  keep  the 
-.i.nk  at  a  temperature  of  about  90  deg.  F.  Due  to  the 
heavy  supply  of  gas  to  the  distribution  system  at  peak 
hours,  nearly  all  the  cups  are  submerged  for  a  short  time 
each  Any,  giving  a  new  supply  of  warm  water  to  the  seals, 
which  keeps  them  from  freezing  when  they  again  emerge 
from  the  tank.  This  process  makes  it  possible  to  dis- 
pense with  the  boiler  used  for  heating  the  gas  holder  and 
it  enables  the  engineers  to  get  about  2  in.  of  vacuum  more 
tlian  they  could  obtain  by  cooling  the  water  in  their  regu- 
lar standard  cooling  towers.  The  whole  effect  is  a  saving 
of  approximately  $5000  a  year  on  the  coal  bill. 

Originally  the  water  was  conducted  direct  from  the 
holder  to  the  condensers.  Later  it  was  found  that  much 
better  results  were  obtained  by  passing  the  water  over  the 
cooling  tower,  which  gave  it  an  additional  cooling  effect, 
and  also  discharged  the  vapor  which  may  have  dissolved 
in  the  water.  Curves  of  the  temperature  of  the  water 
and  atmosphere  have  shown  that  it  is  only  in  the  most 
unusually  severe  winter  weather  that  the  seals  are  likely 
to  freeze  with  this  system  of  heating.  Water  from  the 
condensers  is  discharged  into  the  hotwells  and  then 
pumped  into  the  tank  of  the  gas  holder.  From  all  that 
the  writer  can  learn  this  is  the  first  time  that  such  a 
condensing  system  was  ever  conceived  of  or  put  in  suc- 
cessful operation.  The  scheme  in  its  entirety  was  worked 
out  by  the  engineering  force  at  the  plant. 

Feed  Water  for  Heatixg 

The  boiler-feed  water  is  used  to  heat  tlie  comparatively 
small,  though  numerous,  buildings  about  the  works.  Ex- 
amination of  the  charts,  Figs.  6  and  7,  shows  a  small  . 
temperature  difference  between  the  supply  and  return 
wafpr.  This  is  due  to  the  high  velocity  at  which  the 
water  is  forced  throuffhout  the  svstem  and  not  because 


Fig.  .s. 


Note  the  Well  Laid  Oct  Pipixr  ix 
This  Pump  Room 


there  is  inadequate  radiation.     One  2-in.,  two-stage  ai 
one  2-in.,  single-stage  centrifugal  pump  direct  connec ,  i 
to  5-hp.  induction  motors  are  used  for  this  purpose.  1| 


The  Double-Actixg  Taxdem  Gas  Exgixes  Dkivixg  Blowers  foe  GAs-DisxraBUTiox  Systej 
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second  pump  is  operated  ouly  in  extremely  cold  weather. 
The  water  used  for  heating  is  metered  on  entering  the 
system,  and  as  the  temperature  of  both  the  supply  and  re- 
turn is  recorded  and  the  average  heat  value  of  the  fuel 
is  known,  it  is  easy  to  determine  how  much  coal  should 
be  charged  to  the  heating  system. 

The  equipment  of  feed  pumps,  Fig.  S,  is  quite  com- 
plete to  insure  noninterrupted  service.  There  are  two 
duplex  reciprocating  pumps,  two  .j-in..  three-stage,  steam- 
driven  turbine  pumps,  and  a  o-in..  four-stage  motor- 
driven  pump  which  can  be  used  in  case  of  emergency. 
Dresser  fittings  are  vised  in  the  fecil-])u)iii>  unction  lines 
to  allow  for  quickly  disconnecting  llie  line  for  cleaning. 

Gas  Exgixes  pok  Holuki!  Si;i:vick 

The  two  tandem  double-acting  gas  engines  shown  in 
Fig.  9  are  of  -100  hp.  each,  using  illuminating  gas  of  660 
B.t.u.  per  cu.ft.  The  engines  are  direct  connected  to 
exhausters,  running  at  175  r.p.m.  and  capable  of  deliver- 
ing 750,000  cu.ft.  of  gas  per  hour  against  5  lb.  pressure. 
During  the  day  the  holder  is  filled  with  gas  from  a  pres- 
sure main  and  when  there  is  a  large  demand  the  engines 
pump  the  gas  from  the  holder  back  into  the  pressure  main 
whence  it  is  delivered  through  governors  into  the  dis- 
tribution system  at  a  constant  pressure. 


English  Boiler  Explosions 

The  annual  report  for  the  year  ended  June  30,  1913, 
on  the  working  of  the  Boiler  Explosion  Acts,  1882  and 
1890,  has  just  been  issued  by  the  Board  of  Trade.  During 
the  period  named  100  preliminary  inquiries  and  si.v 
formal  investigations  were  held  under  the  provisions  ol 
the  acts.  The  106  explosions  thus  dealt  with  caused  the 
death  of  30  persons  and  injury  to  75  others. 

It  is  interesting  to  note  that  in  20  out  of  the  27 
explosions  which  occurred  on  ships  no  person  was  in- 
jured and  that  in  the  remaining  seven  explosions  13  per- 
sons were  killed  and  four  injured. 

The  number  of  persons  killed  during  the  year  from 
the  explosion,  etc.,  of  boilers  on  land  and  sea  is  abo\e 
the  average  (26.3)  for  the  30  years  since  the  acts  came 
into  force,  and  compares  unfavorably  with  the  compara- 
tively low  death  rate  during  the  preceding  three  years,  in 
which  the  average  was  only  13.  This  is  very  largely 
due,  the  report  states,  to  two  explosions,  in  each  of  whicii 
six  persons  were  killed.  There  were  10  explosions  from 
heating  apparatus  during  the  year;  nine  of  these  occurred 
during  the  cold  weather  at  the  beginning  of  February, 
1912,  and  were  all  due  to  the  pipes  being  obstructed  by 
ice. — The  J'oirer  User. 
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PRINCIPAL  EQUIPMENT  OF  THE  FLATBUSH  GAS  COMPANY'S  PLANT 

Kind  Capacity  Dimensions  Operating  Conditions 
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Superheater.^ .  . 

Mair 

engines. . . 

Mam 

turbine 

Main 

turbine.... 

Main 

turbine 

n  units  supply . 
n  units  supply - 
II  units  supply.  , 
!i  units  suppl.,-, 
uperlieat 


2  Main  generators. 

1  Main  generators. 

1  Main  generators. 

1  Main  generators. 

1  Switchboard 

1  Condenser.  .  , 

1  Condenser. 

1  Condenser.  .  . 

1  Condenser.  , 

2  Feed  pumps . , 

2  Feed  pumps 


Water  tube .520  hp.  each.  inn-lb.  pres. 

Water  tube MO  hp lllll  Ih,   pr.s 

Water  tube 393  hp K.lHI..  pr.-,    i 

Water  tube 250  hp.  each  liil)  lb   pi.,    i 

St.  IM  dt-K.  !■ 

Vertical  cross  comp.    450  hp.  each 19x38x18    .  .  190    r.p.m.,  2 

Horizontal  reaction.    7.50  kw 1800  r.p.m.,  27-in.  vac 

Horizontal  reaction .    2500  kv.a 1800  r.p.m.,  27-in.  vac 

Double    flow    (reac- 
tion and  impulse).  3125  kv.a 3600  r.p.m.,  29-in.  vac 

A.  C 300  kw.  each.  ,  ,  2  phase  60  cycle  2200  volts 

AC 750  kw .  2  phase  60  cycle  2400  volts 

A.  C 2500  kv.a 2  phase  60  cycle  2400  volts 

A.  C 3125  kv.a 2  phase  60  cycle  2400  volts. . 

Gray  marble Direct  control 

Le  Blanc  Jet 3125  kv.a..  .  Turbine  service 

Tomlinson  jet 2500  kv.a. ..  Turbine  service 

Connersville  jet.. ...  ,  ,  .   750  kw Turbine  .service 

Worthington  jet . .  ,   9x14x15....  Reciprocating  eng.  service 

Reciprocating ,    10x6x10 — 

7}x4Jxl0.  .  Boiler  feed 

Centrifugal 2(J0  g.p.m.  against 

200  lb.  pressure.  3" 4  stage  2400  r.p.m.  turb.  driven. . 

1     Hydraulic  pumps Centrifugal 300  g.p.m.  against 

175Ib.'pressure.  5" 3  stage  1800  r.p.m.  motor  driven. 

too  g.p.m.  against 


Hot  water  cir.  pumps Centrifuga 


1     Cir.  pump. 


Volu 


1  Cir.  pump 

1  Well  pump 

4  Motors.  , 

1  Motor 

1  Motor 

1  Motor  generat'i 

1  Motor  generato 

1  Motor 

1  Motor 

2  Turbines 

1  Turbines 

1  Cooling  tower. 

1  Cooling  tower . . 


195' head 
2.500  g.p.m.    „ 

50'  head 10' 

3000  g.p.m.  against 

.50' head 10' 

3000  g.p.m.  against 

50'  head 10' 

250  g.p.m.  against 

195'^head.  ■"' 


2" 2  stage  1800  r.p.m.  motor  driven. 


!  900  1 


....   3  stage  1800  r.p.m.  motor  dr: . 
Induction .50  hp.  each 2  phase  60  cycle  2200  volts  900 


1  Cooling  tower 

2  Feeder  regulators . . 
4  Feeder  regulators.  . 

1  Motor  generator  set . . 

2  Exciter I),  f 

1  Exciter  generator 1).  C 

1  Exciter  turbine Impulse 

2  Gas  engines Tandem  . . 

1  Constant  current  transformers .  Oil  cooled 

1  Constant  current  transformers.  Oil  cooled 

1  Constant  current  transformers .  Air  cooled 

1  Constant  current  transformers.  Oil  coolerl 

1  Constant  current  transformers.  Oil  cooled 

1  Constant  current  transformers.  Oil  cooled 

1  Constant  current  transformers.  Air  cooled 

1  Constant  current  transformers.  Oil  cooled 

1  Constant  current  transformers.  Air  cooled 

1  Constant  current  transformers.  Air  cooled 


Induction .50  hp 

Induction SO  hp. 

Synchronous 75  kw    , 

.Synchronous 180  kw 

Induction 5  hp. .  ,  . 

Induction 75  hp 

steam. . . .    .  "      .      .45  hp 

Steam 125  hp 

Forced  draft.  .  ,  40,875  sq.ft.  co 

ing  surface. ,  . 
Natural  and  induced 

draft 63,000  sq.ft.  c.s 

Worthington .  , ' 

200  amp 


2pha 
2pha 
2phai 
2phai 
2phai 
2  pha 


!  60  cycle  220  volts,  514  r.p 
3  60  cycle  2200  volts  1800  i 
;  60  cycle  2200  volts  720  r.p 
!  60  cycle  2200  volts  514  r.p 
;  60  cycle  220  volts  1800  r.p 
cycle  220  volts  3600  i 


150  amp. . 
25  kw. . .  , 
11  kw. 
3S  kw. .  , 
35  kw.    , 
400  hp. 
fiS  kw. .  . 
,34  kw. 
71  kw. . 
fiS  kw. ,  . 

34  kw.. 
,34  kw. ,  . 
71  kw... 
.34  kw.. 
30  kw. .  , 

35  kw.. 


150  lb.  press.,  2400  r 
1,50  1b.  press.,  1350  i 

2  7-ft.  fans,  150  r.p 

1  10-ft.  fan,  180  r.p, 
1   7-ft.  fan,  1,50  r.p.i 

2300  volts 

2300  volts.  .  . 
125  volts 


115  volts  318  ; 


3600  1 


150  lb.  pressure  3600 
Illuminating  gas  660  B.t.u.,  175 
100  light  type  r.o.,  2200  volts,  . 
.50  light  type  r.o.,  2200  volts 
100  light  type  r.n.,  2200  volts 
100  light  type  r.o.,  2200  volts 
50  light  typo  r.o.,  2200  volts 
50  light  type  r.o.,  2200  volts 
100  light  type  r.n.,  2200  volts 
.50  light  type  r.o.,  2200  volts 
■50  light  type  r.n.,  2200  volts 
'^'1  light  type  r.n.,  2200  volts 
'•'1  light  type  r.n.,  2200  volts.  . 
5')  light  type  r.o.,  2200  volts. , 


Manufacturer 
.  Babcock  &  Wilcox  Co. 
.  Babcock  &  Wilcox  Co. 
.  Babcock  &  Wilcox  Co. 
.  Babcock  &  Wilcox  Co. 
.    Babcock  &  Wilcox  Co. 

Ball  &  Wood  Co. 
.    Allis  Chalmers  Co. 

Allis  Chalmers  Co. 

.    Westinghouse  Elee.  &  Mfg.  Co. 
.    Westinghouse  Elec.  &  Mfg.  Co 

Allis  Chalmers  Co. 

^Ili^  r'h„iniers  Co. 

^y'-,,:r_ ..   Elec.  &  Mfg.  Co. 

>:■■:.'  .a    I    l^ilricCo. 

^^ '    iiii-h..!!  !■  -Machine  Co. 
-\lh,  ChalliiLTS  Co. 
Connersville   Blower  Co. 
Worthington    Steam    Pump    Co. 

Worthington  Steam  Pump  Co. 

Alberger  Pump^  Cond.  Co. 

,    Aio^Tger  Pump~&  Cond.  Co. 

.Alberger  Pump  &  v.:ond.  Co. 

Buffalo  Pump  Co. 

Buffalo  Pump  Co. 

.\lberger  Pump  &  Cond.  Co. 

.Alberger  Pump  &  Cond.  Co. 
.    Cieneral  Electric  Co. 
.   General  Electric  Co. 
.  General  Electric  Co. 
.    Westinghouse  Elec.  &  Mfg.  Co 
.    Westinghouse  Elec.  &  Mfg.  Co. 
.    General  Electric  Co. 
.  CJeneral  Electric  Co. 
1  Terry  Steam  Turb.  Co. 
1  Terry  Steam  Turb.  Co. 

The  Flatbush  Gas  Co. 

Alberger  Pump  &  Cond.  Co. 
Worthington  Pump  &  Cond.  Co. 
General  Electric  Co. 
General  Electric  Co. 
Westinghouse  Elec.  &  Mfg.  Co 
Westinghouse  Elec.  &  Mfg.  Co 
General  Electric  Co. 
General  Electric  Co. 
.   Buckeve  Engine  Co. 
General  Electric  Co. 
i:-!..  I,,[    I    I.  .trie  Co. 

':■'■!•'  I  '. .  T..-  Co. 


C;eneral  El,.,tricCo. 
General  Electric  Co. 
General  Electric  Co. 
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Krause  Absorbent  Oily  Condensate 
Filter 

The  illustration  lierevrith  shows  a  filtering  apparatus 
lesigned  to  completely  remove  the  emulsified  oil  or  grease 
rom  oily-  and  cloudy-looking  condensate  coming  from 
team  separators,  feed-water  heaters,  traps,  surface  con- 
lensers  and  pipe  drips  of  all  kinds,  so  that  the  purified 
rater,  instead  of  being  run  to  waste,  may  he  reused  as  a 
loiler-feed  water  and  for  other  purposes  where  clear  and 
lean  water  is  required. 

jOi/Dra/n  h/ef 


Details  of  Filter  Coxstkcction 

The  filter  is  divided  into  an  upper  and  a  lower  com- 
)artment,  the  upper  compartment  removing  the  rough  or 
loating  oil  by  means  of  finely  divided  granular  coke, 
iue  dust  or  other  suitable  straining  material.  The  lower 
■ompartment  contains  a  patented  combination  of  a  fibrous 
ibsorbent  silicate  mixed  with  a  granular  mineral,  also 
laving  strongly  absorbent  properties. 

The  condensate  to  be  purified  enters  at  A,  through  the 
;trainers  or  sand  valves  B  and  passes  downwardly  through 
he  upper  layer  of  fine  coke  or  other  straining  bed,  leav- 
ng  therein  all  of  the  rough  oil  from  the  condensate  or 
Irips  from  steam  lines  and  heating  system  returns. 


After  passing  through  the  upper  bed,  the  condensate, 
which  then  contains  only  the  emulsified  oil,  heretofore 
found  impossible  to  filter,  passes  into  the  lower  strainers 
and  thence  onto  and  through  the  lower  bed  or  layer  of 
absorbent  material,  wherein  the  last  traces  of  oil  are  ab- 
sorbed or  removed  from  the  water,  so  that  after  the  water 
emerges  it  leaves  the  outlet  pipe  C  ])erfectly  clear  and 
may  then  be  pumped  directly  into  the  boiler  or  to  a  feed- 
water  heater. 

This  filter  may  be  worked  either  by  gravity  where  the 
head  is  sufficient,  or  a  pressure  pump  may  be  used. 

After  the  upper  layer  has  strained  out  the  roiigh  oil 
from  the  water  a  reverse  current  of  hot  water  is  admitted 
from  time  to  time  through  the  pipe  D;  the  inlet  valve  A 
is  closed  and  the  outlet  valve  E,  controlling  the  waste 
pipe,  is  open.  As  the  granular  material  in  the  said  upper 
compartment  only  acts  as  a  strainer,  it  is  retained  within 
the  filter  by  means  of  the  sand  valves  which  permit  the 
oil  and  oily  water  only  to  pass  through.  When  this 
granular  material  is,  from  time  to  time,  worn  down  and 
becomes  too  fine  it  may  be  removed  through  the  nozzle  F. 
Xew  straining  material  is  then  introduced  through  a 
manhole  in  the  upper  dished  head. 

When  the  fine  or  emulsified  oil  absorbent  in  the  lower 
compartment  is  saturated  or  exhausted,  which  may  take 
several  months,  it  is  removed  through  the  lower  nozzle  G. 
A  new  charge  of  absorbent  is  then  introduced  through 
the  manhole  H. . 

Instead  of  wasting  the  rough  oil  from  the  ujjper  com- 
partment by  emptying  it  into  the  sewer,  it  may  be  col- 
lected in  a  special  tank  from  which  it  may  be  floated 
off  and  again  purified  by  any  of  the  well  known  methods. 
As  no  chemicals  or  solvents  are  used  in  the  filtering 
process,  and  as  the  absorbent  used  is  entirely  neutral  this 
tends  to  render  the  subsequent  purification  of  such  oil 
very  simple. 

Provision  is  made  to  agitate  and  break  up,  by  means 
of  a  reverse  current  through  the  lower  strainers,  the  layer 
of  oily  matter  which  gathers  from  time  to  time  upon 
the  upper  surface  of  the  absorbent  in  the  lower  compart- 
ment. 

This  oily  scum  and  saturated  absorbent  may  then  be 
discharged  into  the  sewer  or  other  receptacle  through  the 
vertical  waste  pipe  connected  at  •/  to  the  upper  end  of  the 
lower  compartment. 

Steam  and  air  to  agitate  the  absorbent  are  introduced 
by  means  of  an  air  injector  and  steam  connection,  as 
shown  at  K. 

This  process,  which  is  patented  in  this  and  other  coun- 
tries, works  with  either  hot  or  cold  water,  requires  no 
chemicals,  alum,  or  other  solvents  and  is  a  direct  process 
of  filtration  capable  of -rendering  the  condensate  perfectly 
clear  and  free  from  oil,  and  is  now  giving  entire  satisfac- 
tion in  numerous  installations. 

When  arranged  horizontally,  so  as  to  require  less  height, 
this  filter  is  readily  adapted  for  marine  use,  where  a  clean 
feed  water  is  even  more  in  demand  than  it  is  on  land,  and 
where  the  dangers  of  using  oily  feed  water  are  much  more 
serious. 

Where  efficient  oil  separators  in  the  steam  line  are  used 
or  an  effective  separation  of  the  coarser  oil  is  carried  out 
by  means  of  turkish  towelling  or  multi-screen  filters,  the 
upper  chamber  of  this  absorbent  filter  is  arranged  to  give 
double  the  filtering  capacity  by  omitting  the  coarse  granu- 
lar bed  and  substituting  the  fibrous  absorbent  instead. 
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This  filter  is  built  in  nny  size  up  to  12  ft.  in  diam- 
eter, depending  upon  conditions,  liy  A.  E.  Krause,  345 
Tairmount  Ave.,  Jersey  City.  N.  J. 

Boiler  Graphite    Feeder 

A  satisfactory  feeder  for  boiler  graphite  is  illustrated 
herewith.  It  consists  of  a  reservoir  and  piping  equipped 
with  valves  by  which  the  reservoir  may  be  cut  out  from 
all  water  pressure.  When  the  water-inlet  valve  is  opened 
and  the  city  water  pressure  is  applied  to  the  reservoir,  a 
combination  of  water  and  graphite  is  fed  through  an  out- 
let valve  at  the  bottom  of  the  reservoir  into  the  feed 
water  on  the  suction  side  of  the  pump.  The  amount  of 
water  saturated  with  graphite  passing  to  the  pump  can 
be  adjusted  by  noting  how  fast  it  is  traveling  through 
the  water  glass. 

When  the  contents  of  tlic  reservoir  become  exhausted 
the  valves  are  closed  and  the  reservoir  is  emptied  through 


locknuts,  the  whistle  levers  can  be  regulated  to  blow  the 
whistle  at  any  high-  or  low-water  level  desired. 

On   the  npper   side   of   tlie   upper   head,   opposite   the 
whistle  lever  is  a  lever  connecting  the  main  shaft  with 


Pll'IXG    OF    THE    GlUPHITE    FEEDER 

a  drain  valve.  After  draining  off  the  clear  water  the 
reservoir  is  again  filled  with  graphite  and  the  feed  regu- 
lated as  before. 

The  illustration  shows  the  nuxnner  in  which  the  feeder, 
which  is  made  by  the  United  States  Graphite  Co.,  Sagi- 
naw, Mich.,  is  connected  with  the  pipe  line  at  the  suction 
side  of  the  pump. 

Combo  Combination  Water  Column 

The  combination  water  column,  described  herewith,  is 
simple  in  design,  compact  and  is  a  combination  of  water 
column,  whistle  alarm,  electric  water  gage,  recording 
panel  and  graduated  feed-water  regulator  attachments, 
which  are  operated  by  a  compound  lever  system  of  hinged- 
pin  construction  contained  within  the  main  body.  It  is 
manufactured  by  the  Combo  Engineering  Co.,  Inc.,  Union 
Springs,  N".  Y.  This  lever  system  is  brought  outside  on 
small  hinged  shafts  upon  which  are  mounted  levers  to 
operate  all  attachments. 

Inside  of  the  main  body.  Fig.  1,  a  large  float  valve 
is  connected  to  the  main  lever  which  is  hinged  on  a  shaft 
and  operates  the  individual  levers.  The  whistle.  Fig.  2, 
is  mounted  upon  the  upper  head ;  the  operating  lever  is 
connected  by  two  rods  to  a  rocker-arm  fitted  upon  the 
shaft  mentioned.  As  the  water  level  changes  the  rocker- 
arm  rotates,  and  as  the  rods  are  provided  with  adjusting 


Fig.  1.   Section  theot'gh  Main  Body  of  Column 

terminals  which  are  connected  by  wires  to  the  signal  gage, 
which  consists  pf  five  lamps  connected  to  as  many  con- 
tacts on  the  alarm  head.  The  contacts  are  in  definite 
relation  to  the  water  level  so  that  the  lamp  correspond- 
ing to  the  exact  water  level  is  always  lighted.     Several 


Pig.  2.    Exteeior  View  of  Water  Column 

gages  can  lie  connected  to  a  unit.  The  lamps  at  the  top 
and  bottom  have  red  bulbs.  A  buzzer  can  be  connected 
with  the  lamps  for  high  and  low  water. 

A  special  valve  regulates  the  flow  of  feed  water.  It  is 
connected  to  the  lower  head  and  is  operated  by  the  lever 
system  inside  the  column.     When  the  boiler  is  steaming 
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the  water  level  is  luaintaiDed  at  any  point  above  or  below 
the  middle  gage  by  regulating  an  adjusting  screw  which 
changes  the  time  when  the  four  contacts  unseat  the  disk 
valves  in  the  special  valve  with  relation  to  the  position  of 
the  float,  which  is  at  the  actual  water  level  in  the  boiler. 

Ideal  Indicator  Hook 

This  little  device  has  been  designed  to  connect  the  in- 
dicator cord  with  the  pin  on  the  engine  crosshead  with 
ease  and  certainty,  under  any  conditions  and  at  any 
speed.  In  Fig.  1  is  shown  the  hook  in  position  to  con- 
nect to  the  crosshead  arm  or  any  other  device  moved  by 
the  crosshead. 

By  holding  the  shank  of  the  hook  lightly  between  the 
fore  and  middle  finger,  as  shown,  and  advancing  the  hand 
until  the  moving  arm  strikes  the  trigger  of  the  hook, 
the  spring  and  hook  incloses  the  arm.  As  the  arm  moves 
in  the  opposite  direction  the  hook  is  carried  away  from 
the  fingers.     This  enables  the  operator  to  make  connec- 


HooKixG  Ox  AND  Off  Ideal  Ixdicator  Hook 

tion  without  injury  to  himself,  or  trouble  in  performing 
the  operation. 

In  Fig.  2  is  shown  the  releasing  position.  By  placing 
one  finger  beneath  the  cord  and  then  advancing  it  far 
enough  to  engage  the  curved  end  of  the  trigger,  the  hook 
will  be  disengaged  from  the  arm  and  the  device  will  be 
left  suspended  on  the  operator's  finger.  The  hook  will 
work  in  any  position,  and  with  either  a  round  or  flat  arm. 
It  is  made  of  steel,  nickel-plated,  and  weighs  less  than 
one  ounce.  It  is  manufactured  by  Jo.seph  Stewart,  406 
East  Millville  Ave.,  Hamilton,   Ohio. 


Loosened  Idler  Pulley  Wrecks 
Flywheel 

By  Llovi)  \'.  Bkets 

The  accompanying  illustration  gives  'an  idea  of  the 
havoc  wrought  by  the  recent  bursting  of  a  40-ton  flywheel 
in  the  engine  room  of  the-  Liberty  Flouring  Mills,  South 
Nashville.  Teiin. 

The  32x()()-in.  Corliss  engine  was  developing  about 
1800  hp.    The  2'i-h.  fiywheel  was  double,  as  .shown,  each 


Peculiar  Freak  of  Flywheel  Explosion 

wheel  having  a  36-in.  face  or  a  combined  face  of  6  ft. 
The  spokes  broke  off  short  at  one  luib,  but  the  spokes  on 
the  other  were  left  intact  with  a  little  of  the  rim  adhering 
to  them.  Portions  of  the  wheel  went  through  a  thick 
brick  wall,  making  an  opening  11x30  ft.  in  size,  wreik- 
ing  a  box  car  on  a  siding  outside  of  the  building,  in  which 
a  negro  laborer  was  killed.  This  hole  in  the  roof  is  a 
little  back  toward  the  cyliiidei'  frmn  the  crankshaft  end 
of  the  engine. 

The  wreck  was  caused  by  a  large  tightener  pulley  break- 
ing away  from  its  mooring  and  bumping  into  the  flywheel, 
knocking  out  a  section  of  the  rim.  after  which  the  entire 
wlieel  went  to  pieces. 

A  few  minutes  before  the  wreck  the  engineer's  atten- 
tion was  called  to  this  tightener  by  a  noise,  which  was 
out  of  the  ordinary,  and  when  it  left  its  place  he  was  on 
the  other  side  of  the  flywheel  in  the  act  of  tightening  it. 
While  the  flywheel  was  tearing  itself  to  pieces  the  eni;i- 
neer  closed  the  throttle. 

The  safety  stop  was  broken,  biit  the  engine  did  not 
speed  np  perceptibly  before  steam  was  shut  off.  Other 
than  the  loss  of  the  flywheel  the  engine  did  not  suffer. 
The  damage  was  estimated  at  $5000. 
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Standard  Dimensions  for  Brass  Flanges 

<.)ii  Sept.  17,  l!»lo,  the  Coinniittee  of  jMamilaeUirer,- 
on  Standardization  of  Fittings  and  A'alves  adopted  the 
dimensions  given  in  the  accompanying  tables  as  standard 
for  brass  flanges.  These  schedules  are  to  be  efl'ective  Jan. 
1,  l'J14.  ^\'ith  reference  to  the  flanges  the  bolt  holes  are 
to  be  drilled  ^V  ^^-  greater  than  the  bolt  diameter  for 
sizes  2  in.  and  smaller  and  Vs  "i-  greater  for  sizes  Si/o 
in.  and  larger.  The  flanges  are  to  have  plain  smooth 
"faces,  and  when  coupled  with  extra-heavy  iron  flanges, 
\alves  or  tittiugs,  the  latter  should  have  the  raised  sur- 
fai-es  faced  oft'. 

TABLE  1.     STANDARD   FLANGES   FOR  PRESSURES   UP   TO    125   LB, 


Dill,  of 

Thickness  o! 

f    Bolt  Ci 

irclp, 

No.  of 

Plange,  In, 

Flange.  In. 

In 

Bolts 

25 

A 

111 

i 

Si 
9  J 
lOJ 
lU 
135 
1-41 


TABLE  2.       EXTRA.-HEAV\'  FLANGES  FOR  PRESSURES  UP  TO  250  LB 


Flange,  In.  Flange,  In. 

3  i! 
3}  H 

4  A 
45  i 

6  A 


i  of    Bolt  Circle, 


Tight   Settings  for  Water-Tube 
Boilers* 

The  brickwork  of  every  boiler  should  hold  the  heat. 
For  that  purpose,  first,  the  passages  for  heat  outward 
through  the  setting  should  be  effectively  restricted,  and, 
second,  there  should  be  no  cooling  off  of  the  hot  gases  by 
drawing  large  quantities  of  cold  air  into  the  flues. 

This  twofold  purpose  may  be  attained  by  making  the 
setting  thick  enough,  of  material  having  little  porosity 
to  air — glazed  brick,  for  example — with  closest  possible 
joints,  these  to  be  well  tilled  and  cracks  in  the  masonry 
to  be  avoided. 

The  joints  should  not  be  niore  than  ,"',.,  in.  wide  out- 
side and  -fV  i"-  inside.  With  lirebrick  work  the  mortar 
used  for  filling  should  have  the  composition  of  the  bricks. 
It  is  advisable,  if  at  all  possible,  only  to  fill  the  joints 
after  the  setting  has  been  in  service  for  some  time  and 
is  therefore  perfectly  dry. 

The  following  are  rules  for  avoiding  cracks  in  the 
setting : 


•Abstract  of  a  report  by  Chief-Engrineer  Pietzsch  pre- 
sented at  the  convention  in  Munich,  of  the  International  As- 
sociation of  Steam  Boiler  Inspection  Societies;  translated  from 
"Gliickauf." 


it  is  especially  important  to  lay  a  good  foundation. 
The  boiler  setting  is  to  be  treated  like  the  masonry  of  a 
house  and  adequate  foundations  are  particularly  needed 
where  the  weight  of  the  boiler  is  to  be  carried  from  the 
ground. 

Further,  the  boiler  setting  must  be  well  tied,  which  is 
especially  true  for  the  parts  of  the  masonry  around  the 
fire  hearth.  It  is  i)roper  to  construct  the  ties  as  also  car- 
riers for  the  weight  of  the  boiler  and  either  to  lay  the 
boiler  upon  the  ties  or  hang  it  therefrom. 

The  play  needed  for  expansion  must  be  given  to  the 
body  of  the  boiler  and  no  thrust  against  the  setting  must 
be  permitted.  Where  parts  of  the  boiler  extend  through 
the  setting,  some  play  should  be  allowed  and  the  masonry 
at  these  places  should  be  secured  with  iron  framing.  The 
resulting  crevice  is  to  be  closed  with  asbestos  wool,  rope  or 
sheets.  Likewise,  all  openings  required  in  the  setting  are 
to  have  iron  framing  and  be  well  packed.  Entrance  open- 
ings are  to  be  walled  oft'  behind  the  door  to  a  thickness  of 
half  a  brick  and  plastered  with  clay  mortar. 

No  part  of  the  masonry  should  rest  on  the  boiler  it.self, 
but  each  should  have  its  own  support. 

In  the  thick  side  walls  it  is  advisable  to  leave  insulation 
spaces  from  2  to  4  in.  wide,  averaging  about  3  in.,  thus 
dividing  the  brickwork  into  an  inner  and  outer  wall. 
E\ery  five  or  six  courses  the  two  walls  are  connected  by 
two  superposed  courses,  but  openings  are  left  in  them 
to  unite  the  insulation  spaces. 

Where  these  bridging  courses  are  inserted  there  are 
employed  hoop-iron  or  woven-wire  inserts,  which  in  case 
of  expansion  by  heat  give  the  inner  wall  body  a  great 
freedom  of  movement  with  respect  to  the  outer  one,  yet 
connect  the  two  with  adequate  rigidity.  Also,  to  prevent 
cracks,  inserts  of  hoop-iron,  etc.,  can  be  laid  in  the  joints 
of  the  brickwork. 

The  inner  wall  should  be  made  not  less  than  16  in. 
thick,  so  that  for  an  open  space  3  in.  wide  and  an  outer 
wall  one  brick  thicker,  the  minimum  wall  thickness  is 
27  in. 

If  the  foregoing  rules  are  observed  the  setting  will  an- 
swer the  requirements  that  were  laid  down  at  the  start. 
The  speaker  gave  also  rules  for  protecting  the  masonry 
around  the  furnace  and  mentioned  special  packing  ma- 
terial of  dift'ereiit  manufacturers.  Also  for  packing  and 
to  a  certain  extent  encasing  the  surface  of  the  setting, 
there  are  used  single  and  double  coats  of  tar,  oil-paint 
and  water  glass  (potassium  or  sodium  silicate).  For  fill- 
ing the  cracks  that  occur,  there  may  be  used  loam  and 
molasses,  loam  with  infusorial  earth,  tar  with  infusorial 
earth,  water-glass  and  loam  with  liorse  manure. 

For  packing  the  cracks  that  occur  it  has  proved  effective 
to  use  strips  of  linen  fastened  with  broad-headed  nails 
to  the  cracked  places  and  spread  with  plaster  of  paris 
stirred  in  water. 

If  lack  of  room  compels  the  use  of  thin  outer  walls, 
they  can  be  effectively  tightened  and  strengthened  by 
covering  with  sheet-metal  plates  and  filling  the  crevices. 

Elaborate  iilans  are  being-  laid  down  for  the  stoiage  and 
handling  of  coal  at  the  Panama  Canal  ter»>iinals.  There  will 
be  two  main  coaling  plants,  one  at  Cristobal  and  the  other 
at  Balboa.  The  former  is  to  be  the  larger  and  will  have  a 
capacity  for  100,000  tons  under-water  storage  as  a  reserve 
for  naval  use.  100,000  dry  storage  for  canal  use  and  100,000 
tons  for  emergency  use.  At  the  Balboa  plant  there  will  be 
capacity  for  100,000  tons  wet  storage,  80,000  tons  dry  storage 
and    30,000    tons    for   emergency    use. 
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Locomobiles  on  the  Uniflow  System 

By  Dr.  Alfred  Grademvitz 
It  will  be  remembered  that  in  the  uniflow  engine,  the 
flow  of  steam  and  accordingly  the  flow  of  heat  is  in  the 
same  direction.  The  steam  enters  at  both  ends  of  the 
cylinder  and  issues  from  its  center,  undergoing  on  its 
path  no  change  in  direction.  The  ends  where  the  steam 
enters  are  accordingly  never  cooled  by  the  escaping  steam, 
thus  eliminating  a  large  source  of  loss  obtained  in  or- 
dinary steam  engines.  The  single-cylinder  Stumpf  en- 
gine has  a  steam  consumption  as  low  as  the  best  of  com- 
pound engines,  and  besides  the  steam  consumption  re- 
mains practically  constant  within  wide  limits  of  load. 
A  marked  advantage  of  the  Stumpf  engine  is  its  sim- 
plicity. 

A  iirm  of  German  builders,  the  Maschinenfabrik  Ba- 
denia,  of  Weinheim,  has,  with  others,  been  building  a 
locomobile  designed  on  the  Stumpf  system.  In  this  loco- 
mobile, condensing  is  effected  in  an  injector  condenser, 
the  vertical  air  pump  of  which  is  driven  from  a  crank- 
pin  mounted  oil  the  flywheel  hub.  The  feed  water  is 
heated  in  a  eounterflow  prelieater.  The  boiler  combined 
with  the  engine  in  a  compact  unit  is  equipped  with  re- 
movable tubes,  which  are  arranged  to  give  easy  access 
for  cleaning.  The  boiler  shell  and  the  superheated  steam- 
supply  pipe  are  thoroughly  jacketed  to  prevent  any  ap- 
preciable loss  from  radiation.  The  boiler  and  superheater 
have  been  so  proportioned  that  a  superheat  upward  of 
250  deg.  F.  is  available  at  normal  loads.  The  superheater 
is  of  the  thin-flow  type  (on  the  Platz  system)  made  up 
of  tubes  arranged  in  front  of  the  boiler  tubes  and 
traversed  by  steam  in  a  direction  opposite  to  that  of  the 
gases.  The  superheater  travels  on  rollers  inside  the  cas- 
ing, and  is  so  arranged  that  the  smoke  may  be  discharged 
toward  the  top  or  downward. 

In  the  case  of  large  condensing  engines,  a  preheater  is 
used  and  encompasses  the  superheater,  insuring  a  further 
utilization  of  the  gases  escaping  fiom  the  superheater. 
This  pieheater  consists  ot  t\\o  systems  of  hemispherical 


tubes  traversed  by  the  boiler-feed  water  in  a  eounterflow 
direction  to  the  gases.  These  systems  are  connected  with 
the  feed-water  pipe  and  with  one  another.  The  super- 
heater has  high  efficiency  in  spite  of  a  relatively  small 
heating  surface  as  the  steam  is  distributed  into  such  thin 
currents  that  the  heat  of  the  gases  is  readily  absorbed. 

Horizontal  grate  furnaces  are  used  exclusively  in  the 
case  of  ordinary  bituminous  coal.     An  extra-large  hori- 
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Fig.  2.  Boiler  Equipped  -with  Both  Superhe.vter 
AND  Preheater 

zontal  grate  can  be  employed  in  connection  with  low 
grade  coal  or  lignite,  while  stepped  grates  are  found  mos 
suitable  in  the  case  of  sawdust,  and  the  like.  Coal-firec 
boilers  of  more  than  100  hp.  are  preferably  equipped  witl 
automatic  stokers.  Apparatus  for  firing  liquid  fuel  cai 
also  be  provided. 


Fig.  1.   Sectional  Views  op  Boilek,  Showing  Superheater  in  Front  of  Tubes 


Novombor  IS,  1913 


POWER 


715 


r4-rl- 


Power 


Fig.  3.  The  Engine  befoke  Being  Fitted  on  Boiler.   Fig.  4.   View  actjoss  Crankshaft.    Fig.  -5.   Cylindee 

AND  Valve-Gear.    Fig.  6.    Erecting  Locomobile.  Fig.  7.  Locomobile 

Assembled  and  Ready  for  Action 
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ELECTRICAL     DEPARTMENT 
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Comparison  of  Lead-Sulphuric  and 
Edison  Types  of  Storage  Battery 

By  Ecgexk  Osteb 

The  lead-acid  batter}-,  due  to  its  i)rioritj-,  has  been  uti- 
lized in  all  applications  where  a  storage  battery  can  be 
used:  its  largest  field  is  for  power-house  work.  Owing 
to  its  high  eificieucy,  it  is  improbable  that  its  supremacy 
in  this  field  will  be  endangered  by  any  other  type  of  bat- 
tery, since  a  difference  of  a  few  per  cent,  in  efficiency  is 
usually  tlie  determining  factor  in  the  selection  of  a  piece 
of  power-plant  apparatus. 

The  Edison  battery,  while  originally  intended  to  fill 
a  need  in  automobile  work,  has  recently  extended  its  field 
cf  usefulness  to  include  a  great  number  of  applications. 
It  is  now  being  used  in  self-contained  car  service,  for 
propelling  mine  locomotives,  for  train  lighting  and  for 
home  lighting  in  isolated  districts.  Its  largest  field,  how- 
ever, has  been  in  the  commercial  truck  service,  where 
light  weight,  fool-proof  construction  and  simplicity  of 
care  render  it  well  suited  for  traction  and  portable  use 
and  offset  its  slightly  lower  efficiency. 

The  advantages  and  disadvantages  of  the  two  types 
will  be  made  more  apparent  by  a  detailed  examination  of 
their  respective  characteristics;  the  comparison  here  in- 
tended, including  construction,  care  and  management, 
efficiency,  capacity,  life  and  cost. 

Thi-  Lead  Cell 

The  lead-acid  battery  consists  of  two  electrodes  or  sets 
of  electrodes,  the  positive  and  negative,  immersed  in  the 
electroh'te.  The  two  electrodes  arc  sponge  lead  (Pb), 
for  the  negative,  and  peroxide  of  lead  (PbOo),  for  the 
positive,  the  electrolyte  being  dilute  sulphuric  acid.  The 
hard,  velvety  brown  chocolate-colored  positive,  and  the 
soft,  light  gray  negative  element,  are  very  readily  dis- 
tinguishable. 

Plates 

Storage  batteries  of  the  ordinary  lead-sulpluiric  type 
are  divided  into  two  general  classes — the  Plaute  and  the 
Faure.  Tlie  Plante  type  of  plate  is  constructed  of  solid 
sheet  lead  so  fashioned  as  to  present  a  large  area  to  the 
action  of  the  electrolyte.  The  active  material  is  formed 
on  the  plates,  either  electrically,  by  charging  and  dis- 
charging (commonly  called  "forming")  or  chemically. 

In  the  Faure  type  the  active  material  is  applied  me- 
chanically to  lead  conducting  plates  or  grids,  and  for 
this  reason  it  is  commonly  called  the  "pasted"  type.  The 
positive  plate  is  made  of  lead  upon  which  a  coating  of 
jieroxide  of  lead  has  been  formed  ot  mechanically  ap- 
plied. The  negative  plate  is  of  ]iure  lead  with  a  spongy 
or  porous  surface,  and  the  plain  lead  body  of  each  plate 
serves  as  a  support  for  the  active  material. 

All  the  materials  of  the  plates,  the  grids,  spongv"  lead, 
lead  peroxide,  and  lead  sulphate,  ar^  practically  insoluble 
in  the  sulphuric  acid.    The  electro-chemical  action  which 


takes  place  in  the  cell  slowly  oxidizes  the  grids  and  causes 
them  to  disintegrate.  The  lead  sulphate  formed  during 
discharge  has  a  greater  volume  than  either  the  spongy 
lead  or  the  lead  peroxide;  consequently,  there  is  expan- 
sion and  contraction  of  the  active  material.  The  in- 
ability of  designers  to  provide  for  this  change  of  volume 
has  been  responsible  for  many  troubles.  Moreover,  the 
lead  peroxide  of  the  positive  plate  is  somewhat  noueo- 
hesive,  and  during  the  subsequent  gassing  at  the  end  of 
the  charge  some  of  it  falls  off,  forming  sediment,  which 
if  allowed  to  accumulate  will  short-circuit  the  plates. 
This  loss  of  active  material,  unless  compensated  by  the 
corrosion  of  the  exposed  lead  surface  to  form  new  lead 
peroxide,  results  in  a  decrease  in  the  capacity  of  the 
plate.  The  spongy  lead  of  the  negative  plates  being  quite 
cohesive  does  not  fall  off  if  the  cells  are  kept  free  from 
short-circuits  and  foreign  materials,  but  it  gradually  be- 
comes more  compact  and  through  the  diminution  of  its 
porosity  its  capacity  decreases.  The  rate  of  this  decrease 
is  greatest  at  the  start  and  finally  becomes  very  small 
The  negative  plates  are  usually  given  sufficient  initial 
capacity  to  provide  for  this  shrinkage. 

Separatiox  and  Ixsulatiox 

In  order  to  keep  the  plates  apart  and  thus  preveni 
short-circuits,  rod  or  diaphragm  separators  are  used  li 
all  batteries  except  those  in  which  the  plates  are  coverec 
with  hard  rubber  or  celluloid  envelopes.  Where  perraa 
nency  is  desired,  the  only  permissible  materials  are  han 
rubber,  glass  and  earthenware.  Wood  separators  are  ex 
tensively  used,  but  must  be  replaced  each  time  the  celli 
are  moved.  Soft  vulcanized  rubl3er  cannot  be  used  fo 
permanent  work,  due  to  its  rapid  disintegration  in  th 
acid. 

ELECTftOLYTE 

The  electrolyte  is  sulphuric  acid,  diluted  with  sufficien 
pure,  distilled  water  to  bring  it  to  the  required  densit} 
the  acid  in  every  instance  being  poured  into  the  watei 
The  density  varies  with  the  condition  of  the  battery  an 
also  has  a  very  important  bearing  on  its  operation.  If  i 
be  too  high  or  too  low,  excessive  sulpliation  is  facilitate 
and  the  plates  are  liable  to  depreciate  rapidly.  The  usuf 
limits  in  practice  are  1.170  to  1.19.5  when  discharged  an 
1.190  to  1.225  when  fully  charged. 

CoxTAixixG  Cell 

Eubbcr  and  celluloid  are  used  almost  exclusively  f< 
traction  and  portable  cells;  gla.ss  is  limited  to  stationaii 
Itatteries.  'Wliile  the  life  of  a  storage  battery  is  mu( 
longer  when  installed  in  glass  jars,  because  it  permi 
examination  of  the  plates,  the  cost  of  the  glass  and 
tendency  to  crack  under  temperature  changes  has  causii 
it  to  be  avoided  in  large  sizes.  Because  of  their  his 
initial  cost  and  short  life,  glazed  earthenware  containe 
have  not  come  into  extensive  nse.  Wooden  lead-lin 
tanks  are  v?ry  largely  used  for  large  station  batteries,  b 
are  somewhat  expensive. 
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Assembling  and  Installation 


The  iudividual  plates  are  assembled  to  form  a  com- 
plete cell,  by  "bnrniugr"  to  a  common  lead  bar  or  strip, 
dl  plates  of  like  polarity.  The  cell  terminals  are  then 
loined  by  means  of  bolts  or  by  "burning."  The  former 
iaethod  is  the  more  expedient,  thongh  open  to  the  ob- 
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Fig.  1.    Gould  Ckll  Partly  in  Section 

jt'ciions  that  the  bolts  must  lie  frequently  inspected  to 
prevent  loose  connections  and  also  that  all  connections 
iiiiisl  be  protected  from  the  acid  spray  by  a  coating  of 
as|ilialtum  or  vaseline.  The  "liurning"  method  requires 
I  he  service  of  a  skilled  workman  and  special  apparatus; 
hi'iiie  is  rather  expensive,  though  ]R>rnianent.  It  also 
I'ciidi'rs  the  plates  less  capable  of  being  disassembled  for 
rliMuiug  than  does  the  bolt  connection. 

liatteries  should  be  installed  in  esj)ecially  prepared 
rooms,  dry  and  arranged  for  maintaining  a  moderate 
tetn])erature  during  cold  weather.  Tlie  room  should  be 
uill  ventilated  and  accessible,  and  the  floor  should  be 
revered  with  asphalt,  tile  or  vitrified  brick,  and  should 
slope  slightly  toward  numerous  discharge  drains.  All 
metal  work  near  the  batteries  must  be  lead  covered,  and 
any  metal  work  subjected  to  acid  fumes  should  be  painted 
with  acid-proof  paint. 

Care  and  Management 

On  continuous  discharge  the  one-hour  rate  should 
usually  not  be  exceeded,  and  this  .should  last  only  a  short 
time,  say,  20  min.,  excei)t  in  emergencies  or  in  the  case 
bf  regulating  l)atteries.  When  discharging  at,  the  normal 
rate,  the  discharge  should  never  be  allowed  to  fall  below 
'i  voltage  of  1.75  volts  per  cell.  At  rapid  rates  the  dis- 
bharge  may  be  carried  down  to  1.60  volts  per  cell.  If 
the  discharge  he  continued  after  these  voltages  are 
ireached,  the  plates  may  be  permanently  injured. 


The  rate  of  charge  may  be  rapid  when  the  battery  is 
nearly  or  quite  exhausted,  but  should  be  low  when  near- 
ing  the  end  of  the  charge,  that  is,  after  gassing  begins. 
The  maximum  charging  rate  should  not  be  greater  than 
the  two-hour  rate,  when  the  eight-hour  rate  is  normal. 
Thin  plates  allow  a  more  rapid  charge  than  thick. 

Each  of  the  cells  of  a  battery  should  be  tested  with  a 
voltmeter  and  a  hydi'ometer  once  a  week.  Where  the 
number  of  cells  in  a  battery  is  large,  frequent  inspection 
of  each  cell  is  impracticable.  Therefore,  a  cell  which 
receives  the  same  usage  as  the  rest  is  selected  to  serve  as 
an  indicator,  and  is  known  as  a  "pilot  cell."  Daily  read- 
ings of  the  voltmeter,  hydrometer  and  thermometer 
should  be  taken  from  this  cell. 

Unless  a  battery  is  properly  looked  alter,  sulphation  of 
the  injurioLis  kind  is  liable  to  set  in  with  the  resulting 
shedding  of  active  material,  buckling,  loss  of  capacity, 
increase  of  internal  resistance  with  consequent  reduction 
of  efficieucy,  and  increase  of  temperature  with  passage 
'of  current. 

Efficiency 

The  efficiency  varies  with  the  rate  r>f  charge  aiul  dis- 
charge.    The  shorter  the  <  yelc  of  iharge  and  discharge. 


Fig. 
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the  higher  is  the  efficiency.  Under  usual  conditions,  the 
watt-hour  efficiency  of  a  battery  used  for  storage  only : 
that  is,  fully  charged  and  subsequently  fully  discharged  : 
is  from  70  to  80  per  cent.  The  larger  the  battery,  and 
the  higher  the  voltage  at  the  end  of  discharge,  the  greater 
will  be  the  efficiency.  With  large  batteries,  in  which  the 
charge  is  never  continued  very  long  after  gassing  begins 
and  discharge  is  stopped  at  about  1.87  volts,  the  efficiency 
of  storage  cells  may  be  as  high  as  85  per  cent.  A  fair 
commercial  figure  is  80  per  cent,  for  storage  and  93  per 
cent,  for  regulation  batteries. 
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Capacity 

The  term  "capacity"  is  to  be  understood  as  referring 
to  the  amount  of  energy  in  ampere-hours  which  may  bo 
taken  out  of  a  cell  from  the  beginning  of  discharge  until 
the  voltage  has  decreased  to  1.80  volts,  when  the  battery 
is  supplying  current  at  the  eight-hour  rate,  or  to  1.68 


Fig.  3. 
Type) 


"Chloride"  Positive  and  Negative  (Box 
Plates — Electric  Storage  Battery  Co. 


volts  when  working  at  the  one-hour  rate,  and  at  a  tem- 
perature of   70   deg.    F. 

The  output  of  a  lead  cell  decreases  with  increase  of 
discharge  rate,  increase  of  time  and  decrease  of  tempera- 
ture. A  loss  of  storage  capacity  may  arise  from  loss  of 
active  material  from  the  grid,  loss  of  electrolyte,  forma- 
tion of  a  layer  of  sulphate  between  the  grid  and  the 
active  material,  or  from  closing  of  the  pores  of  the  plates 
l)y  impurities,  sulphation  or  contraction. 

Life 

The  life  of  a  storage  cell  depends  largely  upon  how 
closely  it  is  worked  to  its  rated  capacity  and  upon  its 
mechanical  construction.  High  rates  of  charge  and  dis- 
charge, high  working  temperature,  vibration,  entrance  of 
impurities  into  the  cell,  and  lack  of  correct  attentiou  have 
a  marked  detrimental  effect.  The  life  of  a  pasted  plate 
is  shorter  than  that  of  the  Plante  type,  while  the  life  of  a 
negative  plate  of  either  kind  is  from  two  to  five  times  that 
of  a  positive  plate  of  the  same  kind.  Plante  positive  plates 
have  a  total  life  of  about  1200  discharges  at  the  eight- 
hour  rate. 

Edison  Tyi'e 

The  basic  idea  of  Edison's  work  appears  to  have  been 
the  elimination  of  sulphuric  acid  and  the  substitution  of 
a  mechanically  strong  material  for  lead.  The  first  result 
of  his  efforts  was  an  alkaline-cadmium-copper  oxide  cell, 
which  was  withdrawn  from  the  market  in  1901.  After 
six  more  years  of  persistent  investigation,  he  brought  out 
the  present  nickel-iron-alkaline  cell. 
Plates 

The  positive  plate  consists  of  heavily  nickel-plated, 
jjerforated  steel  tubes,  arranged  in  rows  and  filled  with 
alternate  layers  of  nickel  hydroxide  and  exceedingly  thin 
flakes  of  pure  nickel.  The  materials  are  fed  in  such  quan- 
tities a-s  to  make  layers  approximately  0.01  in.  in  thick- 
ness for  the  nickel  hydrate  and  less  for  the  nickel  flake. 
The  tube,  after  being  filled  with  active  material,  is  rein- 
forced with  seamless  steel  rings,  which  prevent  it  from 
expanding  away  from  and  breaking  contact  with  the  con- 


tents. The  tubes,  after  being  crimped  and  flattened  at 
both  ends,  are  clamped  into  perfect  contact  with  a  steel 
frame  or  grid,  made  of  cold-rolled  steel  and  heavily 
nickel-plated. 

The  negative  plate  consi.sts  of  a  grid  of  nickel-plated, 
cold-rolled  steel,  holding  a  number  of  rectangular  pockets 
filled  with  powdered  iron  oxide. 

The  perforated  container  construction  prevents  loss  of 
active  material  by  disintegration,  thus  doing  away  with 
sediment,  internal  short-circuits,  and  the  necessity  of  cell 
washing.  Moreover,  the  steel-nickel  construction  of  the 
plates  makes  "buckling"  impossible ;  even  a  dead  short- 
circuit  of  the  terminals  will  not  affect  the  condition  of 
the  plates.  The  materials  composing  the  plates  are  im- 
mune from  attack  by  the  electrolyte  and  thus  their  perma- 
nency is  assured.  jH 

Separation  and  Insulation  ' 

The  plates  are  separated  by  narrow  strips  of  specially 
treated  hard  rubber.  These  strips  correspond  to  the  wood 
and  rubber  separators  used  in  lead  batteries,  but  unlike 
them  are  not  injured  by  the  electrolyte  and  need  never 
be  renewed.  The  end  insulator  is  provided  with  grooves 
that  take  the  edges  of  the  plates,  spacing  them  and  in- 
sulating them  from  the  steel  container.  At  the  sides  of  the 
cell,  between  the  outside  negative  plates  and  the  container, 
are  inserted  smooth  sheets  of  hard  rubber.  At  the  bottom, 
the  elements  rest  upon  a  hard-rubber  rack  or  bridge,  in- 
sulating the  plate  from  the  bottom  of  the  container.  The 
])lates  of  the  positive  and  negative  groups  are  respectively 
fastened  by  nuts  to  horizontal  steel  rods  integral  with  the 
positive  and  negative  terminal  pieces  and  distanced  liy 
steel  washers. 

Electrolyte 

The  electrolyte  consists  of  a  21  per  cent,  solution  of 
potassium  hydroxide  in  distilled  water,  with  a  small 
percentage  of  lithium  hydroxide,  having  a  norma!  si>ecific 


Fig.  4.    "Tudor"  Positive  and  Negative   (Pasted) 
Plates — Electric  Storage  Battery  Co. 

gravity  of  about  1.200.  The  lithium  hydroxide  seems  to  ' 
accomplish  a  cementation  of  the  positive  material.  lu 
the  early  type  where  caustic  potash  was  used  alone,  the 
positive  plates  deteriorated  very  rapidly,  but  when  the 
action  of  the  lithium  hydroxide  was  discovered  and  ap- 
])lied,  this  deterioration  was  overcome.  The  electrolyte 
does  not  vary  in  density  during  charge  and  discharge, 
nor  is  the  capacity  of  the  battery  affected  materially  by 
slight  variations.  In  mixing  the  electrolyte,  no  special 
care  need  be  exercised  in  order  to  prevent  injury  to  the 
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operator,   and   the  potasli   solution   does   not   attack   the 
steel. 

Containing  Cell 

The  rectangular  container  is  made  from  coW-rolled, 
corrugated,  nickel-plated  sheet  steel,  welded  at  the  seams 
by  the  autogenous  method,  making  leakage  or  breakage 
from  severe  vibration  impossible.     The  nickel  protection 


Fig.  5.    Positive  and  Negative  "Exide"  Plates 

— Electric  Storage  Battery  Co. 

is  supplemented  by  dipping  the  container  in  a  compound 
which  gives  it  a  tough,  yet  flexible  insulating  coating. 
The  cover  or  top  is  nickeled  steel  and  is  welded  to  the  rest 
of  the  can  after  all  parts  have  been  assembled  therein. 

The  cover  of  the  early  type  of  can  had  four  mount- 
ings. Two  of  these  openings  were  for  the  polepieces,  a 
third  for  the  separator  valve,  which  permits  the  escape 
of  gas  when  charging,  but  ])revents  spraying,  evapora- 
tion, the  spilling  of  the  electrolyte  and  the  entrance  of 
impurities.  The  fourth  opening  was  for  the  purpose  of 
adding  water  to  replace  that  carried  oif  in  charging,  and 
was  fitted  with  a  cover  that  could  be  clamped  down  and 
made  water-tight  by  a  locking  lever.  The  present  form 
of  cell  has  the  separator  valve  inside  of  the  filling  aper- 
ture, so  that  there  are  only  three  perforations  in  the  can 
cover. 

AssKjm.ixG  AXD  Mounting 

The  cells  are  asseml)led  into  a  battery  in  strong  side- 
suspension  trays,  the  cells  rest  upon  and  are  held  firmly 
ill  place  by  means  of  steel  supports  known  as  "cradles" 
and  "hold-downs."  The  weight  of  an  Edison  battery  being 
nliout  half  that  of  .a  lead  battery  of  the  same  capacity,  and 
the  former  occupying  a  slightly  smaller  space,  a  lighter 
construction  can  be  used  in  a  battery  room  for  the  former 
than  the  latter.  The  Edison  battery  requires  no  fan- 
ventilated  isolated  room  as  no  corrosive  fumes  are  gen- 
erated. The  life  of  the  containers  depends  upon  their 
state  (if  cleanliness,  and  if  neglected  they  will  corrode 
sooner  or  later. 


The  cells  are  electrically  connected  by  nickel-plated 
copper  links,  swedged  into  lugs,  which  fit  the  tapered 
steel  cell  terminals.  The  lugs  are  drawn  down  and  held 
to  a  tight  fit  by  means  of  nickeled  steel  nuts,  which  screw 
on  the  ends  of  the  terminals.  To  facilitate  disconnecting, 
a  screw  jack  is  used  to  separate  the  lugs  from  the  taper 
terminals  to  which  they  practically  "freeze."  Any  person 
can  connect  up  the  cells  and  no  skilled  laborer,  such  as  a 
"lead  burner,"  is  needed. 

Care  and  Management 

The  care  required  by  the  Edison  cell  is  limited  to  such 
matters  as  the  addition  of  distilled  water  to  make  up  for 
charging  loss,  the  renewal  of  the  electrolyte  when  its 
specific  gravity  is  below  1.16  after  a  full  charge,  the  keep- 
ing of  the  outside  of  the  battery  clean,  and  the  occasional 
recoating  of  the  trays  with  an  alkali-proof  paint. 

It  is  permissible,  for  short  periods,  to  discharge  at  any 
rati'  desired ;  but  maximum  power  is  developed  when 
I  he  current  is  about  six  times  normal.  Continuous  dis- 
charge should  not  exceed  25  per  cent,  above  normal  rate. 
Sliort-circuits  subject  the  cell  to  severe  strains,  but  no 
injury  results  if  the  short-circuits  are  not  consecutive  and 
often  repeated. 

The  ability  of  the  Edison  cell  to  stand  sliort-circuits 
is  due  to  its  high  internal  resistance.  The  short-circuit 
current  for  the  alkaline  type  of  battery  is  ab<jut  sixteen 


Fig.  6.  Positive  and  Negativio  Platics — 
Edison  Batteiiy 

times  its  normal  discharge  current,  while  tliat  for  the 
acid-lead  type  is  about  fifty  times  its  iHirinal  discharge 
current. 

Charging  should  never  be  done  at  less  than  the  normal 
seven-hour  rate,  and  may  be  boosted  to  high  rates  for 
brief  periods  so  long  as  the  temperature  of  the  cell  does 
not  rise  above  115  deg.  The  Edison  cell  can  be  recharged 
at  any  time,  without  injury,  regardless  of  the  extent  of 
the  former  charge  remaining.  Moreover,  no  damage  is 
done  by  long  and  oft-repeated  overcharging.  The  only 
thing  necessary  when  taking  a  cell  out  of  commission  is  to 
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fill  tlie  cell  with  dif'tilled  water  to  V2  i^-  above  the  plates. 
Wlieii  putting  the  battery  in  commission,  the  plates 
should  be  covered  with  electrolyte  and  the  cell  charged 
for  12  hr.  at  normal  rate,  after  which  the  cell  may  be 
treated  as  usual.  Cells  have  had  their  electrolyte  boiled 
away  and  have  stood  empty  for  weeks  without  being  in- 
jured.    They   regained    their   full    capacity  after   being 

charged  a  n  d  dis- 
charged once.  The 
effect  of  charging  in 
a  reversed  direction 
for  15  hr.  at  the 
eight-hour  rate  was 
remedied  after  hav- 
ing subjected  the  cell 
to  four  cycles  of 
charging  and  dis- 
charging in  the  nor- 
mal direction. 

Efficiency 

The  efficiency  of 
the  Edison  battery 
is  lower  than,  that  of 
the  lead  cell  and  is 
necessarily  so  on  ac- 
count of  the  low 
electromotive  force, 
about  two-thirds  that 
of  the  lead  battery. 
The  efBciency  i  s 
much  increased  by 
partial  charging  as 
compared  with  nor- 
m  a  1  charging.  0  n 
short  charges  the  ef- 
ficiency is  95  per 
cent,  for  ampere- 
hours  and  75  per 
cent,  for  watt-hours, 
vhile  on  seven-hour  charges  this  falls  to  82  per  cent,  for 
impcre-hours  and  58  per  cent,  for  watt-hours.  The  volt 
jfficiency  is  about  72  per  cent,  for  the  usual  charge.  The 
'fficiency  of  the  Edison  cell  in  contrast  to  that  of  the  h\i(l 
■clI  increases  with  use. 


The  capacity  of  an  Edison  cell  increases  with  use  and  it 
;s  guaranteed  to  giv.  (■  full  cajaacity  for  four  years, 
rhe  capacity  of  the  cell  vari'  s  from  13.5  to  17  watt-hours 
per  pound  of  material  and  from  0.65  to  0.75  watt-hours 
per  cubic  inch  of  coniiilete  cell  volume. 

LlFK 

Owing  to  the  comparatively  recent  developm;;ut  of  the 
Edison  cell  its  ultimate  life  is  not  known  definitely.  Bat- 
;eries,  which  are  being  tested  for  life  under  purposely  im- 
posed conditions  designed  to  shorten  their  life,  have  de- 
reloped  over  1200  complete  cycles  of  charge  and  dis- 
•harge,  and  still  show  a  capacity  about  10  per  cent,  above 
their  normal  rating.  The  life  of  a  cell  is  sliortened  by 
■ontinuous  working  at  high  temperatures  and  high  cur- 
rent rates,  but  the  occasional  subjection  to  these  treat- 
ments is  said  to  have  no  detrimental  effect. 


Power 


Fig.  7.  Assejibled  Pl.\tks  of 

Edison  Battery  Eejigved 

from  contaixkii 


Cost 

The  first  cost  of  an  Edison  cell  is  more  than  that  of  a 
lead  cell  of  equal  capacity;  the  list  price  of  a  complete 
single  cell  being  from  6  to  9c.  per  ampere-hour  of  capac- 
ity, "ttlien  durability  and  small  maintenance  cost  are  con- 
sidered, however.  Ibis  difference  is  compensated. 

COXCI.CSION'S 

The  relative  advantages  and  disadvantages  of  the  two 
types  of  cell  may  be  summarized  as  follows: 

(1)  The  principal  advantage  of  the  lead  cell  lies  in 
its  high  efficiency  and  low  first  cost. 

(21  Among  the  innate  disadvantages  of  the  sulphuric- 
acid  ,^attery  can  be  mentioned:  Excessive  weight;  struc- 
tural'-'4'eakness  of  parts;  corrosive   nature  of  electrolyte 


Fig.  8.    A.ssi:MiiU?n  Cells  in  Battery'  Tray — Edison 
Tyi'e 

aiid  fumes;  loss  of  capacity;  shedding  of  active  material; 
exacting  and  incessant  care  required  for  successful  opera- 
tion; fracture  and  buckling  of  plates;  sulphation;  in- 
ternal discharge;  high  installation  and  maintenance  costs. 

(3)  The  advantages  of  tlie  Edison  cell  are :  Increase 
of  capacity  with  use;  simplicity  of  the  care  required;  ease 
of  interconnecting  the  cells;  steel-preserving  electrolyte 
and  lack  of  corrosive  fumes ;  durability  and  sturdiness 
of  cell  structure;  low  weight  per  unit  of  capacity;  ability 
to  withstand  short-circuits;  absence  of  sulphation, 
buckling  and  sediment ;  immunity  from  injurious  effect^ 
of  overcharge;  low  maintenance  co.st. 

(4)  The  disadvantages  of  the  Edison  cell  may  be 
summed  wyi  as  high  initial  cost  and  comparatively  low 
efficiency,  due  to  low  cell  voltage. 

It  is  thus  evident  tliat  each  type  of  battery  has  its 
special  field,  and,  hence,  a  satisfactory  selection  can  be 
made  only  after  an  exhaustive  investigation  of  all  the 
factors  entering  into  an  installation. 
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Cost  of  Heating  and    Power-Plant 
Apparatus 

By    \V.  .1.    DdWxiNc! 

Several  years  ago  the  writer  beeanie  coiniiiecd  that 
the  only  way  to  obtain  cost  figures  was  to  keep  an  ac- 
curate account  of  the  costs  of  the  various  items  in  plants 
which  came  to  his  attention  and  tlien  to  work  out  these 
costs  on  a  unit  basis. 

In  order  that  engineers  and  owners  may  form  an  opin- 
ion as  to  the  probable  cost  of  a  proposed  system  the 
following  information  is  submitted :  List  prices  of  ma- 
terial are  usually  available  and  when  possible  discounts 
are  given  for  standard  apparatus.  All  prices  are  based 
on  actual  installations,  most  of  them  in  the  New  England 
States,  and  allowance  should  be  made  for  other  localities, 
based  on  the  difference  in  cost  of  labor  and  material. 

K.VDIATION 

Radiation  will  be  classified  under  five  headings : 

1.  Cast-iron  direct  radiators  cost  19  to  27e.  per  square 
foot  of  surface,  depending  on  the  height  of  the  radiator. 
The  labor  cost  will  be  nearly  the  same  for  casting  and 
finishing  a  section  containing  1  sq.ft.  of  surface  as  for 
a  section  containing  5  sq.ft. 

2.  Cast-iron  indirect  radiators  of  the  pin  type  for 
gravity  work  cost  16  to  18c.  per  square  foot. 

3.  Cast-iron  radiators  for  fan  systems  cost  t5c.  per 
square  foot. 

1.  Pipe  coils  for  direct  radiation  cost  30c.  per  square 
foot. 

5.  Pipe  heaters  consisting  of  1-in.  pipes  with  cast-iron 
bases  for  fan  systems  cost  45  to  50c.  per  square  foot  of 
surface.  For  cast-iron  bases  with  a  damper  for  direct 
indirect  radiators  add  $1.35  for  each  10-in.  length  of 
base. 

The  labor  cost  for  installing  direct  radiators  on  a  one- 
pipe  system  can  be  obtained  by  allowing  one  day's  time 
for  a  steam  fitter  and  bis  helper  for  each  radiator.  This 
covers  the  time  required  to  run  the  vertical  risers  and 
connect  and  set  the  radiators.  It  does  not  include  the 
time  required  to  place  the  horizontal  mains  in  the  base- 
ment and  connect  up  the  boilers.  This  item  will  be 
covered  under  another  heading.  For  a  two-pipe  system 
allow  11/^  days  time  for  a  fitter  and  helper  per  radiator. 

Indirect  radiators  for  gravity  and  fan-blast  systems 
cost  about  ^c.  per  pound  for  the  former  and  Ic.  ]>er 
pound  for  the  latter  for  erection  together  with  the  labor 
cost  of  a  fitter  and  helper  for  one  day  for  each  four  con- 
nections made  to  the  heater  sections. 

Allow  21/^  to  3c.  per  square  foot  of  surface  of  pipes 
and  radiators  for  bronzing. 

Automatic  air  vahes  cost  75c.  to  $1  each  in  place. 

For  temporary  setting  of  direct  radiators  used  to  fur- 
nish heat  in  the  building  while  under  construction,  allow 
$3.85  for  each  radiator. 


Figures  based  on  a  large  number  of  installations  show 
that  an  allowance  of  $51)  j)er  thermostat  should  be  made 
for  automatic  control.  This  includes  the  air  piping, 
compressor  dampers  ami  thermostats,  set  in  place  and 
connected. 

BOILKRS    ANP    AUXILIAIJIES 

Small  cast-iron  fire-pot  boilers  for  house  heating  cost 
$30  to  $35  per  square  foot  of  grate  area. 

Cast-iron  sectional  boilers  for  house  and  |uililic-build- 
ing  heating  cost  $21  to  $35  jier  square  foot  of  grate 
area. 

Horizontal  fire-tube  boilers  set  in  jtlace  complete  with 
trimmings  ready  for  steam  and  water  connections  cost 
$18  per  horsepower. 

The  Manning  type  of  vertical  boiler  for  jxiwer-plant 
work  will  cost  $10  per  horsepower  erected. 

Water-tube  boilers  set  in  i)lace  with  trimmiugs  cost 
$11  to  $16  per  horsepower. 

Internally  fired  boilers  of  the  Morrison  type  cost  $16 
to  $18  per  hor.sepower,  including  trimmings. 

Dutch  or  extended  ovens  are  often  used  in  power 
plants  for  bui'iiing  a  low  grade  of  Fuel,  or  utilizing  the 
waste  material  from  manufactured  products.  These 
ovens  will  cost  $850  for  a  300-hp.  unit. 

Superheaters  cost  $8.35  to  $3  per  horsepower,  de])end- 
ing  on  the  size  and  and  tyjie. 

Special  boiler  settings  designed  to  economize  heat, 
similar  to  the  Smith  setting  cost  about  $150  per  boiler. 

All  of  the  ahove  prices  are  based  on  boilers  with  plain 
grates.  Shaking  grates  should  be  figured  at  from  $5  to 
$6  per  square  foot  of  surface. 

Feed-water  heaters  of  the  closed  type  cost  from  75c. 
to  $1  per  horsepower,  depending  on  the  size  of  the  unit. 
Feed-water  heaters  and  purifiers  of  the  open  tyjje  cost 
$3.80  per  horsepower  for  a  100-hp.  unit  and  $1  per  horse- 
power for  a  lOOO-hp.  unit.  Intermediate  sizes  cost  a 
proportional  amount. 

A  good  damper  regulator  for  cimti'olling  the  draft  in 
boilers  can  be  obtained  for  $50. 

Boiler-feed  pumps  cost  50c.  jkm'  horsepower  capacity  of 
units  of  150  to  80()  h]). 

Blowoff  and  retui-n  tanks  suitable  for  loo  Hi.  ju'essure 
cost  al)out  8c.  per  pound  in  weight. 

Copper  hot-water  tanks  good  for  100  lb.  pressure  com- 
plete with  steam  coil  cost  about  $1  per  gallon  ca])acity. 
Add  $50  if  the  tank  has  automatic  control. 

Steam  traps  take  a  discount  of  40  per  cent,  frum  list 
prices. 

Pii'K  Fittings  .and  Valvi:s 
While  there  are  several  large  manufacturers  of  these 
])roducts  it  is  usually  safe  to  figure  the  following  dis- 
counts :  Steam  pipe,  75  per  cent. ;  valves,  50  to  60  per 
cent.;  cast-iron  fittings,  70  per  cent.;  spiral-riveted  pipe, 
70  per  cent. 

An  accurate  list  should  be  made  of  the  actual  ma- 
terial required  for  any  particular  installation,  as  there  are 
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.„,  .;:iiiy  variables  to  use  a  unit  price  per  horsepower 
apacityof  the  plant.  The  labor  cost  will  average  $1.50 
ler  horsepower  for  connecting  the  boilers  and  installing 
he  basement  mains  in  plants  of  200  to  400  hp. 

The  special  valves  necessary  for  a  first-class  vacuum 
ystem  cost  $6  to  $8  per  radiator.  Another  method  of 
Lguring  vacuum  systems  is  to  allow  10c.  per  square  foot 
f  radiation  for  the  special  apparatus  required. 

COVEEING 

An  asbestos  covering  4  in.  thick  for  boilers  and  heat- 
rs  will  cost  in  place  50  to  60c.  per  square  foot  of  sur- 
ace.  Air-cell  covering  1  in.  thick  will  cost  22c.  per 
quare  foot.  Eighty-five  per  cent,  magnesia  1  in.  thick 
Fill  cost  30c.  per  square  foot.  These  prices  include  the 
abor  required  to  apply  and  are  useful  in  calculating  the 
;ost  of  covering  heating  ducts  and  smoke  flues. 

Steam-pipe  covering  made  of  85  per  cent,  magnesia 
vill  cost  one-half  of  the  list  price,  including  the  labor 
)f  applying.  If  desired  the  discounts  applying  to  the 
various  types  of  covering  can  be  obtained  and  the  labor 
;ost  based  on  the  fact  that  one  man  will  cover  100  ft.  of 
straight  pipe  per  day  up  to  4-in.  diameter  or  will  cover 
1(1  fittings  per  day  up  to  4-in.  size.  The  above  amounts 
,vill  be  more  for  larger  sizes  due  to  the  increased  labor 
)f  handling. 

Ventilating  Apparatus 

Centrifugal  steel-plate  fans  for  ordinary  systems  in 
s'hich  the  total  pressure  does  not  exceed  %  oz.  will  cost 
plO  to  $13  per  1000  cu.ft.  of  air  per  min.  capacity,  de- 
aending  on  the  size. 

Direct-current  motors  for  driving  fans  will  cost  $18 
:o  $25  per  horsepower.  Regulating  rheostats  cost  60  per 
;ent.  of  the  list  prices. 

High-pressure  engines  for  fan  driving  cost  $10  to  $16 
aer  horsepower.  Low-pressure  engines  for  fan  driving 
:'Ost  $18  to  $22  per  horsepower. 

Air  washers  are  usually  based  on  a  velocity  of  500  ft. 
per  min.  and  on  that  basis  cost  $18  to  $26  per  1000  cu.ft. 
jf  air  per  min.  capacity.  Erection  of  fans,  motors  and 
lir  washers  will  cost  about  Ic.  per  pound  in  weight. 

Galvanized-Ikon  and  Steel-Plate  Work 
Piping  arrangements  employing  galvanized-iron  dis- 
tributing ducts  cost  about  15c.  per  pound  in  place.  The 
ratio  of  weight  of  iron  to  the  cubic  contents  of  the  build- 
ing varies  widely  with  difl'erent  types  of  building.  In 
factory  work  where  heating  is  the  primary  object  the  gal- 
vanized-iron ducts  for  an  overhead  system  will  average 
1  lb.  of  iron  to  100  to  125  cu.ft.  of  contents.  In  build- 
ings where  ventilation  is  the  main  object  no  standard 
values  can  be  given  as  the  amount  of  metal  will  depend 
on  the  standard  of  ventilation  maintained.  In  each  case 
the  actual  weight  of  metal  must  be  calculated  from  the 
plans. 

Stee]  iriate  work  for  smoke  flues  costs  from  6  to  8c. 
per  ]  ound. 

Registers  and  Screens 

Cast-iron  registers  for  floors  and  side  walls  cost  one- 
fourth  the  list  price.  Bronze  registers  cost  one-half  the 
list  price.  Plain  wire  screens  with  angle-  or  channel- 
iron  borders  cost  15  to  25c.  per  square  foot.  Allow  3c. 
per  square  foot  for  bronzing. 


Filter  screens  of  cheese  cloth  for  removing  dust  from 
the  air  are  based  on  a  velocity  of  30  to  50  ft.  per  min. 
through  the  net  area.  Their  cost  will  be  from  50  to  70c. 
per  square  foot,  deiJending  on  the  quality  of  material. 
Mushroom  ventilators  cost  65  to  750.  each. 

Foundations 

Allow  75c.  per  cubic  yard  for  excavation  in  ordinary 
soil  and  $4  per  cubic  yard  for  rock.  Brick  foundation 
walls  cost  40  to  50c.  per  cubic  foot  in  place.  Concretr 
foundations  cast  $6  to  $7  per  cubic  yard  for  the  concrete 
and  15c.  per  square  foot  of  surface  for  the  forms.  Water- 
proofing will  cost  40c.  per  square  foot. 

Sprinkler  Systems 

Sprinkler  systems  cost  from  $3  to  $3.25  per  head,  in- 
cluding pipe,  sprinkler  heads  and  erection.  Hose  racks 
for  fire  protection  in  public  buildings  cost  $50  each,  in- 
cluding piping  and  erection. 

Gas  Piping 

In  fireproof  buildings  gas-pijae  systems  cost  $5  to  $6 
per  outlet  for  labor  and  material.  For  residences  of  the 
usual  frame  construction  allow  $2.50  to  $3  per  outlet.        ■ 

Electric  Lighting  ■ 

Labor  and  material  for  wiring  will  cost  about  $6  per 
outlet.  Three-light  office  fixtures  will  cost  $7  each,  two- 
light  brackets  $6,  and  one-light  brackets  $4.  These  prices 
are  for  a  good,  substantial  fixture  hung  and  connected. 

Unit  Costs 

While  the  conditions  of  various  installations  make  it 
impossible  to  give  a  unit  price  for  a  system  that  will 
apply  in  all  cases  the  average  of  a  large  number  of  jobs 
shows  some  interesting  results.  The  average  cost  of  a 
heating  system  for  dwelling  houses,  using  direct-steam 
radiation  is  80c.  per  square  foot  of  radiation.  For  office 
and  factory  work  allow  $1  per  square  foot  of  radiation. 
For  hot-water  direct  radiation  allow  $1.25  per  square  foot 
of  radiation.  To  these  prices  should  be  added  that  of  the 
boilers  to  obtain  the  cost  of  the  entire  system. 

Although  the  size  of  direct-steam  radiators  varies  over 
a  wide  range  the  cost  of  complete  systems,  exclusive  of 
boilers,  averages  $37  per  radiator. 

All  prices  stated  in  this  article  are  the  costs  to  the 
contractor.  An  allowance  for  contractors'  profit  should 
be  added  to  the  total  cost  of  the  system.  Profit  is  usually 
figured  as  a  percentage  of  the  total  cost  and  will  vary 
from  10  to  15  per  cent.  It  will  be  noticed  that  the 
prices  stated  above  give  a  considerable  range  and  the 
question  may  arise  as  to  the  exact  value  to  be  used.  It 
may  be  helpful  to  note  that  in  any  case  a  price  should  be 
selected  depending  on  the  size  of  the  apparatus.  For  in- 
stance, a  boiler  with  5  sq.ft.  of  grate  area  will  cost  more 
per  square  foot  than  one  with  20  sq.ft.  By  paying  at- 
tention to  the  relative  size  of  the  imit  in  question  a  fair 
estimate  can  be  made  of  the  cost  from  the  values  given. 


A  .'O.OflO-Hp.  Hydro-Electric  Plant  is  planned  to  be  built 
at  Montague  City,  Mass.,  by  the  Turner  Falls  Power  Co.  The 
initial  development  will  total  30.000  hp.  and  is  to  be  com- 
pleted early  in  1915.  The  plant  will  cover  halt  an  acre  of 
ground  and  will  utilize  water  from  a  canal  1.5  miles  in  lengrth, 
requiring  the  excavation  of  500,000  cu.yd.  of  material,  of 
which  100,000  cu.yd.  will  be  rock  excavation  from  a  ledge 
30    to   50    ft.    deep. 
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Shunt  System  of  Connecting  Radiators 

1  \'>\     II.    A.    KiKSKLBAC'lI 

lu  the  Oct.  7  issue,  Ira  N.  Evans,  in  his  calculations 
for  the  flow  of  water  through  the  shunt  connection  il- 
lustrated in  Fig.  1,  makes  the  following  statement  which 
appears  at  the  top  of  page  508 :  "The  length  of  the  three 
1^-iu.  pipes  in  the  coil  in  terms  of  114-in.  pipe  is  pro- 
portional to  the  areas,  that  is,  the  greater  the  area  the 
shorter  the  length  to  be  equivalent  as  far  as  friction  is 
concerned."  From  this  he  finds  that  by  multiplying  the 
lengths  of  the  three  fi/^-in.  pipes,  X,  Y  and  Z,  in  Fig.  1, 
"by  the  area  of  a  li^-in.  pipe  and  dividing  by  the  combined 
areas  of  the  three  li/^-in.  pipes,  an  equivalent  length  of 
7.353  ft.  of  ly^-in.  pipe  is  obtained.  Or,  in  other  words, 
..•  Radiators- 


30- 


/4" 


t 


"TV" 


li 


3-/^"- JO'  Powe:, 

Fi.i.  1 

the  friction  loss  from  ('  io  I)  is  equal  to  that  caused  by 
7.353  ft.  of  li/4-iii-  pipe  and  the  friction  of  the  entire 
iihunt  from  4  to  i?  is  equivalent  to  that  of  37.353  ft.  of 
114-iu-  pipe. 

The  above  assumption  regarding  equivalent  lengths 
with  respect  to  friction  (wliich,  by  the  way,  does  apply 
to  electric  conductors — the  resistance  being  inversely 
proportional  to  their  sectional  areas)  is  not  correct  in 
connection  with  the  flow  of  fluids  through  pipes,  as  it 
only  takes  into  account  the  velocity  of  flow,  which  is  in- 
versely proportional  to  the  pipe  areas.  The  friction  equa- 
tion must  also  include  the  factor     — .     Take,   for    ex- 

ample,  two  pipes  whose  inside  diameters  are  equal  to  D 
and  D^.     Tlie  ratio  of  their  sectional  areas  is 

'The  ratio  of  velocities  through  these  pipes  when  deliver- 
ing equal  quantities  of  water  in  unit  time  is 

r  _Di 

and  their  frictional  resistances  per  unit  of  length  are  in 
the  ratio  of 


iSubstitutini. 


1.85  for  X  and  1.166  for  // 

-j2  X  1.85  -h  l.lCIl  7^4.866 


i> 


P  n'i  y.  1  85  +  1   IBB  7j4.866 

■or  the  frictions  of  two  pipes  of  the  same  leng 


ihc  same  quantity  of  water  in  the  same  unit  of  time  arc 
inversely  proportional  to  the  4.8()6  power  of  their  diam- 
eters. 

To  prove  these  figures,  refer  to  Fig.  2,  in  which  a  IV4- 
in.  pipe  30  ft.  long  is  connected  in  series  with  a  iy2-in. 
]3ipe  of  the  same  length.  The  quantity  of  water  flowing 
through  them  is  such  that  the  velocity  in  the  li/4-in.  pipe 
is  4  ft.  per  sec.  The  area  of  the  114-in.  pipe  is  1.5  sq.in. 
and  that  of  the  li/2-in.  pipe  is  2.04  sq.in.  Therefore,  the 
rate  of  flow  in  the  IVo-iii-  Jiipe  will  be 

1.5 
X  :t^-7  =  2.1)4  yV.  per  sec. 


.04 


Usin£(  the  formula 


h  =  I  X  0.00037— j-— 

rjl.  166 

in   which 

h  =  Friction  loss  in  feet ; 

I    =  Length  of  pipe  in  feet ; 

Y  =  Velocity  of  flow  in  feet  per  second  ; 

I)  =  Internal  diameter  of  pipe  in  feet. 
We  find  the  frictions  of  the  two  pipes  to  be  as  follows : 
For  the  1 14-111-  pipe, 

,1.85 

7i  =  30  X  0.00037  X  r—i-n^.  =  l-"!"''  /V. 


0.115 


For  the  IVo-in.  pipe, 

//  =  30  X  0.00037  X 


J.  94' 


=  0.8503//. 


0.134' 

Now  comparing  these  friction  heads,  it  will  be  found  that 
the  loss  of  head  in  the  1 14-111-  pipe  bears  a  ratio  to  that  in 
the  li/^-in.  pipe  of 

1.796 


0.8503 


2.112 


or  the  loss  of  head  in  the  li/^-in.  pipe  is  2.112  times  that 
in  the  ll/^-in.  pipe  with  equal  quantity  of  flow. 

The  internal  diameter  of  the  114-in.  pipe  is  1.38  in. 


-50'- 


-— ->k- 
FiG.  2 


50'- 


and  that  of  the  li/o-in.  pipe  is  1.61  in.  Substituting 
these  diameters  in  the  equation : 

Friction  of  l\-in.  jyjpe.  _  1.61'*^'"*  _  ,,       ^ 
Friction  of  1^-in.  pipe       1.38'***®^ 

This  result  checks  with  the  figure  2.112,  derived  from 
the  actual  calculations  for  the  friction  losses  to  the  third 
figure,  which  is  as  close  as  possible  with  the  values  of 
the  pipe  diameters  and  areas  used  in  deriving  the  re- 
sults. 

Having  found  that  the  frictions  of  two  pipes  are  in- 
versely proportional  to  the  4.866  power  of  this  diameter, 
it  also  follows  that  the  lineal  feet  of  pipe  required  for  a 
given  friction  under  a  given  quantity  of  flow  will  be  di- 
rectly proportional  to  the  4.866  power  of  the  diameter. 

For  example,  in  Fig.  2  the  lineal  feet  of  ll/2-in.  pipe 
equivalent  in  friction  to  30  ft.  of  114-in.  pipe  will  lie 


30  X 


i.er 


h  passing 


1.38* 


=  30  X  2.117  =  63.51//. 
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and  the  equiraieut  of  30  ft.  of  iy2-iu.  pipe  in  terms  of 
1 1  /(.-in.   pipe  will   be 


30  X 


1.38" 


1.(514.806 


=  30  X 


1 
2.11' 


=  1-1.17  ft. 


The  friction  from  .4  to  B  iu  terms  of  liA-iii.  pipe  will 
be 

30  +  63.51  =  ;»3..51  //. 

and   in  terms  of  li/i-i"-  pipt> 

30  +   U.IT   =    14.17  //. 

Aecordiug  to  the  rule  given  by  Mr.  Evan.s,  the  friction 
from  .1  to  B  iu  terms  of  li/4-iii.  i>ii)e  would  be  52.06  I't., 
giving  a  value  of  the  iy2-in.  i)ipe  iu  terms  of  li/i-in.  jiipe 
about  50  per  cent,  too  high. 

The  reason  Mr.  Evans'  values  of  friction  iu  the  maiu 
and  the  shunt  check  the  velocities  derived  by  direct  cal- 
culation is  that  the  factor  37.353  ft.  for  equivalent  length 
of  shunt  is  used  both  iu  the  calculation  aud  the  check, 
thereby  introducing  the  same  error  iu  each. 

In  Fig.  1,  assume  that  each  of  the  fi^-in-  pipes  carries 
one-third  the  quantity  of  water  i)assing  through  the  IVi" 
in.  branches  to  the  main.  Strictly  si)eaking,  this  is  not 
true,  but  will  answer  for  the  present  case. 

To  determine  the  length  of  lV4-iu.  pipe  equivalent  to 
the  three  iy2-in.  pipes,  imagine  first  that  two  of  the  iy2- 
in.  pipes,  A"  and  Y,  are  cut  out  of  the  circuit  so  that  the 
remaiuiug  pipe  Z  will  carry  the  full  flow.  From  previous 
calculations  we  find  that  the  resistance  of  Z  will  be 
equal  to  14.17  ft.  of  li4-iu.  pipe.  Now  couuect  X  aud  Y 
into  the  circuit  aud  the  velocity  of  flow  in  X,  Y  and  Z 
becomes  one-third  of  that  which  existed  in  Z  alone  and 
the  friction  through  .V,  Y  and  Z  falls  to  (Mj)^'^^  of  its 
original  value  iu  Z  and  the  equivalent  length  of  the  three 
pipes  in  terms  of  IVi-in.  jiipc  ix'ciinics 
1  14.17 

14.17  X    rs-5  =  ~  rr-  =  l-^''./^- 

Ou  the  basis  of  sectional  areas,  the  equivalent  length  of 
li/4-in.  pipe  is  7.353  or  400  per  cent,  too  high. 

Adding  the  equivalent  of  the  three  iy2-in.  pipes  to  the 
actual  length  of  fi/^-iu.  pipe  in  the  shunt,  we  have 

1.86  +  30  =  31.86  ft. 
which  is  the  equivalent  length  of  the  eutire  shunt  (neg- 
lecting the  effect   of   fittings,   valves,   etc.)    in   terms   of 
ly^-in.  pipe. 

The  equivalent  of  31.86  ft.  of  iy.-in.  pipe  in  terms 
of  31/2-iii-  pipe  is 

,4.866 


31. 8H  X 


3.548" 


1.38" 


=  3153.57 /Y. 


Let 


Q  =  Vohinie  of  flow  through  the  shunt      : 

^1  =  Volume  of  flow  through  the  shunted  portion  of 

the  3V2-in-  main  : 
li     =  Loss  of  head  from  .1  to  B — equal  for  bmh  main 

and  shunt ; 
A'  =  A  factor. 

Kh  =  30  X  eV*^  =  :^153.57  X  ^"^ 


Q\ 


105.12  X  Q 


Q,  =  12.382  (J 
or  the  volume  of  flow  in  the  shunted  portion  of  the  main 
will  be  12.382  times  that  in  the  shunt. 

Taking  Mr.  Evans'  value  of  6  ft.  per  sec.  as  the  veloc- 
itv  of  flow  in  the  main  outside  of  the  shunt,  we  have 


6  X  3600  X  0.0687  X  60  =  89,035  lb.  per  hi: 
as  the  quantity  of  flow  in  the  3%-in.  main  outside  of  the 
shunt.     The  flow  in  the  shunt  will,  therefore,  be 

'■''°='^  ^  12.382  +  1  =  lIlS  =  '''''  "'■  J'"'-  '"•■ 
with  a  velocity  in  the  \y^-\i\.  pipe  of 
6653 


3600  X  0.01039  X  60 


■>.W>b  ft.  per  ■>:(■>■ 


The  velocity  of  flow  in  the  shunted  .section  of  the  3i/2-in. 
main  will  be 


6  X 


89,035  —  6653 


=  0.55  ft.  per  .sec. 


89,035 

Che<-king  the.se  results  it  will  l)e  found  that  the  fm- 
tion  of  30  ft.  of  314-iii-  pipe  "'th  a  velocity  of  5.55  It. 
per  sec.  is 

5.55^  ■" 


30  X  0.00037  X 


((.296 


=  1.098  fi. 


In  the  shunt,  the  friction  of  31.86  ft.  equivalent  length 
of  ly^-in.  pipe  with  a  velocity  of  2.965  ft.  per  sec.  is 


31.86  X  0.0(1037  X 


2.965' 


(1.115' 


=  1.096  ft. 


Hot-Water-Heater  Trouble 

A  few  j-ears  ago  I  made  a  small  water  heater  like  the 
one  L.  N.  Webster  described  iu  the  issue  of  Sept.  9,  and 
had  the  same  trouble  with  water-hammer.    This  hammer  j 
is  caused  by  the  water  level  being  above  the  steam  in-   ! 
let.  causing  excessive  boiling.     This  I  remedied  by  plug-   : 


m^j^er  In/ef 


-Plugged 

OvERCOilING  WaTEK-H.\MMER 

IX  Heatf.k 


I 


ging  the  water  inlet  with  baliljitt  metal  and  drilling  it 
full  of  Vs-in.  holes,  making  a  spray.  I  also  extended  the 
6team-supply  pipe  through  to  the  other  side  of  the  heater 
and  drilled  a  row  of  %-in.  holes  on  each  side.  I  opened 
the  hot-water  outlet  wide  aud  regulated  the  supply  by 
the  cold-water  valve.  This  did  away  with  all  vibration 
and  gave  me  a  good  supply  of  hot  water. 

C.  R.  Van  Keuren. 
Famoso,  Calif. 
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Riveted  Piston  Rods 

To  their  credit  designers  and  oonstnictors  usually  ;il- 
low  a  liberal  factor  of  safety  for  ])arts  of  engines  and 
boilers  that  are  obviously  subject  to  great  stresses,  especial- 
ly where  there  is  doubt  of  the  efficiency  of  the  design. 
Very  ordinary  experience  .should  inform  a  constructor 
(that  cold  riveting  of  metals  i.s  severe  abuse  very  likely  to 
start  their  disintegration.  Yet  many  reputable  engine 
nianufacturcrs,  for  no  better  object  than  economy  of  time 
and  material,  depend  on  this  crude  method  of  securing 
engine  piston  rods  to  pistons  of  considerable  size.  The 
form  and  strength  of  riveting  of  a  piston  rod  are  not 
bpen  to  ordinary  inspection  and  have  to  lie  taken  largely 
pn  faith. 

A  failure  of  a  piston-rod  riveting  is  described  on  page 
l?35  of  this  issue.  It  appears  that  the  rod  end  was  flanged 
so  thin  that  the  "mushy"  texture  which  riveting  had 
imparted  to  the  metal  ])ermitted  the  riveted  end  to  be 
Irawn  out  into  cu]i  Invm,  resulting  in  tlie  release  of  the 
liold  of  the  piston   rod. 

The  incident  brings  strongly  to  mind  the  question 
whether  disintegration  due  to  cold  riveting  is  not  so 
likely  to  re.sult  in  failure  that  the  practice  should  be 
abandoned  for  this  important  det<iil  of  engine  construc- 
tion. F^ailures  of  this  kind  have  doubtless  resulted  in  seri- 
ous accidents  that  have  been  attributed  to  unknown 
causes  or  to  the  negligence  of  operating  engineers,  when 
in  fact  they  have  been  due  to  imperfection  of  material, 
workmanship  or  design  beyond  possibility  of  his  inspec- 
tion. 


Fixing  the  Blame 

"Who  was  to  blame?" 

The  evasiveness  of  some  answers  to  this  inquiry  when 
it  concerns  a  boiler  accident  would  be  amusing  if  it  were 
not  such  a  serious  question.  The  coroner  usually  blames 
he  engineer,  perhaps  because  the  latter  was  killed,  and 
therefore  cannot  defend  him.self.  The  boiler  builder  may 
liold  the  plant  owner  responsible,  because  of  negligent 
iisaiie.  In  turn,  the  owner  may  shift  the  blame  to  the  en- 
gineer, who  then  claims,  if  he  esctapes  the  wreckage,  tiiat 
the  owner  refused  to  make  needed  repairs  or  buy  new 
iquipment.  Perhaps  the  boiler  inspector  lajjsed  in 
vigilance,  the  boiler  laws  are  inadequate,  or  what  is  mast 
eulpable,  not  to  say  criminal,  that  particular  .state  has 
no  boiler  laws ! 

■  In  June,  1912,  an  engineer  was  killed  in  a  boiler  ac- 
cident in  Briti.sh  Columbia.  Tlie  law  in  that  section  re- 
quired that  studs  and  rberk-nuls  be  placed  on  sli])-ex- 
uiii<ion  joints.  The  inspector  knew  of  the  lack  of  this 
'■ei|iiirement,  but  took  a  chance.  He  surely  was  guilty 
jf  coutributary  negligence.  ^  Of  what  use  is  the  law  if 
ts  sworn  servants  fail  to  carry  out  its  behests? 

If  heed  had  been  given  tlie  insurance  company's  rceoni- 
ii.endations,  a   recent  and    niueb    more   serious  exjdosion 


would  in  all  probability  have  been  prevented.  The  planl. 
owners  refused  to  listen,  and  the  insuring  company  had 
no  recounse  other  than  to  cancel  the  risk. 

This  instance  illustrates  the  great  need  of  a  state  court, 
or  board  to  which  insurance  inspectors  could  report  all 
dangerous  conditions  and  laxities.  Then  this  body,  after 
verifying  the  reported  conditions,  should  have  the  power 
to  force  the  owner  either  to  make  safe  his  equipment 
within  a  reasonable  time  or  to  shut  down  the  plant  until 
he  did.  Insurance  companies  are  usually  thorough  ajid 
laain.staking  because  they  assume  monetary  risks,  but  the 
plant  owners,  in  addition  to  pro])erty  damage,  risk  human 
life. 

All  of  us  most  willingly  agree  that  l)oiler  accidents  are 
altogether  too  frequent;  that  their  primary  cause  is 
criminal  negligence  in  most  instances;  that  "something 
must  be  done  at  once" — and  then  we  promptly  lapse  back 
into  the  rut  until  the  next  accident  arouses  oiii-  indigna- 
tion. 

We  babble  over  eternal  vigilance  in  the  engine  aiul 
boiler  room,  the  responsibilities  of  owners  and  managers, 
the  frequent  inspections,  the  safety  of  human  life  aaiil 
the  ])reservation  of  property,  bnt  ju.st  when  are  we  going 
to  adopt   all   these  very  i-onunendable   pi'i'cant  inns  ? 

The  Victories  of  Peace 

History  as  it  is  written  and  as  it  is  taught  is  one  grear 
panorama  of  wars  and  dynasties.  It  bristles  with  the 
names  of  doughty  warriors  and  rulers,  describes  at  length 
their  struggles  and  achievements,  and  dismisses  the  in- 
ventors and  promoters  of  the  great  agencies  which  have 
made  modern  civilization  possible,  with  scanty,  if  any, 
mention. 

The  invention  of  printing  has  had  more  influence  up- 
on the  development  of  the  race  than  any  act  of  any 
ruler  that  the  world  ha.s  ever  known ;  and  more  than 
half  of  those  who  read  this  will  not  know  the  inventor';! 
name. 

The  men  who  invented  and  developed  the  steam  en- 
gine did  more  to  lighten  human  toil  and  to  make  pos- 
sible to  each  of  the  dwellers  upon  earth  a  larger  mead 
of  comfort  and  enjoyment  than  all  the  generals  who  ever 
pitted  men  again.st  their  fellows.  Hunt  for  their  namei-) 
in  the  indexes  of  your  histories. 

Art  and  literature  have  been  broad  highways  to  fame. 
The  high-school  scholar  can  tell  you  who  wrote  what, 
and  when  he  wrote  it,  but  ask  him  who  built  the  first  rail- 
road in  Amei-ica,  and  when  and  where  it  was.  The 
magnificent  Albert  Memorial  is  covered  with  the  names 
of  authors  and  painters  and  sculptors,  I)iit  Michael 
Angelo  is  there  because  be  was  an  artist,  not  because  he 
was  an  architect,  and  I.,e(>nardo  Da  Vinci  because  he  was 
a  jiainter,  and  not  because  he  was  an  engineer.  Somc- 
tlting  of  the  spirit  of  contempt  for  the  utilitarian  which 
led  Seneca  to  vehemently  labor  to  clear  Democritus  from 
the    imputation    of    lia\'ing    made    the    first    arch,    and 
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Anacharsis  from  the  charge  of  having  contrived  the  pot- 
ter's wheel,  is  still  extant.  The  world  has  still  something 
of  the  feeling  toward  the  engineer  that  society  has  for 
the  man  who  is  "in  trade." 

Have  you  noticed  how  many  engineers  and  inventors 
and  captains  of  industry  have  been  presidents,  or  have 
even  tilled  places  of  lesser  importance  in  the  conduct  of 
the  country's  affairs? 

The  land  is  full  of  libraries  which  conserve  the  writ- 
ings of  tliose  who  have  thought,  dreamed,  imagined  and 
studied  for  the  benefit  of  others,  and  it  is  well  that  it 
should  be  so.  Every  city  of  importance  has  its  art  museum 
where  the  visions  of  others  expressed  in  different  media 
are  selected  and  exhibited  at  enormous  expense,  and 
they  are  good  to  see  and  to  know.  There  are  numerous 
museums  of  natural  history  where  one  may  study  any- 
thing from  a  pterodactyl  to  a  house  fly.  The  natural-his- 
tory exhibit  of  the  Smithsonian  Institution  is  housed  in  a 
magnificent  $3,500,000  building,  but  the  poor  little  frag- 
mentary relics  of  the  indu!?trial  development  of  the  coun- 
try ai'e  tucked  away  in  corners  of  the  old  one-story  build- 
ing, many  of  which  are  offered  or  could  be  had  for  the 
housing  are  necessarily  refused  or  ignored,  and  indu.strial 
history  is  fading  with  the  memory  of  those  who  see  it 
made. 

Peace  hath  her  victories  no  less  than  war,  and  the  time 
is  ripe  for  a  proper  recognition  of  the  men  who  win  them, 
and  an  adequate  record  of  the  manner  of  their  winning. 

Flatbush  Gas-Electric  Plant 

The  condenser  system  in  operation  at  the  plant  of 
the  Flatbush  Gas  Co.,  which  plant  is  described  in  this  is- 
sue, deserves  the  serious  consideration  of  consulting  and 
gas  works  engineers  particularly. 

With  practically  no  increase  in  installation  save  a  few 
lengths  of  pipe,  the  engineers  of  the  plant  have  succeeded 
in  utilizing  the  water-seal  troughs  of  a  large  gas  holder 
for  a  storage  reservoir  for  condenser-circulating  water. 
The  heat  of  this  water  as  it  comes  from  the  condensers 
keeps  it  from  freezing,  thus  dispensing  with  about  one 
hundred  boiler  horsepower  formerly  required  for  such 
service.  The  decrease  in  coal  consumption  is  nearly  net 
gain  because  the  vacuum  on  the  turbines  is  increased 
about  two  inches  over  what  was  possible  with  the  use  of 
cooling  towers  alone. 

This  is  the  first  time  to  our  knowledge  that  such  an 
application  has  been  made  of  condenser-circulating  water. 
The  plan  is  applicable  to  any  combined  gas  holder  and 
electric  station,  and  should  prove  advantageous  in  many 
gas-generating  plants  where  the  gas-blower  engines  are 
the  only  principal  units.  Usually  these  engines  are  quite 
large  and  are  run  noncondensing,  while  live  steam  is 
used  to  keep  the  holder  water  seals  warm  in  winter. 

The  use  of  boiler-feed  water  for  heating  purposes  has 
long  been  recognized  as  ideal  where  building  sizes  permit. 
The  installation  at  Elatbu.sh  is  indeed  a  convincing  ex- 
ample of  the  success  of  this  system. 

Same  Old  Carbonine 

On  page  730  of  the  present  issue  will  be  found  a  let- 
ter from  one  of  our  subscribes  describing  theatrical  meth- 
ods of  parading  Carbonine  before  the  good  people  of  an 
old  New  England  town.     Readers  of  Power  will  doubt- 


less remember  our  "repudiation"  and  challenge  of  a  lur- 
nace  medicine  of  the  same  name,  published  on  page  G91, 
Nov.  15,  1912,  issue.  That  challenge  to  the  American 
Carbonine  Co.  to  substantiate  its  claims  has  never  been 
accepted,  and  in  view  of  the  information  furnished  by 
our  correspondent  we  are  led  to  repeat :  "If  Carbonine 
is  only  another  of  the  various  nostrums  which  have  been 
bobbing  up  from  time  to  time  for  the  past  twenty, 
thirty  or  more  years  for  the  same  purpose,  exploited  in 
the  same  way,  and  failing  to  sustain  the  test  of  real  inves- 
tigation and  continued  use,  it  is  right  that  the  public 
should  know  it." 

The  statements  of  our  correspondent  are  sufficient  ex- 
position of  reasons  why  our  challenge  has  never  been  ac- 
cepted and  may  explain  why  the  field  of  Carbonine's 
commercial  activity  appears  to  have  been  shifted  fron^ 
the  power  plant  to  the  kitchen.  Combustion  of  coal  is  i 
broad  science  and  frugal  housewives,  who  may  admit  thai 
they  can  be  taught  a  thing  or  two  in  this  branch  of  do- 
mestic economy,  should  not  be  discouraged  from  consult 
ing  these  coal  doctors,  even  though  the  medicine  pre- 
scribed may  consist  only  of  bread  pills ;  but  the  wisi 
power-plant  owner  asks  only  for  results  and  will  contimw 
to  demand  quid  pro  quo. 

Civil  Service  Examinations 

Among  the  institutions  of  our  government,  federal 
state  and  municipal,  the  civil-service  commission  is  a  fac 
tor  for  much  good.  In  many  places,  the  commission  eould 
perhaps,  ]>v  niade  more  efficient  if  less  political  influcnc' 
were  used,  but  the  commission  itself  deserves  commenda 
tion. 

We  repeat  this  evident  statement  of  fact  because  s 
many  engineers  and  firemen  who  are  not  so  successfu 
in  civil-.?ervice  examinations  as  they  anticipated,  codi 
demn  the  commission  and  everything  allied  with  it.  Un' 
fortunately  it  is  true  that  men  are  "slated"  for  position 
in  reward  for  political  assistance  given,  and  despite  th 
formality  of  a  civil-service  examination  and  the  fact  tha 
they  receive  a  lesser  number  of  points  than  other  com, 
petitors,  they  get  the  jobs.  That  is  the  outcome  of  th 
spoils  system.s,  the  vitality  of  which,  we  hope,  will  dimin 
ish  in  proportion  to  the  growing  manifestation  of  th' 
ideal  in  government.  ' 

Engineers,  individually  or  collectively  through  orgar 
izations,  pay  too  little  heed  to  the  civil-service  commii 
sion  and  the  examinations  given  to  applicants  for  pos 
tions  in  municipally-  or  state-owned  plants.  How  muc] 
better  it  would  be  for  engineers  who  belong  to  engineer 
ing  organizations  to  attack  collectively  unfairness  in  aj 
pointments,  instead  of  each  emitting  a  growl  of  individuij 
protest.  And  how  much  more  fruitful  of  real  result 
would  it  be  for  them  to  organize  classes  within  the  O' 
ganization,  each  class  headed  by  a  live  member  as  teache 
and  prepare  for  the  examinations  that  are  held  at  ii 
tervals,  instead  of  each  striving  individually.  Individua 
ity  will  not  thus  be  lost,  but  will  be  made  more  manifes 

There  is  nothing  to  lose  by  such  a  plan ;  there  is  ever; 
thing  to  gain.  Even  though  an  applicant  never  is  fo| 
tunatc  enough  to  get  a  civil-service  job,  he  has,  neverth<| 
less,  been  bettered  by  study  and  stimulated  to  action  th; 
must  eventually  bring  results.  The  satisfaction  of  havir^ 
been  tested,  as  it  were,  is  felt  to  be  worth  while  by  mar 
who  do  not  look  for  appointments. 
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After  it  was  out  it  was  found  that  the  rollers  had  worn 
spots  into  the  bushing  and  pin.  This  caused  the  bar 
to  stick,  and  caused  the  racing.  In  making  new  pins  the 
engine  builder  who  was  to  furnish  them  was  consulted, 
and  it  was  decided  to  make  them  and  the  bushings  harder, 
and  an  easy  tapping  fit  instead  of  a  sledge-hammer  fit ; 
also,  that  there  was  to  be  one  set  of  rollers  the  full  length 
of  the  pin  instead  of  two  short  sets  as  before.  This  would 
increase  the  bearing  surface  from  5  to  7  in.  and  give  a 
harder  surface.  The  fault  with  the  short  rollers  seemed 
to  be  that  they  got  caught  in  some  way,  and  some  sets 
seemed  to  be  twisted  in  the  bearing.  Some  of  the  rollers 
had  flat  spots  on  them,  and  some  of  the  spots  on  the  pin 
were  not  parallel  to  the  center  line  of  the  pin.  The  pins 
and  bushings  in  all  the  engines  have  been  changed  as  the 
action  of  the  governor  made  it  necessary,  and  some  of 
them  have  been  in  use  over  two  years  without  giving  any 
trouble  from  racing.  I  believe  one  trouble  with  the  short 
rolls  was  that  the  bushings  were  not  exactly  in  line  and 
true. 

Instead  of  feeding  the  grease  in  one  place  as  was  done 
with  the  old  bearings  it  is  now  fed  into  a  circular  chan- 
nel in  the  outside  of  the  bushing,  and  reaches  the  roll- 
ers at  about  the  middle  of  their  length,  and  in  three 
equidistant  points  on  the  circumference. 

J.  C.  Hawkins. 

Hyattsville,   Md. 


3rrecting  Trouble  of  Inertk  Governor 

,Ve  have  experienced  trouble  from  racing  of  our  high- 
1  medium-speed  engines.  The  several  engines  in  the 
nt  are  of  the  same  make  and,  although  of  different 
es  and  style  of  valves,  they  have  inertia  governors,  all 
the  same  make.  This  governor  is  here  shown  in  part, 
e  length  of  the  inertia  bar  is  about  two-thirds  the 
imeter  of  the  wheel;  it  is  of  the  usual  construction, 
nng  one  light  and  one  heavy  end,  and  is  pivoted  on  a 
ler-beariug  pin  in  one  of  the  spokes.  The  steam  ec- 
itric  is  clamped  to  the  finished  hub  of  the  bar  and 
ings  across  the  shaft  as  the  bar  moves. 
A.fter  one  of  the  engines  had  lieen  in  use  for  about  a 
ir  the  voltage  became  very  unsteady  at  the  usual  load, 
metimes  before  switching  the  load  to  another  generator 
was  necessary  to  partly  close  the  throttle  to  prevent 
'  speed  from  becoming  dangerously  high  when  the  load 


,  Details  of  Ball-Beaeing  fok  Governok  Pin 

it  off,  as  the  governor  would  "stick."     The  cause  of 

'  trouble  was  located  in  the  governor. 

|rhe  inertia  bar  is  bored  and  fitted  with  a  hardened- 

hl  bushing.    The  length  of  the  bearing  is  7  in.,  but  two 

fhings,  each  31/^  in.  long,  were  used,  leaving  a  space 

\a.  wide  in  the  center,  as  shown  in  the  sectional  view. 

re  are  two  sets  of  rollers  j^  in.  in  diameter  and  31/2 

long.     A  sleeve  3  in.  long  having  an  outside  diam- 

of  -xe  in-  less  than  the  inside  diameter  of  the  bus;h- 

and  an  inside  diameter  of  j^^  greater  than  the  pin, 

placed  between   the  two  bushings  to  keep  the   two 

of  rollers  in  place.     Grease  is  fed  to  the  center  of 

arm,  and  works  toward  the  ends. 

he  first  pins  were  case-hardened   and   made   a   very 

it  fit  in  the  hull.    The  rollers  gave  a  sensitive  bearing 

[in  new,  as  there  was  very  little  friction,  but  the  strain 

came  on  one  side  of  the  pin  and  bushing  at  about  one- 

rter  of  the  circumference  of  the  pin  or  at  the  point 

ked  A.     After   about   a   year's   use   the   inertia   bar 

taken    off    and    the    bearing    examined.     This    was 

:e  a  job  as  the  steam  and  exhaust  eccentrics  must  be 

m  off  to  get  to  the  inertia  bar  pin.     Then  the  pin 

d  the  wheel  so  tightly  that  a  ."jack  had  to  be  made 

C)ull  it  out,  even  then  the  threads  of  the  yg-in.  draw 

Ids  were  nearly  stripped,  and  a  sledge  was  used  as  much 

l)ossible  in  the  limited  space  in  order  to  start  the  pin. 


Cause  of  Knock  in  Pumps 

Referring  to  John  F.  Hurst's  statement  in  the  Sept. 
16  issue,  page  404,  concerning  the  reason  why  a  pump 
will  knock  or  give  a  short  jerk,  when  it  starts  on  its  re- 
turn stroke,  my  idea  is  that  it  is  due  to  the  pump  not 
getting  enough  water  to  fill  the  cylinder  before  the 
plunger  starts  on  its  next  stroke.  The  cause  of  the 
water  supply  being  too  small  for  the  pump  may  be  one 
of  the  following  three: 

(1)  The  water  may  l>e  so  low  in  the  supply  tank  that 
the  end  of  the  suction  pipe  is  exposed  to  the  atmosphere, 
admitting  air  to  the  pump  instead  of  water,  or  prevent- 
ing a  sufficient  amount  of  water  to  reach  the  pump.  When 
this  is  the  case  water  and  air  are  both  drawn  into  the 
suction  end  of  the  pump,  the  air  being  compressible.  The 
pressure  is  very  much  lower  in  the  cylinder  until  the  air 
is  compressed  to  the  working  pressure  of  the  pump.  The 
plunger  travels  much  faster  at  the  beginning  of  its  stroke 
until  this  air  is  compressed  to  the  normal  working  pres- 
sure, which  checks  the  speed  of  the  plunger. 

(2)  The  feed  (suction)  pipe  valve  may  not  be  opened 
enough  or  the  pipe  may  be  partly  clogged,  due  to  the 
sediment  in  the  water.  If  this  is  the  case,  the  water 
cannot  get  into  the  cylinder  fast  enough  to  fill  the  space 
in  the  cylinder  before  the  plunger  starts  on  its  return 
stroke,  thus  causing  a  partial  vacuum  in  the  suction  end 
of  the  pump,  which  would  jerk  the  plunger  back  against 
the  water  as  soon  as  the  steam  is  released. 
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(3)  The  suction  pipe  may  be  too  small.  This  would 
have  the  same  effect  on  the  plunger  as  the  above  trouble ; 
if  the  springs  were  too  weak  to  force  the  suction  valves 
on  their  seat,  this  short  Jerking  or  kicking  motion  would 
result  and  continue  until  the  spring  or  springs  were  re- 
placed with  stronger  ones. 

I  have  had  trouble  with  pumps  knocking  or  short  jerk- 
ing quite  often,  but  I  always  found  the  causes  to  be  the 
ones  here  mentioned. 

Chicago.  111.  John  Ferguson. 

Heating  Soldering  Iron  by  Gas 

The  illustration  shows  an  attachment  for  an  ordinary 
gas  fixture  used  to  heat  soldering  irons.  I  have  one  of 
these  in  my  engine  room  and  it  gives  satisfactory  ser- 
vice. 


Application  of  Attachment 


Little  explanation  is  necessary  as  the  sketch  shows 
clearly  how  the  attachment  is  made  and  assembled.  The 
burner  may  be  one  from  a  mantle  light  or  an  ordinary 
burner  with  a  hole  .4  cut  in  the  side  to  admit  air  for 
making  a  blue  flame. 

Roxbury,  Mass.  Chakles  (tTtnn. 

Soda  Ash  for  Boiler  Waters 

I  have  read  with  interest  the  abstract  from  a  lecture 
by  Charles  TI.  Bromley  on  "Soda  Ash  for  Boiler  Waters," 
appearing  in  the  Sept.  16  issue. 

As  I  understand  it.  the  purpose  of  the  article  is  to 
prove  that  solutions  of  soda  ash  (sodium  carbonate)  will 
prevent  any  boiler  from  corroding  with  any  water  for  any 
length  of  time  if  its  concentration  is  maintained  at  or 
over  3  per  cent,  normal  strength. 

To  prove  this  contention,  the  lecturer  cites  one  example 
and  from  this  one  example  sets  forth  a  general  principle, 
applicable  to  all  waters  and  all  conditions.  The  state- 
ment attributed  to  Heyn  and  Bauer,  that  dilute  solutions 
of  sodium  and  potassium  carbonate  promote  corrosion 
instead  of  stopping  it,  is  given  without  reference. 

Regarding  the  corrosion  on  the  ship  "New  Jersey." 
using  a  dilute  solution  of  soda  ash  as  compared  with  no 
corrosion  on  the  "Oregon,"  from  a  scientific  standpoint, 
would  it  not  have  been  advisable  to  have  proved  that  a 
strong  solution  would  prevent  -corrosion  on  the  "New 
Jersey,"  even  in  the  boilers  had  to  be  run  with  difficulty? 

In  the  writer's  opinion,  an  article  of  this  kind  does 
a  great  deal  of  harm,  since  there  is  little  question  of  its 
main  contention  being  erroneous  when  stated  as  a  gen- 
eral fact.  There  are  waters  wherein  the  use  of  soda  ash 
directly  in  the  boiler,  may  result  in  corrosion  of  the  boiler 


and  of  the  steam  piping,  but  such  waters  are  not  the  , 
eral  rule  and  soda  ash  not  the  primary  cause. 

Soda  ash  is  being  used,  under  almost  every  conceiv 
condition,  in  extremely  dilute  solutions  in  thousand 
boilers  all  over  the  United  States.  The  cases  where 
ash  is  charged  with  causing  corrosion  are  extremely  i 
and  an  investigation  of  these  cases  will  show  that  the 
abundant  cause  for  corrosion  from  other  sources.* 

The  writer's  experiences  with  the  use  of  soda  as 
waters  from  which  all  the  free  and  half-bound  carb 
acid  (CO,)  has  been  removed,  covers  about  500  diUe 
boiler  plants,  ranging  in  size  from  500  hp.  to  37.500 
with  almost  every  type  of  boiler.  He  has  yet  ti>  fli 
single  case  of  corrosion  in  this  number  of  boiler  plan 
any  part  of  the  feed  lines,  boilers  or  steam  piping, 
strength  of  the  soda-ash  solution  in  the  boiler-feed  v 
is  rarely  over  one  or  two  grains  per  U.  S.  gallon,  and 
over  500  grains  as  a  maximum  in  the  water  after 
ceutration  in  the  boiler. 

Soda  ash  is  not  a  "cure-all"  and  is  not  a  proper  rea 
to  be  introduced  into  the  boiler  under  all  conditions, 
when  properly  used  in  the  purification  of  water  doei 
hibit  corrosion. 

J.  C.  W.  Gret 

Pittsburgh,  Penn. 

Nozzle  for  Washing  Boilers 

Mr.  Bornmaun's  article  on  washing  boilers  was 
interesting  and  the  device  that  he  uses  is  a  gwd 
There  is  one  change,  however,  which  I  think  woul 
an  improvement  on  the  device,  and  that  is  to  i 
swivel  .loint  at  I'J  (his  Fig.  1 )  instead  of  a  rigid  ell. 


XozzLK  FOR  AVashinp,  Boilers 

ells  would  do,  but  a  swivel  joint  that  could  be  fis 
any  desired  position  would  be  better.  By  this  mea: 
pipe  C  would  not  have  to  be  changed,  as  the  pipes 
P  could  be  turned  to  a  greater  angle  than  90  deg., 
would  lie  practically  the  same  as  using  a  shorter 
This  woukl  permit  its  use  on  the  lower  rows  of  tu 
well  as  the  upper  rows,  and,  although  it  would  not 
back  as  close  to  the  front  head,  this  space  could  lie  v 
by  turning  the  nozzle  sideways  as  far  as  the  m.- 
would  allow,  and  also  by  water  running  down  frc 
upper  rows  of  tubes.  T  should  also  use  a  roum 
nozzle  instead  of  a  square  one  for  the  reason  that 
the  square  one  will  have  a  scraping  action  on  the  i 


Previous  discussion   of  this   subject 
of  Sept.   30.  p.  481.  and  Oct.   28.  p.   G13. 


ippeared   in  tlie  Issues 


*[Mr.  Greth's  statement  that  "cases  where  soda 
charged  with  causing  corrosion  are  extremely  rare."  i 
esting,  for  many  of  those  who  have  used  it  have  expe 
corrosion  troubles  which  they  attributed  to  the  pres^ 
the  soda  asb.  Discussion  of  this  matter  would  be  welci 
Editor.] 
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two  center  rows  of  tubes  there  are  many  boilers  in 
ch  the  tubes  are  spaced  so  close  together  vertically 
.  sometimes  they  are  warped  so  that  there  would  be  a 
sibility  that  the  square  nozzle  when  turned  at  an  angle 
dd  bind  on  the  tubes  while  a  round  nozzle  would  not, 

would  have  the  same  scraping  action  ao  a  square  one. 

J.    ('.    H,\WKIX!S. 

lyattMille.  M(l. 

Says  Bucket  Traps  Are  Best 

n  our  plant  there  are  many  steam  trajjs  of  various 
es,  including  those  of  the  expansion,  drip  and  Inicket 
e.  After  going  very  closely  into  the  matter,  I  lind 
t  the  bucket  type  undoubtedly  is  superior,  both  as  to 
ability,  steam  consumption  and  in  getting  rid  of  water, 
cost  for  maintenance  is  less  than  with  other  types, 
^he  chief  trouble  with  the  expansion  trap  is  that  the 
:al  parts  seem  to  alter  in  length  after  being  subjected 
working  conditions  for  a  few  months.  This  length- 
ag  or  shrinkage  of  parts  alters  the  adjustments,  and 
ible  usually  folloAVs.  When  these  traps  are  not  set  to 
off  quite  tightly  the  seat  is  soon  cut,  thereby  establish- 
a  perpetual  leak  until  the  valve  is  reground. 
Pith  the  bucket-type  trap,  unless  dirt  has  got  under 
seat,  there  are  only  two  positions  in  which  it  is  pos- 
:e  for  the  \alve  to  stop,  either  full  open  or  closed, 
lin,  with  this  type  of  trap,  steam  never  blows  throiigh 
:i  the  discharge  unless  the  bucket  is  rubbing  or  be- 
tes tight  on  its  trunnion  or  hinge, 
n  one  particular  instance  by  the  introduction  ot 
ket  traps  and  the  removal  of  expansion  traps  it  is  ex- 
•;ed  that  enough  will  be  saved  in  nine  months  to  pay 
the  change. 

E.  B.   Pe.vkce. 
lochdrtle,  Eng. 

fety- Valve    Problem    for    Discussion 

\ji  experience  with  a  lever  safety  valve  which  would 
y  wide  open  has  interested  me  considerably.  The  valve 
:  a  flat  disk  and  was  .set  to  blow  at  15  lb.  It  worked 
right  until  it  had  lifted  about  j\  in.,  when  it  moved 
ienly  to  a  wide-open  position.  Later,  I  experimented 
t  other  valves,  holding  them  down  until  the  pressure 

increased  2  or  3  lb.  above  that  at  which  they  operated, 
ji  letting  them  go,  when  they  would  lift  as  high  as  I 
Id  allow. 

[t  is  shown  in  textbooks  on  the  mechanics  of  fluids 
ifiotion  that  the  force  of  a  stream  impinging  on  a  flat 
[ace  larger  than  the  stream  is  twice  as  great  as  the 
p  corresponding  to  the  velocity  of  the  stream.  In 
i'.r  Words,  if  the  end  of  a  nozzle  be  covered  with  a  flat 
)e  and  the  pressure  necessary  to  hold  it  there  be  de- 
j  lined  and  then  it  be  moved  away  from  the  end  far 
;igh  for  the  issuing  stream  to  attain  its  highest  veloc- 
Imd  the  pressure  exerted  upon  it  be  again  determined  : 
ill  be  found  that  the  pressure  has  been  neaily  doubled 
j  would  be  doubled  if  it  were  not  for  the  frictional  re- 
ince  u|)on  the  stream  offered  by  the  nozzle.  Of  course, 
iiplate  must  be  large  enough  to  arrest  the  motion  of  the 
]re  stream  or  the  pressure  will  be  less. 

think  that  in  the  case  of  the  safety  valve,  after  it 
i  lifted  a  certain  distance,  the  vertical  velocity  of  the 


steam  becomes  great  enough  to  slightly  increase  the  pres- 
sure upon  the  disk.  This  increase  would  only  have  to 
be  slight  as  the  resistance  of  a  lever  valve  remains  con- 
stant as  the  disk  is  lifted,  whereas  the  resistance  of  a 
spring-loaded  valve  increases. 

But  what  I  am  most  interested  in  is  how  likely  is  this 
to  happen  in  practice.  If  readers  have  had  similar  ex- 
periences, I  would  like  to  hear  from  them  through  Powee. 

Such  an  accident  might  prove  serious  or,  at  least, 
alarming,  especially  at  high  pressures,  for  the  lift  of  a 
safety  valve  is  ordinarily  i/g  in.  or  less  and  when  it  opens 
an  inch  or  more,  the  rate  of  evaporation  is  enormous  and 
the  water  is  thrown  against  the  top  of  the  shell  with 
more  (U'  less  force. 

H.    H.    IL^STI.N'GS. 

St.  Ijoui.s,  Mo. 

Damage  by  Water  in  Engine 
Cylinders 

The  article  on  the  above  subject  which  related  the  ex- 
periments of  H.  Bollinckx  was  read  with  interest.  Despite 
the  positive  statement  made  as  to  the  improbability  of 
water  doing  damage  after  it  gets  into  the  engine  cylinder, 
and  the  fact  that  the  experimental  engine  was  "stuffed" 
with  water  from  a  pump  provided  for  that  purpose  and 
suffered  no  serious  injury,  one  finds  it  difficult  to  even 
force  himself  to  agree  with  the  argument. 

I  thiidv  it  possible  in  some  ca.ses  for  water  to  return 
to  the  cylinder  from  the  exhau.st  pipe,  but  the  danger 
from  this  source  is  slight,  for  the  valves  operate  wrongly 
to  make  much  of  a  ))ump  of  the  engine  with  the  exhaust 
pijie  for  the  intake.  Whatever  water  follows  the  piston 
from  the  exhaust  pipe  must  leak  by  a  closed  exhaust 
valve,  but  as  valves  will  lift  considerably  on  some  engines 
it  is  possible  that  enough  might  get  into  the  cylinder  and 
get  caught  after  the  exhaust  valve  closed  on  the  return 
stroke  to  more  than  fill  the  clearance  space,  in  which  case 
damage  would  result.  I  do  not  doubt  that  an  engine 
can  be  so  adjusted  (with  exhau.st  remaining  open  to  ex- 
treme end  of  .stroke)  so  that  water  from  any  source  will 
do  little  or  no  damage,  but  with  the  usual  adjustment 
with  more  or  less  compression,  a  slug  of  water,  either 
from  the  exhaust  or  steam  pipe  is  sure  to  do  damage  if 
more  than  enough  to  fill  the  clearance  remains  in  the  cyl- 
inder up  to  the  time  exhaust  completely  closes.  As  water 
has  a  velocity  much  lower  than  steam  at  the  same  pres- 
sure, it  is  likely  to  get  out  last. 

My  experience  with  water  in  engine  cylinders  teaches 
me  that  no  chances  should  be  taken  in  ordinary  engine- 
room  practice  despite  the  assuring  tone  of  the  article  re- 
ferred to. 

L.   JOHXSON. 

Exeter,  N.  H. 

A  Dangerous  Mistake 

A  boiler  having  been  cleaned  and  repaired,  was  being 
filled  preparatory  to  being  put  in  service. 

After  waiting  the  usual  time  for  the  water  to  make  its 
appearance  in  the  gage-glass,  the  attendants  became  ap- 
prenhensive.  As  the  water  still  failed  to  show,  the  boiler 
commenced  to  overflow  from  the  open  safety  valve.  No 
water  was  visible  in  the  glass.     It  was  then  remembered 
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that  a  steam  fitter  had  had  the  water  column  down  repair- 
ing it.  The  water  was  run  out  of  the  blowoft'  to  a  point 
below  the  bottom  flange  on  the  column. 

The  gasket  was  removed,  and,  as  surmised, 
the  center  had  not  been  cut  out.  The  column 
was  connected  and  after  filling,  the  boiler  was 
fired  up.  TJpou  attempting  to  test  the  column  by 
blowing  down,  it  was  discovered  that  there  was  no  cir- 
culation in  the  column.  The  glass  appearing  to  be  full 
all  the  time.  That  the  glass  was  not  giving  a  correct 
reading  was  discovered  by  using  the  try-cocks.  The  boiler 
was  cooled  off  and  again  emptied  when  it  was  found  that 
the  same  mistake  had  been  made  with  the  gasket  at  the 
top  of  the  column. 

This  is  a  dangerous  mistake  as  the  pressure  was  all 
from  the  bottom  of  the  glass,  it  would  stand  full  re- 
gardless of  the  true  water  level  inside  the  boiler. 

Edward  T.  Rixxs. 

Philadelphia,  Penn. 

Carbonine 

The  American  Carbonine  Co.  has  established  a  manu- 
facturing and  distributing  agency  in  Lynn,  Mass.,  and 
with  placarded  automobiles  and  a  propaganda  of  ad- 
vertising is  assisting  the  conservation  of  coal  movement 
to  the  best  of  its  ability.  The  concern  claims  that  a  sav- 
ing of  from  25  to  33  per  cent,  can  be  effected  with  coal 
treated  with  Carbonine  when  used  according  to  di- 
rections, although  this  apparently  e.xorbitant  claim  should 
easily  be  substantiated — if  the  directions  are  followed  to 
the  letter.  The  directions  for  household  use  state  that 
"one  teaspoonful  of  Carbonine  is  to  be  dissolved  in  a 
cup  of  hot  water  and  sprinkled  on  coal  in  hod."  Then, 
"Be  sure  and  use  one-third  less  coal  and  less  draft."  Sim- 
ple, isn't  it? 

TTith  the  purpose  of  acquainting  himself  with  facts 
available  the  writer  visited  the  salesroom  of  the  com- 
pany where  information  was  freely  given.  No  steam 
plants  were  said  to  be  using  Carbonine  in  the  vicinity, 
but  a  test  was  conducted  at  one  of  the  large  factory  plants 
about  one  year  ago  and  a  saving  of  25  per  cent,  was 
claimed,  though,  strange  to  say,  no  Carbonine  has  been 
used  at  this  plant  since  making  the  test.  Furnished  with 
a  copy  of  the  report  of  the  test  I  visited  the  plant  where 
further  information  as  to  the  monthly  statement  of  coal 
consumed  together  -nath  the  corresponding  readings  of 
the  feed-water  meter  was  obtained. 

Following  is  the  report  of  tlie  test  as  issued  by  the 
Carbonine  company: 

Treated  Coal  Untreated  Co.il 

Nov.  1-15,  1912  Dec.  1-15,  1912 

Coal,  soft 81,945         Coal,  soft 132,030 

Screenings 81,945         Screenings 66,085 


Totiil 163,890             Total 198,045 

Hours  run 60         Hours  run 60 

.4v.  hp.  per  hr 476         ,\v.  hp.  per  hr 467 

Lb.  per  hp.  per  hr 2  24  -I-     Lb.  per  hp.  per  hr 3  -|- 

Daily  coal  lb 12.S07         Dailv  coal  lb 15.234 

Water  lb 114,010         Water,  lb 125,780 

Av.  temp 0.35        ,\v.  temp 0.33 

Cost $256.06         Cost $340.73 

While  discussing  the  results  shown  by  the  report,  the  en- 
gineer who  conducted  the  test  admitted  that  3.24  lb.  of 
coal  per  horsepower-hour,  representing  a  water  consump- 
tion, based  on  the  daily  coal  and  water  data  in  the  treated 
coal  report,  of  less  than  20  lb.  per  horsepower-hour,  is 
"a  little  lower  than  is  generally  considered  possible  for  a 


2i.\48,  high-pressure  engine  performance."  The  dis 
sion  finally  led  to  the  admission  that  the  figures  t 
simply  rough  estimates  which,  of  course,  nullifies 
comparative  value  of  any  information  which  tlie  re] 
might  be  expected  to  impart. 

The  items  marked  "daily  coal"  and  "water"  are 
to  be  "fairly  accurate"  weighings  and  reading  of  the  f 
water  meter  for  one  10-hr.  run.  Computing  from  t 
values  it  is  ascertained  that  the  evaporation  with 
treated  with  Carbonine  was  8.90  lb.  of  water  per  po 
of  coal;  while  with  untreated  coal,  though  the  mis 
was  2  of  coal  to  1  of  screenings,  the  evaporation  was  i 
lb.  of  water  per  pound  of  coal. 

These  figures  appear  to  indicate  a  saving  due, 
haps,  to  the  Carbonine  treatment.  However,  a  comf 
son  with  the  coal  and  water  records  for  three  moE 
wlien  approximately  the  same  mixture  of  coal  and  scr 
ings  was  used,  shows  evaporative  values  during 
months  greater  than  is  accredited  to  the  Carbon 
treated  coal. 

Months  June  July  Augufi 

Coal,  soft 118,620  107.150  121,4] 

Screenings 111,660  132,960  152,85 

Totals 230,280  240,110  274,3( 

Water  (cu.ft.) 32,150  35,650  39,5( 

Actual  evaporation  per  lb.  of  coal  8.7  9.27  9 

At  another  steam  plant  where  Carbonine  was  tried 
engineer  thinks  that  there  was  a  slight  saving  in  f; 
of  Carbonine,  though  if  the  Carbonine  had  to  be  ' 
chased,  the  cost  would  have  exceeded  the  saving  obser 

At  a  city  plant  where  apparatus  is  installed  for 
ducting  fuel  tests,  Carbonine  was  tried  for  one  w 
Figures  of  these  tests  are  not  available,  but  the  el 
engineer's  statement  that  "so  far  as  could  be  asccrta 
the  treatment  of  Carbonine  made  no  difference  in 
results  obtained"  coincides  with  the  views  cited  abov 

Apparently,  there  is  a  market  for  Carbonine  in 
■"home  combustion"  field  as  it  is  no  secret  that  abou 
]ier  cent,  of  the  heat  value  of  the  fuel  burned  is  wai 
through  careless  manipulation  of  the  draft,  so  if  tht' 
struction  "Be  sure  and  burn  one-third  less  coal,  and 
draft"  can  be  consistently  complied  with  and  the  hes' 
and  cooking  satisfactorily  accomplished,  providers  sbj 
recognize  that  its  use  may  be  accompanied  by  some  ll 
fit  to  household  economy. 

Lvnn.  Mass.  Charles  F.  Adaj) 

♦.♦  ' 

Economy  of  the  Steam  Loop 

Mucli  has  been  written  about  the  steam  loop  an 
method  of  returning  the  condensation  directly  tc 
boiler.  To  be  sure,  its  simplicity  is  in  its  favor,  bi 
in  other  power-station  apparatus,  economy  cannc 
overlooked. 

The  condensation  will  readily  flow  into  the  drip 
oeiver  by  gravity  and  the  flow  from  the  elevated  rei 
into  the  boiler  is  due,  of  course,  to  the  receiver  pre 
]ilus  the  head,  overcoming  boiler  pressure. 

The  energy  required  is  in  lifting  the  condens 
from  the  lower  receiver  to  the  upper  and  caused 
difference  in  pressure  again.  This  is  provided  by  s 
ing  more  or  less  steam  to  be  vented  to  the  atmosi 
Xow,  the  point  is,  how  does  this  method  comps 
economy  with  that  of  a  pump,  maintained  in  good 
tion,  and  the  maintenance  noted,  when  the  exha 
utilized  ? 

Union  Hill.  X.  .T.  L.  W.  CulV 
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Panilleling  Exciters — Will 
torily  together  when  one 
er    shunt    wound? 


exciters     operate     satis- 
Dmpound    wound    and    the 


No.  I£  they  must  be  operated  in  parallel  it  would  be 
ter  to  cut  out  the  series  winding  of  the  compound- wound 
jhine    and     operate     both    machines    with    shunt    windings 


rube  Beailing — How  much  should  3y2-in.  tubes  project 
end  the  heads  of  a  I'eturn-tubular  boiler  at  each  end,  to 
>w  for  beading  when  retubing  a  boiler  of  this  type? 
uld    the    tubes    be    annealed    before    using? 

B.  H.  S. 
About  M  in.  Standard  boiler  tubes  used  in  standard 
5ths  do  not  require  annealing  for  rolling  or  beading  as 
y  are  already  properly  annealed,  but  if  cut  to  shorter 
gths  than  furnished  by  the  manufacturer,  the  cut  end 
uld  be  annealed. 


Boiler  Feeding — Why  is  an  injector  for  boiler  feeding  con- 
?red  inefficient,  when,  except  for  the  small  amount  of  heat 
t  in  the  overflow,  the  heat  of  the  steam  consumed  is  re- 
ned   to    the    boiler   in   the   water? 

J.  B. 
Injectors  are  more  economical  of  steam  than  feed  pumps, 
:  for  many  purposes  this  advantage  is  offset  by  the  ob- 
tions  that  they  become  clogged,  can  draw  only  cold  or 
derately  warm  water,  require  dry  steam  for  their  oper- 
on  and  some  skill  to  handle  and  that  they  generally  are 
;  adapted   to    graduation    of   feed   nor   continuous    feeding. 


Setting  Tliermostat — Having  no  thermometer  or  other  in- 
umtnt  to  measure  the  temperature  how  can  a  thermostat 
set  to  operate  at  376  deg.  C.  ?  There  is  a  well  in  the 
am  line  for  a  thermometer.  Could  not  some  substance  be 
t  in  this  well  that  would  burn, _  melt  or  otherwise  indicate 
en   about    the    ttmperature    reciuired    is    reached? 

L.    B.  T. 
Lead  melts  at   620   deg.   P.  and  zinc  at   7S6  deg.    F.     Adjust- 
r   the    thermostat    to    operate    between    these    limits    would 
)bably    be    close    enough    to    the    desired    temperature,    376 
J.   C,   or    709    deg.    P..    for    all    practical    purposes. 


Removing  Tulle  Scale — How  may  the  scale  be  removed 
■  m  old  boiler  tubes  which  have  been  taken  out  to  be 
igthened    bv   welding   pieces    on    the    ends? 

B.   H.   S. 

Boiler  flues  in  quantities  are  cleaned  in  flue-cleaning 
ichines  by  hanging  a  number  of  tubes  in  the  loops  of  a 
ir  of  endless  chains  running  over  sprockets  on  horizontal 
ifts.  Cleaning  is  accomplished  by  causing  the  tubes  to 
1  over  and  over  each  other.  Ordinary  boiler  scale  can 
ually  be  cleaned  with  a  strong  solution  of  soda  ash,  after 
noving  the  thickest  scale  by  lightly  hammering  the  ex- 
•ior  surface   of   the    tube. 


Purging  the  Absorber — How  often  and  where  should  the 
Berber  of  an  absorption  ice  machine  be  purged?  Is  not 
e  valve  on  the  side  for  drawing  a  sample  to  test  the 
•ength    of    the    liquor? 

R.    P.    P. 

At  regular   intervals,    say   once  every   two  or  three  months, 

blow  oft  whatever  air  or  other  noncondensible  gases  have 
cumulated.  Usually  absorbers  are  blown  off  at  th^  top 
most  of  the  gases  contained  are  lighter  than  ammonia 
por.  If  there  is  any  other  valve  except  the  purge  valve,  it 
n  be  used  to  draw  oft  a  sample  of  the  liquor,  but  care 
oula     be     taken     that     this     valve     is     close     to     the     strong 

uor  line  where  it  leaves  the  absorber,  otherwise  the  sample 
awn  may  not  represent  an  average  of  the  strong  liquor 
ed   in   the   refrigerating   cycle. 


Bolt    Strain — Knowing  the   tensile  strength   of  a  bolt,   how 
ly  it  be  calculated  what  force  applied  on  the  wrench  handle 

tightening  the  nut  will   break  the  bolt? 

C.   H.   W. 

Neglecting  friction,   the   tensile  strain  will  be  equal   to   the 
:ce    applied    to    the    wrench,    multiplied    by    2    times    3. 1416 


times  the  distance  (in.)  of  the  force  from  the  center  of  the 
bolt,  divided  by  the  pitch  of  the  screw  (in.)  As  in  screw- 
ing up  a  nut  the  friction  of  both  the  screw  thread  and  the 
bearing  face  of  the  nut  must  be  overcome  by  the  force  ap- 
plied to  the  wrench,  the  amount  of  tension  brought  on  the 
bolt  will  depend  on  what  per  cent,  of  the  power  is  lost  in 
overcoming  friction.  In  ordinary  metal  work  the  actual 
pressure  of  the  nut  or  tension  on  the  bolt  would  be  SO  to  95 
per  cent,  of  the  tension  calculated  without  friction,  depend- 
ing on   the  character  of   the  bearing   surfaces. 


Turbine  Bucket  Erosion — What  is  the  relation  of  steam 
velocity  to  bucket  erosion  in  steam  turbines?  It  has  been 
stated  that  the  erosion  is  proportional  to  the  square  of  the 
steam  velocity,  but  that  such  a  fixed  law  could  hold  hardly 
seems   possible. 

A.    E.    M. 

The  statement  mentioned  evidently  is  founded  on  the  as- 
sumption that  the  work  of  erosion  would  be  as  the  square 
of  the  steam  velocity,  but  the  rate  of  erosion  would  depend 
on  the  characteristics  of  the  metal  of  the  bucket  as  well  as 
the  velocity  of  steam,  and  it  would  be  very  difficult  to  state 
a  fixed  law.  The  rate  of  erosion  is  unquestionably  influenced 
by  the  wetness  of  the  steam  and  by  solid  particles  of  piping, 
nozzles,  etc.,  that  may  be  carried  along  with  the  steam,  but 
the    extent    would    depend    on    conditions    for    any    particular 


Simultaneous      Pump      Suction      from      Diflierent      Levels — A 

water  supply  is  taken  from  two  lakes  about  114  miles  from 
the  plant,  the  farther  lake  15  ft.  higher  than  the  nearer  one 
and  containing  the  larger  amount  of  water.  Watei'  runs 
in  from  the  far  lake  of  its  own  accord,  but  this  lake  usually 
runs  dry  in  August,  compelling  all  of  the  water  to  be  taken 
from  the  nearer  lake  and  then  pump  trouble  begins  in  loss 
of  priming.  Could  a  device  be  arranged  to  utilize  the  ex- 
cess head  of  the  farther  lake  to  pull  part  of  the  water 
from  the  nearer  lake,  say  three-quarters  from  the  farther 
one  and  one-quarter  from  the  nearer  one,  that  would  be 
automatic  in  its  action?  Such  a  device  would  save  ex- 
hausting the   farthei-   lake. 

C.  G. 
Probably  a  "jet  pump"  in  the  nature  of  a  water  ejector 
or  eductor  could  be  placed  at  the  junction  of  the  pipes  lead- 
ing from  the  lakes  and  the  ejector  could  be  so  designed  that 
the  75  per  cent,  supply  of  water  drawn  from  the  higher 
level  could  be  employed  for  drawing  in  and  carrying  along 
the   25    per   cent,    of  supply   to   be  taken   from    the   lower  pond. 


Alr-Pump  Power  Cansumption — What  power  would  be 
consumed  by  a  single-acting  air  pump  making  60  r.p.m. 
geared  down  from  a  shaft  running  1500  r.p.m.  and  working 
against  a  pressure  of  120  lb.,  the  pump  having  a  C-in.  stroke 
and  a  3-ln.  bore? 

A.    C.    R. 
The    net    power   developed   would    be   found   by    the    formula 
P    X    L    X    A    X    N 

Hp.    = 

33,000 
in  which 

P    =    Pressure,    lb.   per  sq.in.    (120); 
L    =    Length   of  stroke,  ft.    (ft); 
A    =    Area   of   cylinder,    in.    (7.06S6); 
and 

N    —    Acting  strokes   pel-  minute    (60). 
Then, 

120    X    fi    X    7.0fi,S6    X    CO 


12 


Hp. 


0. 


net  hp, 


3,'i,000 

The  efficiency  of  the  air  pump  would  be  about  60  prr 
cent.,  so  that  the  power  required  to  be  applied  to  the  ininip 
would   be 

0.77 

=     1.2S3    hp. 

0.60 

The    efficiency    for    the    gearing    would    be    about    1)0    per    cent., 
so  that  the  total   power  taken  from    the  shaft   would   be 
1.2S3 

=    1.42  hp. 

0.90 
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Lubrication 

Friction  is  the  resistain'e  of  oue  surface  sliding  upon 
auother;  it  is  due  to,  and  its  extent  depends  greatly  up- 
on, the  roughness  of  the  surfaces.  All  surfaces,  no  matter 
how  smooth  and  polished  they  may  seem  to  the  unaided 
eve,  possess  minute  projections  and  hollows.  Hence, 
whon  one  surface  is  rubbed  on  another  the  projections  of 
one  catch  into  the  hollows  of  the  other  and  must  be 
l)roken  or  worn  off  or  lifted  out  before  any  sliding  may 
take  place.  All  this  takes  energy,  and  the  amount  of 
energy  thus  spent  is  called  the  loss  due  to  friction. 

Some  surfaces  naturally  offer  less  resistance  than 
others,  and  the  condition  of  a  surface  also  has  its  in- 
fluence. Other  things  being  equal  the  friction  between 
two  surfaces  is  almost  directly  proportional  to  the  total 
pressure.  The  area  of  contact  has  but  small  influence 
e.xiept  in  extreme  ca.ses.  The  speed  at  which  the  surfaces 
rul)  over  each  other,  provided  tills  speed  is  not  excessive- 
ly low  or  high,  has  practically  nothing  to  do  with  the 
amount  of  the  friction  developed.  These  things  being 
true,  the  friction  that  a  given  bearing  w^ill  develop  can 
be  estimated  simply  by  figuring  the  weight  to  be  carried 
and  multiplying  by  a  factor  based  on  the  slipperiness  of 
the  bearing  surfaces.  This  factor  is  generally  known  as 
the  coefficient  of  friction. 

To  rediue  the  efl'ect  of  the  naturally  more  or  less  rough 
nature  of  a  bearing  surface  lubricants  are  employed. 
These  are  forced  or  work  their  way  between  the  surfaces 
ill  contact,  and  tend  to  separate  them,  with  the  result 
that  the  minute  projections  and  hollows  cannot  mesh 
thoroughly  and,  hence,  the  friction  is  reduced. 

Lubricants  are  divided  in  three  clas.ses.  solid,  semi- 
solid and  liquid.  The  action  of  the  first  two  classes 
seems  to  be  similar  to  that  of  a  set  of  exceedingly  minute 
rollers,  which  carry  the  weight  or  sustain  the  pressure 
while  the  bearing  surfaces  slide  or  roll  on  them.  The 
action  of  the  liquid  hiiivicaiits  is  to  form  a  film  between 
the  bearing  surfaces  iijuui  wlii<h  the  pressure-imposing 
surface   literally   floats. 

Solid  and  Si:.\ii-Soud  Luhiucaxts 

The  solid  lubricants  are  graphite,  plumbago,  soapstone. 
etc.  The  first-named  is  the  most  widely  used.  To  yielct 
good  results  the  bearings  in  which  they  are  used  should 
be  of  very  hard  material.  Graphite  is  often  mixed  with 
oils  and  greases  and  usually  a  better  lubricant  results. 

Semi-solid  lubricants,  or  greases  as  they  are  commonly 
called,  are  made  principally  from  mineral  oils  to  which 
are  added  lime,  soda  or  similar  solid  matter  which  will 
mix  with  the  oil  to  form  a  smooth  plastic  substance. 

Liquid  Ltibric.vnts 

Liquid  lubricants  or  oils  are  divided  into  three  groups, 
animal,  vegetable  and  mineral.  The  animal  oils  com- 
monly employed  are  lard,  neatsfoot,  tallow  and  whale  or 
sperm  oil.  Those  of  vegetable  origin  are  castor,  corn 
and    rape-seed   oil.      The    oils    of   these   two    cla.sses    are 


known  as  fixed  oils  and  solidify  at  ordinary  temperatures. 
The  animal  oils  solidify  at  higher  temperatures  than  the 
vegetable  variety.  Animal  and  vegetable  oils  have  the 
})roperty  of  combining  with  oxygen  from  the  air  and  for 
this  reason  are  seldom  used  pure  because  the  oxidation 
])rocess  causes  them  to  become  gummy  and  tend  to  in- 
crease friction.  They  are  often  mixed  with  mineral  oils, 
however,  as  the  latter  arc  unatt'ected  by  oxygen. 

The  mineral  oils  are  obtained  from  crude  petroleum 
and  form  the  cla.ss  most  extensively  used  for  lubrication 
at  the  present  time.  Although  petroleum  is  composed 
almost  entirely  of  hydrogen  and  carbon,  these  two  ele- 
ments are  combined  in  such  a  vast  variety  of  proportions 
that  by  a  process  of  refining  the  petroleum  can  be  re- 
duced to  nnmy  products  of  widely  different  physical  char- 
acteristics and  uses.  By  applying  heat  in  gradually  in- 
creasing intensity  and  condensing  the  vapors  given  oS, 
various  products  are  obtained,  beginning  with  the  thinner 
or  more  volatile  distillates,  such  as  gasoline  and  benzine, 
then  come  the  kerosenes  and,  finally,  the  various  grades 
of  lubricating  oils.  The  latter  are  generally  put  through 
a  process  of  purifying  before  they  are  sold  for  use.  This 
consists  chiefly  of  removing  odor-forming  constituents, 
any  tarry  substance  that  may  have  lieen  formed  during 
distillation,  and  improving  the  color. 

After  refining,  the  mineral  oils  nuiy  be  compounded 
with  animal  or  vegetable  oils  so  as  to  yield  a  product 
possessing  some  of  both  the  desirable  and  undesirabk 
qualities  of  each.  Animal  and  vegetable  oils  possesf 
higher  hibricating  value — a  higher  degree  of  "slipperi- 
ness"— than  the  mineral  variety.  Hence,  when  com- 
pounded, they  make  for  a  more  effective  lubricant.  But 
as  has  been  stated,  they  also  possess  the  troublesome  qual- 
ity of  gumming  when  exposed  to  the  air,  which  the  miu 
eral  oils  do  not.  Hence,  compounding  serves  to  hrinf 
this  fiutor  within  practicable  limits. 

TicsTixn  Oils 

It  is  the  ojiinion  of  many  that  the  best  test  of  a  Mm 
cant  is  that  of  service.  In  the  case  of  grea-ses  this  I; 
about  the  only  test  within  the  reach  of  the  engineer. 

In  the  case  of  oil.  several  simple  tests  can  be  mad' 
before  the  real  test  of  service  is  given.  But  here,  too 
the  latter  is  the  only  truly  reliable  test  that  can  be  made 
The  other  tests  are  often  worth  while,  however,  as  the; 
assist  in  comparing  one  lot  of  oil  with  auother. 

The  usual  tests  made  are  viscosity  test,  specific-gravit 
test,  cold  test,  flash  test,  fire  test,  gumming  test,  acidib 
test,  and  test  for  animal  and  vegetable  oils  and  fo 
"oil-pulp." 

A^ISCOSITY 

Viscosity  is  that  quality  of  a  liquid  which  tends  to  pre 
vent  its  particles  from  separating:  in  other  words,  it  i; 
the  quality  which  determines  whether  a  liquid  flows  free! 
ly  or  slugeishly.  ifolasses  is  said  to  be  very  viscid  be 
cause  it  "runs"  slowly,  while  the  viscosity  of  alcohol  i 
low  because  it  "runs"  easily.     The  temperature  of  sodB' 
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[liquids,  among  which  are  the  oils,  has  great  influence 
upon  their  viscosity,  the  higher  tlie  temperature  the  more 
easily  they  flow.  For  this  reason,  the  viscosity  test,  as 
usually  conducted  under  ordinary  temperatures,  has  lit- 
tle or  no  direct  significance,  especially  in  the  case  of  the 
(vlinder  oils  which  are  used  at  temperatures  of  300  deg. 
(II-  more. 

The  viscosity  test  is  made  with  a  viscosimeter  of  which 
iIrtc  are  numerous  makes  on  the  market.  Most  of  them 
slidw  the  degree  of  viscosity  by  the  time  required  for  a 
,i;i\('ii  quantity  of  liquid  to  run  through  an  orifice  of 
ui\cn  size.  One  make,  however,  employs  a  disk  which  is 
idtalcd  in  the  liquid  to  be  tested  and  the  viscosity  is  es- 
timated from  the  resistance  the  liquid  offers.  Viscosim- 
etcrs  range  in  price  from  $1.75  upward.  For  simply 
coiiiparing  oils  or  different  shipments  of  the  same  oil  a 
iKiiiie-made  apparatus  will  answer  well  enough.  In  its 
sini]i!est  form  such  an  apparatus  would  be  nothing  more 
than  a  funnel,  preferably  of  glass,  with  a  small  neck.  In 
ti'-liiig,  the  thing  to  remember  is  to  keep  conditions  uni- 
ronu  throughout  all  tests  made. 

I,  Fix  the  funnel  in  an  upright  position  in  a  firm  sup- 
Iport,  first  making  sure  that  it  is  clean  and  dry.  Then 
!  measure  accurately  a  given  quantity  of  oil  such  that 
[all  of  it  can  be  put  into  the  funnel  at  once.  Stop  the  neck 
jof  the  funnel  with  a  finger  or  plug  and  pour  in  the 
measured  oil.  If  more  convenient,  a  mark  can  be  placed 
on  the  funnel  near  its  rim  and  the  oil  measured  by  filling 
the  funnel  to  this  mark.  When  the  oil  has  been  measured 
and  filled  in,  remove  the  finger  or  plug  and  note  the  ex- 
act  time  by  a  watch  or  clock  which  shows  seconds.  If  a 
top  watch  is  available  better  work  will  be  possible.  If 
he  funnel  used  is  of  glass,  a  second  mark  can  be  placed 
close  to  or  on  the  neck  or  narrow  part  and  when  the 
oil  has  run  out  to  this  level  the  time  should  again  be 
tioted  as  closely  as  possible.  T!.e  elapsed  time  is  an  index 
to  the  relative  viscosity.  If  the  funnel  is  not  transparent 
Isome  other  means  of  gaging  the  point  of  taking  the  sec- 
;bnd-time  reading  must  be  employed.  A  suitable  point 
would  be  at  the  instant  when  the  stream  from  the  funnel 

! broke  into  drops. 
If  the  reader  possesses  the  apparatus  specified  in  the 
Nov.  4  lesson  he  may  use  the  burette  as  a  viscosimeter 
Imore  conveniently  perhaps  than  a  funnel.  In  using  it, 
|however,  care  must  be  taken  that  the  stop  cock  is  always 
fwide  open,  that  the  oil  is  filled  in  to  the  same  level  for 
[each  test  and  that  the  time  is  always  taken  when  the  oil 
[runs  out  to  a  given  level.  As  temperature  has  an  Im- 
'portant  effect  on  the  viscosity  of  oils  care  should  be  ex- 
jercised  in  having  the  temperature  of  the  oil  and  room 
jalways  uniform  in  both  summer  and  winter. 

Specific  Gravity 

The  specific  gravity  of  a  substance  is  the  ratio  of  its 
weight  to  the  weight  of  an  equal  volume  of  water.  Thus. 
Iwlien'we  say  the  specific  gravity  of  lead  is  11.4,  wc  mean 
that  a  cubic  foot  of  lead  weighs  11.4  times  as  much  as  a 
;enbic  foot  of  water  at  standard  temperature.  Hence, 
jkncwing  the  weight  of  water  to  be  63.355  lb.  per  cu.ft. 
!at  th?  standard  temperature  of  62  deg.  P.,  it  is  an  easy 
matter  to  multiply  this  figure  by  the  specific  gravity  of 
^!ead  to  find  the  weight  of  the  latter,  thus 

62.355  X  11.4  =  710.8  lb. 
weight  of  1  cu.ft.  of  lead. 


The  specific  gravity  of  a  solid  body  is  found  by  dividing 
the  weight  of  the  body  in  the  air 'by  the  difference  be- 
tween its  weight  in  air  and  its  weight  when  submerged 
in  water.  But  the  specific  gravity  of  a  liquid  is  usually 
found  by  means  of  a  hydrometer  or  glass  tube  with  a 
bulb  at  its  lower  end  partly  filled  with  mercury  and  with 
a  scale  on  its  upper  end  or  stem.  The  hydrometer  is 
l)laced  in  the  liquid  to  be  measured  and  being  heaviest 
at  its  lower  end  floats  in  an  upright  position.  The  depth 
to  which  the  instrument  sinks  depends  upon  the  densitv 
of  the  liquid  or  its  specific  gravity.  For  oils,  the  Baume 
hydrometer  is  the  instrument  usually  employed.  This 
instrument  gets  its  name  from  its  inventor  and  the  scale 
on  its  stem,  divided  into  degrees,  is  known  as  the  Baume 
scale.  Hence,  the  specific  gravity  of  oils  is  usually  stated 
in  degrees  Baume. 

To  convert  degrees  Baume  to  specific  gravity,  where 
the  liquid  is  heavier  than  water,  divide  145  by  the  differ- 
ence between  145  and  the  gravity  of  the  liquid  in  de- 
grees Baume,  as  shown  by  the  hydrometer.  Where  the 
liquid  is  lighter  than  water,  divide  140  by  the  sum  of 
130  and  the  gravity  of  the  liquid  in  degrees  Baume,  as 
shown  by  the  hydrometer.  For  accuracy,  the  liquid  be- 
ing tested  must  be  at  60  deg.  temperature.  If  it  is  not 
convenient  to  have  the  oil  at  60  deg.,  for  every  10  deg. 
above  60,  subtract  1  deg.  Be.  from  the  reading. 

Cold  Test 
The  cold  test  is  not  necessary  unless  the  oil  is  to  be 
used  where  the  temperature  is  low.  To  make  this  test 
pack  a  4-oz.  bottle  containing  1  oz.  of  oil  and  a  thermom- 
eter of  suitable  range  and  size  in  a  freezing  mixture. 
When  the  oil  hardens,  remove  the  bottle  and  as  the  oil 
begins  to  warm  up  and  soften,  stir  constantly  to  keep 
the  temperature  uniform  throughout  the  mass.  Whe',1 
the  oil  will  run  from  one  end  of  the  bottle  to  the  other 
read  the  temperature  of  the  thermometer. 

Plash  and  Fire  Tests 

This  test  (flash)  also  has  its  chief  value  as  a  means  of 
identification,  but  in  some  cases  it  is  valuable  as  a  pre- 
caution against  using  an  oil  where  the  temperature  en- 
countered might  cause  danger  of  a  fire. 

The  simplest  form  of  test  is  to  heat  a  quantity  of  oil 
in  an  open  porcelain  dish  until  flashes  of  flame  across  the 
surface  of  the  oil  are  caused  when  a  lighted  stick  is 
brought  close  to,  but  not  touching  it.  A  thermometer 
of  suitable  range  is  necessary  and  this  should  be  immersed 
in  the  oil  so  that  the  bulb  "does  not  touch  bottom. 

The  fire  test  is  conducted  in  the  same  way  as  the  flash 
test,  except  that  the  heating  is  continued  until  the  oil 
gives  off  vapors  fast  enough  to  burn  continuously,  when 
a  flame  is  applied.  The  temperature  at  that  point  is 
the  fire-test  temperature. 

The  balance  of  the  tests,  being  complicated  and  diffi- 
cult, are  seldom  attempted  except  in  a  properly  equipped 
laboratory  by  a  trained  expert.  However,  inability  to 
make  these  tests  should  not  prevent  a  wide-awake  engi- 
neer from  securing  a  suitable  and  reliable  grade  of  oil 
for  his  plant.  An  oil  that  is  not  suitable  or  one  of  in- 
ferior grade  that  is  sold  at  a  high  price  is  bound  to  show 
up  poorly  in  service. 

Selecting  a  Ltjbricant 
The  selection  of  the  best  lubricant  for  a  certain  appli- 
cation is  no  simple  problem.     The  man  who  is  to  secure 
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the  best  results  must  devote  much  attention  to  controll- 
ing conditions   and  learn  largely  by   actual   experience. 

Generally  speaking,  the  important  factors  are  the  speed 
and  pressure  of  the  bearing  surfaces  and,  sometimes,  tem- 
perature. Due  precaution  must  be  taken  that  the  nature 
ox  the  bearing  surfaces  is  suitable;  that  the  surfaces  are 
in  good  condition  aud  that  the  mauuer  of  supplying  the 
lubricant  is  right. 

According  to  W.  H.  Bailey,  quoted  in  "Kent's  Me- 
clianical  Engineers'  Pocket-Book,"  the  general  require- 
ments of  a  good  lubricant  are:  Sufficient  body  to  keep 
the  rubbing  surfaces  free  from  contact  under  maximum 
pressure ;  greatest  possible  fluidity  consistent  with  the 
foregoing  condition ;  lowest  possible  eoeflficient  of  fric- 
tion; greatest  capacity  for  storing  and  carrying  away 
heat :  high  temperature  of  decomposition ;  jMwer  to  re- 
sist oxidation  or  the  action  of  the  atmosphere,  and  free- 
dom from  corrosive  action  on  the  metals  of  bearings. 

For  bearings  under  hea\7  pressure  aud  operating  at 
low  speed  the  best  lubricants  are  heavy  greases  and  oils 
or  solid  lubricants.  With  higher  speeds  aud  lighter  pres- 
sures, thinner  or  lighter  oils  or  greases  are  suitable. 

Prof.  A.  H.  Gill  gives  the  following  hints  in  selecting 
a  lubricating  oil  for  bearings :  Use  the  most  fluid  oil  that 
will  stay  in  place  and  do  the  work.  The  flash  point 
should  not  be  less  than  300  deg.  F.  The  best  oil  is  that 
which  possesses  the  greatest  adhesion  to  metal  surfaces 
aud  the  least  cohesion  among  its  owu  particles.  For  light 
pressures  and  high  speeds  use  mineral  oils  having  a 
specific  gravity  of  about  30.5  deg.  Be.  aud  a  fksh  point 
of  not  less  than  360  deg.  F.  For  ordinary  service  use 
mineral  oils  of  from  25  to  29  deg.  Be.  aud  Imviug  a 
flash  point  of  between  400  and  450  deg.  F. 

Cylinder  oils  are  usually  compounds  of  heavy  min- 
eral stock  and  from  1  to  10  per  cent.,  sometimes  more, 
of  fixed  oil  or  fat,  such  as  tallow  oil,  tallow,  lard  or  lard 
oil.  The  reason  for  thus  compounding  is  because  pure 
mineral  oil  caunot  adhere  to  wet  surfaces  and  most  steam 
cylinders  are  wet.  The  fixed  oils  and  fats,  however,  read- 
ily mix  or  emulsify  with  water  and  this  mixture  does  ad- 
here to  wet  surfaces.  Thus,  by  compounding  mineral 
and  animal  oils,  effective  lubrication  is  secured.  Care 
must  be  exercised,  however,  that  only  the  necessary  per- 
centage of  fi-xed  oil  or  fat  is  used,  because  this  very  qual- 
ity of  mixing  with  water  may  cause  trouble  in  the  boiler, 
if  the  exhaust  is  returned  with  the  boiler  feed. 

The  fixed  oil  or  fat  compounded  with  the  mineral  oil 
should  be  of  the  highest  quality  obtainable :  otherwise  the 
metal  of  the  cylinder  walls  is  in  danger  from  the  acids. 
A  simple  way  in  which  to  detect  inferior  material  is  by 
the  disagi-eeable  smell  which  is  given  off  when  the  oil  is 
heated. 

Tests  by  numerous  engineers  and  investigators  have 
shown  that  the  addition  of  a  suitable  proportion  of  a 
proper  gi-ade  of  graphite  to  both  cylinder  and  engine  oils 
improves  the  lubrication  and  tends  to  reduce  the  quan- 
tity of  oil  required.  Its  use  is  to  be  uudertakeu  with  cau- 
tion, however,  as  unless  properly  handled  aud  applied 
new  difficulties  may  be  encountered. 

IlUnoi.<i  Establishes  Xew  Coal-Producing  Record — Figures 
made  public  by  the  statistician  of  the  United  States  Geolog- 
ical Survey  show  that  the  production  of  coal  in  Illinois  in 
1912  was  59,885.226  short  tons,  valued  at  the  mines  at  $70,294,- 
33S.  This  constitutes  a  record  for  the  state.  Coal  is  mined 
in  half  of  the  102  counties,  the  total  coal-formation  area  of 
the  state  is  35,600  square  miles. 


1    OVER 

1        JUST     JESTS 

THE  SPILLWAY 

JABS,      JOSHES      AND     JUMBLES 

Somebody    recently    said   that   the   world    is   awakening    to 
the   fact    that    the   Golden   Rule   is   just   plain    common    s.  :. 
Sure!      But    it    takes   a    real    fellow    to    carry    out    its   spe<  1 1 
tions.      There    are    many,    and    always    will    be.    who    woiil  i     i 
know   it   from   the  Kreutzer   Sonata  if   it  were  set  to   musii 

After  48  hours'  imprisonment  in  a  power-station  boiler, 
a  Utica-Italiano  inquired  on  his  release:  "Is  election  day 
over?"  And  he  wasn't  in  hiding  either,  gentle  reader,  as  a 
repeater.  Dominick  Gaetano  clum  in  to  clean  out  the  boiler, 
and  someone  clamped  on  the  manhole  cover.  This  man's  a 
patriot!  Most  of  us  wouldn't  care  a  cuss  whether  Fusion  or 
Tammany  got  in:  we'd  be  too  keen  on  how  to  get  out. 

Slantha!  Tim  Healy,  who's  a  coroner  in  New  York  City. 
In  this  column  of  Sept.  2  we  said  that  "the  only  thing  Tira 
ever  runs  from  is  his  friends;  offices,  and  enemies,  he  runs 
for,  and  gets  them.  As  a  coroner,  he  looks  like  a  dead 
winner!" 

But  Tim  ran  away — away  ahead  of  his  ticket.  Shure, 
Timmy  darlint,  if  we  were  to  die  this  day,  'twould  be  Hivin 
to  have  ye  come  an*  sit  on  us! 

"A  pound  of  laughter  is  worth  a  ton  of  pills,"  says  a 
contemporary.  We  usually  meld  the  "150"  and  "40  jacks"  in 
the  smile  game  ourselves.  How  high  we'd  bid  on  a  ton  of 
pills,  even  at  2c.  a  hundred —  Say.  is  this  a  long  ton,  f.o.b., 
or  what? 

Brother  Van  Keuren,  Famoso.  Calif.,  sent  this  clipping: 
"TULARE.  Oct.  10. — A.  Marquehose  was  severely  burned  at 
noon  by  an  explosion  of  gas  and  oil  in  the  firebox  of  the 
steel  digger,  at  work  on  the  trenches  for  water  mains  in  this 
city.  Marquehose  was  working  wif.i  the  oil  feed  to  the  fire- 
box on  the  steam  engine  "when  accumulated  gas  ignited  the 
oil.  The  flame  shot  out  directly  in  his  face.  He  was  burned 
about  the  neck,  ears  and  face.  His  hair  was  all  singed  off 
in  front." 


A  V\'est  Virginia  schoolma'am  has  installed  a  small  iso- 
lated plant  in  an  anteroom  of  the  schoolhouse.  It's  neces- 
sarily a  heating  plant  because  it's  an  electric  "spanker." 
This  engine  delivers  5  s.b.p.s  (5  sharps  blows  per  second). 
The  lady  engineer  says  that  while  the  rrn  is  short,  it's  long 
on  efficiency.  Central  stations  might  adopt  the  "spanker" 
as  a  means  of  building  up  a  day  load. 

"■With  artificial  ice,  care  must  be  taken  not  to  let  fish 
come  in  contact  with  it,  as  the  ammonia  used  in  freezing 
it  affects  the  fish." — N.  T.  "Times." 

Help!  Don't  you  know,  dear  "Times,"  that  a  couple  of  ' 
sticks  of  ammonia  laid  crosswise  of  a  fish's  neck  just  hypno-  ■ 
tizes   it   so   that   nothing   ever  after  will   affect   it? 

We  used  to  think  that  as  boosters  the  Western  fellows  ( 
took  the  brass  ring,  but  that  merry  crowd  of  Beaners  in  the 
Commercial  Engineers  get  away  with  the  whole  dinged  car- 
rousel. Now.  they're  boosting  the  coming  Boston  Powel" 
Show  in  their  bright  little  "Bulletin."  Reads  like  these  boyu 
just  went  around  in  bunches  with  their  arms  about  eacll 
others'  necks — and  t\  o  bet  they  do.  too.  Get  the  formula,  y 
"other"  people,  and   be  a  real   feller! 

The    Swedish    scientist.    Alfred    Nobel,    and    the    inventor    of  I 
dynamite,   left    $9,000,000   as  a   fund,   the   interest   to   be  distri- 
buted   to    those    who    had    contributed    most    to    "the    good    of  ( 
humanity."     The  value  of  each  prize  foots  up  to  about  $40,000, 
the    prizes    being    awarded    every    year.      The    medicine    prize 
goes    to   Charles   Richet,   of   the   French   Academy   of  Medicine, 
for  his  work  in  anaphylaxis     He  has  invented  an  air  filter  to 
purify  the  air  in  rooms,  and  act  as  a  preventive  of  the  spread 
of  scarlet  fever,  tuberculosis  and  other  diseases.     It  is  a  ven- 
tilator   worked    by    electricity,    which    displaces    200    cu.m.    of 
air  an  hour.     The  apparatus  in  which  the  fans  revolve  is  cov- 
ered   on    the    inside    with    glycerine,    on    which    all    the    germs, 
spores  and  such  matter  in  the  air  are  deposited  and  eliminated  > 
from  the  air  of  the  room. 
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Failure  of  Piston-Rod  Riveting 

It  is  quite  probable  that  failure  of  poor  rivoting  of  the 
snds  of  piston  rods  over  eugiue  pistons  has  been  the  prime 
[aiise  of  many  mysterious  eugiue  wrecks.  A  case  of  fail- 
ire  of  piston-rod  riveting  was  recently  brought  to  our  at- 
lention  which  on  analysis  is  easily  miderstood  to  have 
fesulted  from  carelessness  or  ignorance  in  design  and 
'TOrkmanship.  The  quick  perception  of  the  engineer  that 
;oim'thing  unusual  had  taken  jilace  in  the  right-hand 
•yliinler  of  a  double  Corliss  engine,  his  presence  within 
eacli  uf  the  throttle  and  quick  action  in  shutting  down 


Failuke  and  Eepaib  of  Piston-Eod  Riveting 

[andoubtedly  averted  a  smash  which  would  probably  have 
i|one  down  into  the  history  of  the  plant  as  mysterious  or 
peen  attributed  to  negligence  of  the  operating  engineer. 
[  The  failure  of  piston-rod  riveting  occurred  in  the  left- 
iiand  cylinder  of  the  double  16x36-in.  noneondensing 
porliss  engine  at  the  Ward  St.  (Paterson,  N.  J.)  mills 
jf  the  Silk  City  Real  Estate  Co.  The  engine  had  been 
f'unning  80  r.p.m.,  supplied  with  steam  at  80  lb.  boiler 
iressure  and  with  usual  day  load  cut  off  at  about  one- 
liird  stroke,  the  side  of  the  engine  which  was  crippled 
laxiiig  carried  the  same  load  55  hr.  per  week  from  the 
laics  of  its  installation,  which  was  about  a  year  and  a 
lalf  ]irior  to  the  piston-rod  failure. 

Ten  minutes  after  starting  for  the  afternoon  run  the 
'engineer  noticed  that  a  slamming  noise  had  set  up  against 
;:he  head  of  the  left-hand  cylinder,  which  ceased  as  he 
blosed  the  throttle  and  then  as  the  engine  was  brought 
j;o  rest  there  was  heavy  pounding  at  the  end  of  every  out 
jiti'oke  of  the  piston.  Upon  removing  the  cylinder  head  it 
was  discovered  that  the  heads  of  the  piston  follower  cap- 
l^erews  had  been  striking  the  cylinder  head  and  that  the 
oiston  follower  A  was  broken  in  six  pieces,  as  shown  in 
:he  end  view  of  the  piston. 

Fpon  removal  of  the  follower  plate  it  was  seen  that  the 
flange  riveted  over  the  end  of  the  piston  rod  had  been 
Irawn  into  a  cupped  form,  as  indicated  by  the  dotted  line' 


BB,  and  upon  removing  the  piston  and  rod  from  the  cyl- 
inder it  was  discovered  that  the  only  remaining  hold  of 
the  piston  rod  on  the  piston  was  by  contact  of  the  drawn- 
over  flange  and  rounded  countersinking  of  the  piston,  as 
shown  at  C. 

From  the  amount  of  withdrawal  of  the  rod  out  of  the 
piston,  as  shown  by  the  distance  the  shoulder  D  had  left 
the  piston,  and  the  form  of  cupped  end  of  piston  rod,  it 
was  found  that  the  riveting  over  must  have  been  in  the 
form  CEF,  leaving  a  triangular  flange  of  little  more  than 
Vs^Vs  ill-  to  resist  stresses  of  shearing  and  drawing  which 
for  a  16-in.  diameter  piston  and  80-lb.  square-inch  pres- 
sure of  steam,  without  allowance  for  friction  of  the  pis- 
ton rod  in  the  tapering  bore  of  the  piston,  would  amount 
to  about  16,000  lb.  The  engineer  is  positive  that  the 
break  and  failure  of  the  riveting  was  not  caused  by  the 
presence  of  water  in  the  cylinder  as  the  water  level  of  the 
boilers  was  low,  water  had  never  been  known  to  be  car- 
ried over,  and  there  was  no  pounding  or  other  indication 
of  water  in  the  other  cylinder  of  the  engine. 

Repairs  were  made  by  e.xtending  the  taper  about 
i\  in.  further  back  on  the  rod  and  turning  about  the 
same  amount  off  the  hub  of  the  piston  at  E  and  counter- 
sinking the  hub  about  tsx^'j  in.,  as  shown  at  J.  After 
trimming  off  the  end  of  the  rod  the  piston  was  forced 
on  the  rod  up  to  the  new  .shoulder,  requiring  a  pressui-c 
of  2514  tons  and  then  a  head  of  the  form  shown  at 
G  was  riveted  on,  affording  about  twice  the  previous  shear- 
ing strength,  and  being  double  the  thickness,  should  af- 
ford at  least  four  times  the  resistance  which  the  original 
riveting  offered  against  being  drawn  over.  After  sup- 
plying a  new  follower  plate  and  replacing  the  piston  and 
rod  the  engine  worked  satisfactorily. 

Ogden  (Utah)  Power  Plant  Wrecked 

On  Oct.  26  an  opened  valve  on  the  penstock  supplying- 
water  under  450-ft.  head  to  turbines  being  installed  in"  th.- 
12,000-hp.  station  of  the  Utah  Light  &  Ry.  Co..  Ogden,  Utah, 
wrecked  the  plant,  depriving  that  town  of  lighting  and  stop- 
ping the  street-railway  service  for  a  short  time.  The  loaded 
machinery  was  burned  out.  th-^  plant  flooded  and  part  of 
the    brick    curtain    walls    carried    away. 

The  42-in.  valve  on  the  main  intake  pipe  had  a  broken 
bronze  ring  which  blocked  the  valve  and  only  closed  it  one- 
half.  The  motor  operating  the  valve  was  cut  oft.  The  steel 
work  and  the  foundations  of  the  station  are  not  damaged. 
The  extent  of  the  loss  has  not  as  yet  been  determined. 


Conservation  Congress  at  Washington 

The  fifth  National  Conservation  Congress  will  be  held  at 
Washington.  D.  C,  Nov.  18,  19  and  20.  It  is  intimated  that 
in  the  next  few  months  the  fight  for  the  protection  of  the 
country's  forests  and  waterways  will  command  the  attention 
of  the  nation  and  that  the  question  of  state  rights  is  to  play 
an  important  part  in  the  coming  combat.  The  officials  of  the 
Conservation  Congress  are  concerned  over  activities  .  in  the 
West  in  the  interest  of  state  ownership  and  control  of  the 
national  forests  and  waterways.  So  great  is  the  clamor  in 
some  circles  that  it  is  understood  that  the  conservation  in- 
terests realize  the  importance  of  definite  steps  to  prevent 
the  states  from  wresting  the  control  of  these  resources  from 
the   Federal   Government. 


Gasoline  FreiKht  Kni^ne — The  Minneapolis  Northern  R.R. 
has  a  new  gasoline  freight  and  switching  engine.  It  has  a 
capacity  of  pulling  20  cars.  Also  a  200-hp.  six-cylinder,  air- 
starting  and  reversible  gasoline  engine,  modified  to  adapt  it 
to  heavy  freight  service.  The  engine  is  water-cooled  by  two 
radiators,  located  on  the  cab  roof,  and  a  gear  pump.  One 
operator  handles  the  engine  and  does  it  with  ease. — "The  Gas 
Engine." 
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Manhattan    and  Bronx,  N.  A.  S.  E., 
Annual  Reception 

At  Terrace  Garden,  New  York  Citj',  on  the  evening:  of  Nov. 
1.  the  twelfth  annual  entertainment  and  reception  of  the 
Combined  Associations  of  Manhattan  and  the  Bronx,  N.  A. 
S.  E.,  was  held.  The  attendance  was  very  large  and  the 
whole   affair   most    successful. 


"The  city  would  be  in  a  much  w^orse  situation  if  it  at 
tempted  to  compel  a  reduction  of  rates  as  it  was  in  the  caa 
of  the  Cataract  Power  &  Conduit  Co.  In  that  case,  a  cort 
tract  of  a  similar  nature  had  been  capitalized  for  a  large  sun 
of  money,  and  although  it  was  less  than  the  amount  of  capt 
talization  now  sought,  the  capitalization  had  never  been  ap 
proved  by  the  public-service  commission,  and  the  commissioi 
was  in  a  position,  as  it  did,  without  embarrassment  to  itsel: 
to  disregard  the  capitalization. 


Members  and  Guests  at  the  Combined  Associations  Eeception 


Among  the  visiting  national  officers  were  President  James 
R.  Coe,  Secretary  Fred  'tt'.  Raven,  Treasurer  Samuel  B.  Forse. 
Conductor  John  L.  Reddy,  Past  Presidents  Joseph  F.  Carney 
and  William  J.  Reynolds,  Trustees  William  '^'.  McLean  and 
George  W.  Brownhill  and  James  D.  Taylor,  secretary  of  the 
life  and  accident  department.  The  general  committee  were 
Lorenzo  S.  Everson,  James  D.  Taylor,  William  M.  Logan 
and   Frederick  Feldermon. 

An  entertaining  vaudeville  was  given  by  Morgan  and  Mor- 
gan, comedy  acrobats;  Murray,  Russell  and  Dunn,  rapid-fire 
entertainers;  Allen  and  Dalton,  musical  comedians;  Braddock 
and  Braddock,  in  a  comedy  sketch;  George  Andrews,  comedian; 
Francesca  Redding  and  Co.,  in  a  popular  vaudeville  offering; 
Clark   and  Watson,    eccentric  jugglers. 

The  combined  associations  of  Manhattan  and  the  Bronx 
are  Brotherhood  No.  1,  Protective  No.  23,  Manhattan  No.  25, 
Empire  No.  32,  Mott  Haven  No.  47,  James  Watt  No.  7, 
Phoenix  No.  24,  German-American  No.  29,  Stevenson  No.  44. 
Insurance  No.   56. 

Opposition  to  Buffalo  Power  Company 

On  Oct.  26  the  Buffalo  aldermen  authorized  Corporation 
Counsel  Hammond  to  oppose  the  application  of  the  Canadian- 
American  Power  Corporation  to  issue  $2,999,500  of  its  stocli 
to  pay  for  a  contract  for  the  delivery  of  pow'er  at  $12.50  a 
horsepower.  The  matter  is  now  before  the  public-service 
commission. 

Mr.  Hammond  says  that  the  company  proposes  to  build  a 
transmission  line  from  Niagara  Falls  to  Buffalo  city  line.  It 
appears  that  the  proposed  corporation  does  not  now  intend  to 
distribute  electrical  energy  in  Buffalo,  but,  notwithstanding 
its  plans  should  be  carefully  scrutinized,  Mr.  Hammond  says 
that  there  is  no  justification  for  the  capitalization  of  the 
contract  at  nearly  $3,000,000,  as  the  public-service  commission 
in  the  case  of  the  Cataract,  Power  &  Conduit  Co.  refused  to 
capitalize   a   contract    of    the    latter   corporation. 

"The  applicant  company,"  says  Mr.  Hammond,  "proposes 
to  issue  $2,999,500  of  its  common  stock  in  payment  for  the 
contract  which  requires  the  Electrical  Development  Co.,  of 
Ontario,  and  the  Toronto  Power  Co.  to  deliver  at  the  interna- 
tional boundary  46,000  hp.  of  electrical  energy  for  30  years 
at  $12.50  a  horsepower.  In  other  words,  the  company  asks 
the  public-service  commission  to  approve  of  the  issue  of 
nearly  $3,000,000  worth  of  stock  to  pay  for  a  contract  for  the 
delivery  of  power  at  $12.50  a  horsepower — a  price  which  is 
higher  than  that  now  being  charged  for  similar  power  in  the 
same  locality. 

"If  the  commission  should  approve  of  this  stock  issue,  it  is 
apparent  that  when  a  question  of  rates  to  be  charged  for 
power  comes  before  the  commission  for  determination  it  will 
be  difficult  for  the  commission  to  refuse  to  consider  that  con- 
tract as  having  a  value  equivalent  to  the  par  value  of  the 
stock   issued  for  it. 


"While  I  think  no  one  would  dispute  the  assertion  that  thi 
bringing  of  additional  power  to  Buffalo  "W'ould  be  desirable, 
think  it  is  equally  plain  that  the  public  interest  require; 
that  a  company  which  may  ultimately  bring  power  to  the  cit; 
should  not  be  allowed  to  issue  the  amount  of  securities  largel; 
in   excess   of   the   value   of   its   tangible   properties." 


SOCIETY     NOTES 


The  fall  meeting  of  the  New  Haven  Section  of  the  Ameri 
can  Society  of  Mechanical  Engineers  will  be  held  on  Friday 
Nov.  21,  at  the  Mason  Laboratory,  Sheffield  Scientific  SchoO' 
The  interesting  program  of  papers  includes  "Experiments  wit- 
Residence  Heating  Boilers  at  the  Mason  Laboratory,"  by  D.I 
Prentice,  of  Sheffield  Scientific  School.  The  school's  electrics: 
laboratory  has  been  completed  and  an  opportunity  ■^\-ill  b= 
given  during  the  intermission  to  inspect  the  building  and  i1' 
equipment. 

The  New  York  Engineers'  Protective  Society,  the  oldei; 
engineers'  association  in  New  Tork  City,  held  its  45th  ar 
nual  entertainment  and  reception  on  Monday  evening,  Nov. 
at  the  Lexington  Opera  Assembly  Rooms,  which  wei-e  tasti 
fully  decorated  for  the  event.  A  pleasing  vaudeville  ente;, 
tainment  preceded  a  long  dancing  program.  The  committi 
of  arrangements  w'ere:  Andrew  Olsen,  chairman;  Willia 
Boeringer,    secretary;    Charles    Knudsen,    treasurer. 

The  Ladies'  Auxiliary,  connected  ■^\'ith  the  N.  A.  S. 
Brooklyn,  N.  T.,  held  its  annual  euchre  and  beefsteak  supp 
on  Nov.  4  at  the  rooms  of  the  Modern  Science  Club,  --^t  3  p.: 
the  games  were  started,  for  which  prizes  were  awarded 
the  evening  a  generous  supply  of  eatables  was  furnish' 
and  between  the  courses  the  election  returns  were  read  I 
P.  O.  P.  Smith.  There  was  a  good  entertainment,  whi 
concluded   "with   dancing. 


PERSONALS 


Timothy    Healy,    international    president    of    the    Eccent.: 
Firemen,    was    elected    a    coroner    for    Greater    New    Tork 
the  Fusion  ticket.     Mr.  Healy  ran  ahead  by  some  thousands' 
votes   over   four   other   elected   coroners. 

John  Beattie,  formerly  at  the  Long  Island  plant  of  II 
Pennsylvania  R.R..  has  been  appointed  chief  engineer  of  1i 
Gould  St.  power  station  of  the  Consolidated  Gas,  Electric  Liil 
&   Power  Co.,   Baltimore,   Md. 
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BOOKS     RECEIVED 


HYDRAULIC  TURBINES.  By  R.  L.  Daugherty.  McGraw-Hill 
Book  Co.,  New  York.  Cloth;  156  pages,  6x9^  in.;  96 
illustrations.      Price,   $2. 

ELECTRIC  AND  MAGNETIC  CALCULATIONS.  By  A.  A. 
Atkinson.  D.  Van  Nostrand  Co.,  New  York.  Fourth  edi- 
tion; cloth;  310  pages,  4%x7^  in.;  45  illustrations;  tables. 
Price,    $1.50. 

JVORKING  DRAWINGS  OF  MACHINERY.  By  "W.  H.  James 
and  M.  C.  Mackenzie.  John  Wiley  &  Sons,  Inc.,  New  York. 
Cloth;  143  pag-es,  5%x9  in.;  175  illustrations;  plates;  ap- 
pendix illustrated  and   tabulated.      Price,   $2. 

IBAT    ENGINES.      By   "n^illiam    Ripper.      Longmans,    Green    & 

*  Co.,  New  York.  Cloth;  352  pages.  4y4x7y2  in.;  214  illus- 
trations;   appendix.      Price,    $1.10. 

STORKING  OF  STEAM  BOILERS.  By  Edw.  G.  Hiller.  Taylor, 
Garnett,  Evans  &  Co.,  Manchester,  England.  Fifth  edition; 
paper  and  cloth  binding;  147  pages,  514x8%  in.;  85  illus- 
trations.     Price,    1/6.      Bound    full   cloth,    2/-. 

aEAT  By  J.  A.  Randall.  John  Wiley  &  Sons,  New  York. 
Cloth;  331  pages,  5x7y2  in.;  80  illustrations;  tables.  Price, 
$1.50. 

PRINCIPLES   OF   INDUSTRIAL  ORGANIZATION.      By  Dexter 

•  S  Kimball.  McGraw-Hill  Book  Co..  New  York.  Cloth; 
272   pages,    6x9%    in.;    illustrated;    tables.      Price,    $2.50. 

TURBINES   APPLIED   TO   MARINE   PROPULSION.      By    Stan- 

•^       ley  J.  Reed.     D.  Van  Nostrand  Co.,  New  York.     Cloth:   174 

pages,    7y.xll    in.;    113    illustrations;    plates.      Price,    $5. 


eters,  their  consti-uction  and  use.  The  subjects  of  fuels,  chem- 
istry of  combustion  and  flue-gas  analysis  have  received  good 
practical  treatment,  and  the  chapter  on  firing  and  the  opera- 
tion of  leading  types  of  stokers  and  chain  grates  and  that  on 
smokeless  combustion  of  coal  present  those  subjects  in  a. 
manner  to  be  appreciated  by  firemen,  engineers,  proprietors 
or   others   interested  in   the  problem   of  smoke   prevention. 

A  chapter  on  boiler  settings  contains  simple  explanations 
of  Dutch  ovens  and  details  of  return-tubular  and  water-tube 
boiler  settings,  known  only  by  hearsay  to  many  firemen  and 
operating  engineers  whose  experience  has  been  limited  to 
their  own  plants.  The  leading  essentials  of  piping  and 
boiler  fittings,  including  a  table  of  dimensions,  weight  and 
pitch  of  screw  threads  of  pipe  and  fittings  are  given  in  a 
separate  chapter,  while  another  is  devoted  to  clear  descrip- 
tion and  explanation  of  boiler  accessories  such  as  dry  pipes, 
leading  types  of  superheaters,  damper  regulators,  feed  pumps, 
injectors,  etc.  Chapter  XVI  is  devoted  to  chimneys,  draft  and 
economizers  and  three  succeeding  chapters  are  devoted  to 
boiler-feed  waters,  feed-water  heaters  and  the  inspection  and 
care  of  boilers. 

The  last  chapter  describes  how  to  conduct  evaporative 
tests  and  by  an  example  shows  the  method  of  calculating  the 
results,  with  sample  log  sheets  for  data  of  coal,  water,  draft, 
quality  of  steam  and  flue  gas.  Tlie  vi^ork  is  printed  on  good 
paper  with  text  printed  in  large,  readable  type  with  sub- 
jects in  side  headings  printed  in  heavy-faced  type.  The  gen- 
eral illustrations  consist  of  well  prepared  halftones  and  the 
details  illustrated  are  reproduced  to  a  good,  readable  scale. 


NEW     PUBLICATIONS 


FOREIGN  WEIGHTS,  MEASURES  AND  MONEYS.  By  John 
J.  Macfarlane.  Published  by  the  Foreign  Trade  Bureau 
of  the  Philadelphia  Commercial  Museum.  Philadelphia, 
Penn.  Paper,  6x9  in.;  62  pages,  tables. 
One  of  the  first  difficulties  which  confronts  the  United 
States  merchant  or  manufacturer  entering  into  trade  with 
toreL^n  countries  is  the  diversity  of  the  weights  and  meas- 
ures used  by  them.  The  present  pamphlet  was  written  for 
the  information  of  the  manufactui'er  as  an  ''id  in  establish- 
ing closer  commercial  relations  with  foreign  countries.  It 
describes  the  metric  system  and  contains  a  very  complete  set 
of  comparative  tables,  including,  a  list  of  the  various  money 
■ienominations,  weights  and  measures  used  in  all  foreign 
countries  with  the  United  States  equivalents  and  also  prices 
iin  foreign  moneys  per  foreign  weights  or  measures  in  com- 
Iparison  with  our  own  prices  per  pound,  yard,  gallon  or 
jbushel.  The  comparisons  in  prices  are  made  from  foreign  to 
lUnited  States  and  vice  versa,  and  in  the  final  chapter  the 
(Usual  foreign  currency  signs  and  abbreviations  are  giveiii 
iTo  those  with  foreign  interests  the  pamphlet  should  prove 
jDf   the   greatest  value. 

isTEAM  BOILERS.  By  B.  M.  Shealy,  Assistant  Professor  of 
I  Steam  Engineering,  University  of  Wisconsin.  Published 
[        by   McGraw-Hill   Book   Co.,    New   York.      Cloth;    356   pages; 

6x9  in.;  185  illustrations.  Price,  $2.50. 
Ij  This  work  was  written  primarily  for  correspondence  stu- 
llents,  and  is  intended  for  the  use  of  firemen  and  others  who 
•nay  be  in  charge  of  boiler  rooms.  The  title.  "Steam  Boilers 
md  Their  Practical  Operation,"  would  have  been  better  sug- 
.?estive  of  the  subject  matter,  as  the  operation  of  boilers 
leather  than  their  design  is  treated  in  considerable  detail. 
(Descriptive  matter  relating  to  boilei's  and  boiler-room  equip- 
|.-nent  is  included  for  information  of  flremen  and  others  who 
j.Tiay  be  familiar  with  only  the  particular  equipment  which 
bhey  may  be  using.  A  single  chapter  of  19  pages  is  devoted 
;o  types  of  flue  and  fire-tube  boilers,  and  another  of  the  same 
Length  illustrates  and  describes  ten  of  the  more  important 
'orms  of  water-tube  boilers,  the  descriptive  matter  being 
Jnly  general  without  referring  very  extensively  to  details  of 
|,nechanical  construction.  The  chapter  on  water-tube  boilers 
':loses  with  a  section  which  briefly  though  concisely  states 
jthe  advantages  and  disadvantages  of  the  flue,  the  fire-tube 
md  the  water-tube  types  of  boilers.  Chapter  III  on  boiler 
■alculation  treats  of  horsepower  referred  to  measurements  of 
toilers;  methods  of  measuring  corrugated  flues;  strength 
3f  shells  and  of  furnace  flues;  method  of  measuring  heating 
surfaces;  and  general  description  of  rivets  and  riveting,  stays 
ind  staying. 

The  chapters  on  heat  and  work  and  on  properties  of  steam 
:omprise  definitions  of  terms  expressed  in  good  language 
]ind  clearly  illustrated  for  easy  comprehension  of  the  prac- 
i;ical  mind.  A  chapter  devoted  to  "Actual  and  Equivalent 
Evaporation"  describes  methods  of  determining  the  percent- 
ige  of  moisture  in  steam,   separating  and  throttling  calorim- 


MECHANICAL  AND  REFRIGERATING  ENGINEERS'  HANDY- 
BOOK.  By  Otto  Luhr.  Published  by  Wahl-Henius  Insti- 
tute, Chicago,  1913.  Cloth,  6^x914  in.;  900  pages;  312 
illustrations;    109    tables;    indexed.      Price,    $5. 

In  its  900  pages  the  book  contains  a  wealth  of  information 
on  practically  every  subject  in  which  a  refrigerating  or  me- 
chanical engineer  would  be  professionally  interested.  Natur- 
ally some  of  the  subjects  are  treated  briefly,  but  the  mate- 
rial is  right  to  the  point  and  thoroughly  uptodate.  The 
book  is  admirably  adapted  for  the  practical  man,  and  although 
it  contains  numerous  formulas,  these  are  made  as  simple  as 
possible,  and  their  application  is  thoroughly  explained  by  the 
use  of  practical  examples,  worlied  out  step  by  step,  which 
follow  in  each  case.  The  part  of  the  book  dealing  with  re- 
frigeration contains  over  200  pages,  and  as  a  whole  is  the 
best  treatment  on  this  subject  that  "we  have  seen  in  print. 
The  fact  that  some  of  the  most  recent  apparatus  brought  out 
in  this  field  are  described  in  its  pages,  and  that  it  contains 
one  of  the  latest  tables  giving  the  properties  of  ammonia 
will  indicate  that  it  is  right  up  to  the  minute.  The  refrigerat- 
ing engineer  in  practice  must  in  most  cases  know  something 
about  steam  and  electrical  machinery,  the  transmission  of 
power,  gas  engines,  air  compressors,  and  perhaps  heating  and 
ventilation.  He  will  find  it  all  in  this  book  and  presented  in 
a  form   that   he   will   understand. 

The  first  chapters  of  the  book  devote  69  pages  to  physics. 
26  pages  to  electricity  and  magnetism,  41  pages  to  chemistry 
and  38  pages  to  combustion.  Steam  boilers  and  accessories 
and  calculations  relating  to  them  are  given  74  pages  and  59 
more  talie  up  the  properties  of  steam,  steam  appliances  and 
the  treatment  of  boiler  water.  Steam  engines  are  covered 
in  49  pages.  Sixteen  pages  are  given  to  the  steam-engine 
Indicator,  14  to  the  steam  turbine,  IS  to  the  internal-com- 
bustion engine,  36  to  the  transmission  of  power,  22  to  pumps 
and   9   to   air   compressors. 

As  previously  mentioned  the  section  on  refrigeration  is 
particularly  good  and  somewhat  more  elaborate.  Pliysical 
laws  bearing  on  refrigeration,  refrigerating  systems,  ma- 
chines and  apparatus  belonging  to  the  compression  and  ab- 
sorption systems,  the  brine  system,  insulation,  liquid-air 
machines  and  applications  of  refrigeration  are  all  covered  In 
a  satisfactory  manner. 

Following  is  a  chapter  of  42  pages  on  electrical  engineer- 
ing, discussing  briefiy  the  principles,  testing  and  operation 
of  generators  and  motors  and  giving  some  space  to  converters, 
transformers,  incandescent  and  arc  lighting,  storage  batteries, 
and  electrical  calculations.  Sixteen  pages  are  allotted  to 
heating  and  ventilation.  Only  a  few  paragraphs  relate  to 
hot-water  heating  and  these  to  the  gravity  system.  Short 
chapters  on  pipes  and  pipe  fittings,  friction  and  lubricants, 
mensuration,  weights  and  measures  and  mathematical  tables 
complete  the   book. 

As  will  be  seen  some  of  the  chapters  are  brief  and  for  a 
more  extended  treatment  it  will  be  necessary  to  refer  to  some 
other  book  dealing  only  with  the  subject  in  hand.  As  a  prac- 
tical reference,  however,  giving  methods  of  calculation  and 
a  concise  summary,  the  book  is  good  and  can  be  heartily 
recommended  to  the  practical  man,  especially  the  refrigerating 
engineer. 
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TURBINES  APPLIED  TO  MARINE  PROPULSION.  Sy  Stan- 
lev  J.  Reed.  Published  bv  D.  Van  Nostrand  Co.,  New 
York,  1913.  Cloth.  7%xl0?i  in.;  174  pages,  113  illustra- 
tions. Price,  $5,  net. 
A  thoroughly  good  book  admirably  coverins  the  subject 
should  be  the  general  verdict  of  readers.  The  contents  con- 
sist largely  of  a  special  course  of  lectures  given  by  the  author 
at  the  Naval  Architecture  Department  of  Glasgow  University. 
The  book  is  noteworthy  for  its  fine  illustrations,  both  half- 
tone and  line.  Contrary  to  a  practice  often  prevalent  in  books, 
the  value  of  the  illustrations  is  not  diminished  by  over- 
reduction. Many  of  the  halftones  are  full  page,  and  the  line 
drawings  of  the  turbines  are  on  three-  and  four-fold  inserts. 
Thermodynamics  and  mathematics  are,  of  course,  necessary 
in  a  work  of  this  character,  but  are  entered  into  sparingly 
as  the  book  is  primarily  Intended  for  practical  use.  The  first 
eight  chapters,  occupying  100  pages  of  the  book,  take  up  the 
general  properties  of  steam,  turbine  types,  the  general  design 
and  construction  of  the  leading  turbines,  their  steam  con- 
sumption, thrust  and  how  balanced,  and  nozzles.  Superheated 
steam  and  types  of  superheater  are  then  discussed  briefly 
and  the  following  chapter  takes  up  cavitation,  propeller  speed 
and  mechanical,  hydraulic  and  electrical  reduction  gearing. 
Other  subjects  treated  are  effects  of  high  vacua,  condensers 
and  air  pumps  and  the  utilization  of  engine  exhaust  in  tur- 
bines and  feed  heaters.  Detail  of  design  has  been  eliminated 
except  in  the  last  chapter,  which  takes  up  a  few  special  points 
on  cylinders,  rotors,  bearings,  thrust  blocks,  diaphragms, 
glands,  steam  pipes  and  turbine  drains.  Balancing  rotors, 
measuring  steam  consumption,  jointing  cylinders,  etc.,  are  also 
given  brief  space  in  the  chapter. 

Able  assistance  by  such  authorities  as  Herr  Zoell.v,  Pro- 
fessor Rateau  and  the  A.  E.  G.  Co.  to  an  author  thoroughly 
posted  on  his  subject  and  knowing  how  to  diffuse  his  knowl- 
edge has  resulted  in  a  well  balanced  book,  which  should  prove 
a  valuable  addition  to  the  literature   on   the  subject. 


Coal  in  Ancient  Lake  Beds 

The  presence  of  coal  in  the  Tertiary  Lake  beds  of  cer- 
tain valleys  in  western  Montana  has  been  known  locally 
for  many  years.  Some  localities  have  even  experienced 
brief  coal  "booms,"  most  of  which,  however,  died  before 
the  coal  was  developed.  Systematic  mining  of  the  coal 
is  now  being  carried  on  near  Missoula. 

Coal  of  the  type  found  in  this  region  has  until  recently 
been  thought  worthless,  because  only  coal  that  would  cok^ 
or  stand  shipment  without  slacking  was  considered  of 
commercial  value.  In  this  part  of  the  West,  where  high- 
grade  coal  is  scarce,  where  the  cost  of  wood  has  reached 
$6  or  more  a  cord,  and  soft  coal,  imported  for  domestic 
use,  about  $8  a  ton,  the  demand  for  cheaper  fuel  is  great 
and  the  development  of  these  heretofore  unused  low- 
grade  coals  is  becoming  profitable. 

That  these  low-grade  coals  may  furnish  gas  of  good 
quality  at  a  moderate  cost  and  briquettes  suitable  for 
domestic  fuel  is  suggested  by  the  results  of  e.xperiments 
with  coal  of  a  similar  tyjie  recently  carried  on  at  the 
University  of  Xorth  Dakota  by  E.  J.  Babcock.  On  this 
account  an  investigation  of  the  coal  resources  of  parts 
of  Missoula,  Eavalli,  Granite,  Powell,  Deer  Lodge  and 
Silver  Bow  counties,  in  western  Montana,  has  been  made 
by  the  United  States  Geological  Survey  in  order  to  ob- 
tain data  for  the  classification  of  the  public  land  in  the 
area  and  to  supply  the  public  with  information  about 
the  coal. 

The  field  work  in  this  area  was  carried  on  by  J.  T. 
Pardee,  of  the  Survey,  and  the  results  of  his  investiga- 
tions have  just  been  published  as  Advance  Chapter  G 
^'rom  Bulletin  531,  entitled,  "Coal  in  the  Tertiary  Lake 
Bed?  of  Southwestern  Montana." 

Though  a  local  demand  for  cheap  domestic  fuel  will 
cau.se  some  further  development  of  these  Montana  coals, 
anything  like  a  rapid  future  development  of  them  will 
depend  on  an  increased  use  of  producer  gas  for  the  gen- 


eration of  power,  for  which  these  coals  seem  well  suited, 
or  the  introduction  of  briquetting  machinery  which  will 
convert  the  ea.sily  slacked  coal  into  briquettes  that  may 
be  shipped  and  stored  without  deterioration. 

Oil  and  Gas  in  Utah 

A  brief  report  on  the  oil  and  gas  development  near 
Green  Eiver,  in  Grand  County,  Utah,  has  just  been  is- 
sued by  the  United  States  Geological  Survey  as  a  result 
of  a  geologic  investigation  made  last  year  by  Charles  T. 
Luptou,  M.  W.  Ball  and  E.  V.  A.  Mills,  of  the  survey. 

An  area  of  about  300  square  miles  was  examined,  the 
object  being  to  determine  if  this  area,  in  which  con- 
siderable drilling  for  oil  and  gas  has  been  done,  contains 
any  reservoirs  of  these  materials.  In  the  area  examined 
in  detail  the  geologists  found  no  anticlines  or  domes  in 
which  large  quantities  of  oil  or  gas  might  be  expected  to 
collect.  Traces  of  oil  and  small  pockets  of  gas  have  been 
encountered  in  some  of  the  wells,  but  in  quantities  so 
small  as  to  afford  only  slight  encouragement. 

While  the  survey's  report  presents  no  very  favorable 
impression  of  the  field  as  an  oil  or  gas  producer,  such 
deposits  are  recognized  as  among  the  most  difficult  to 
locate  or  determine  exactly,  and  for  this  reason  several 
suggestions  are  offered  as  to  the  portions  of  the  field 
which  hold  out  the  greatest  promise  for  prospecting.  A 
copy  of  this  report,  which  is  advance  chapter  D  of  Bul- 
letin 541,  may  be  obtained  free  of  cost  upon  application 
to  the  Director  of  the  United  States  Geological  Survey, 
Washington,  D.  C. 

Operating  Enf^lneers,  industrial  concerns,  and  persons  in- 
terested in  the  distribution  and  character  of  the  different 
coals  will  find  valuable  information  in  Bulletin  22.  just  issued 
by  the  Bureau  of  Mines,  entitled,  "Analyses  of  Coals  in  the 
United  States,  with  Descriptions  of  Mine  and  Field  Samples 
Collected  between  July  1,  1904.  and  June  30.  1910."  It  con- 
tains the  analyses  of  5000  samples  taken  from  1500  mines  and) 
prospects  situated  in  the  various  coalfields  of  the  United 
States.  The  purpose  of  the  compilation  is  to  present  re-; 
liable  information  regarding  the  chemical  composition  and^ 
the  heat  value.  The  samples  were  collected  by  experl-i 
enced  men  and  were  analyzed  under  carefully  controlled 
conditions.  The  report  is  in  two  parts,  one  giving  the  meth- 
ods used  in  collecting  and  analyzing  the  samples,  and  the  re- 
sults of  the  analyses,  and  the  other,  the  exact  location  froir 
which  each  sample  was  taken,  together  with  a  description  0) 
the  characteristic  features  of  the  coal  bed  at  the  point  0! 
sampling,  the  nominal  capacity  of  the  mine,  and  useful  notes 
on  coal  preparation.  The  data  is  not  equaled  in  scope,  de- 
tail and  value  for  comparative  purposes  by  the  figures  o 
any  other  coal-producing  country  in  the  world.  Some  gov- 
ernments have  published  analyses  of  coals  from  differen 
mines  and  from  different  districts,  but,  with  few  e.Kceptions 
the  samples  were  not  collected  and  analyzed  under  a  uniforn 
system  that  would  make  the  results  comparable  in  all  re 
spects.  Copies  of  this  bulletin  may  be  obtained  by  addressini 
the  Director  of  the  Bureau  of  Mines,  Washington,  D.  C. 

The  Largest  Conveyor  Belts  in  the  world,  it  is  claimed,  ar 
being  built  by  the  Perdriau  Rubber  Co.,  Ltd.,  of  Sydnej 
N.  S.  V^^,  for  a  coal-Ioading  plant  at  Port  Kembla.  The  belt 
are  being  made  after  specifications  of  the  Public  Works  De 
partment:  each  is  approximately  1650  ft.  long  and  will  weig. 
12  tons,  being  made  up  of  seven-ply  rubber  and  cotton  i 
one  continuous  length,  without  joints,  36  in.  wide.  Whe 
rolled  each  belt  will  be  too  large  to  pass  through  the  rai! 
way  tunnels  on  the  way  to  the  port.  The  conveyor  will  carr 
coal   about   1600   ft.   at  a   rate   of  1000   tons   an    hour. 

One  of  the  features  of  the  most  particular  interest  coi 
nected  with  the  Lemp  Brewing  Co.'s  plant,  described  in  oi 
issue  of  Sept.  23,  was  the  boiler-feed  pump  equipment.  E 
an  oversight  it  was  neglected  in  that  article  to  say  that  tl 
modern  equipment  was  supplied  by  the  Alberger  Pump  &  Coi 
denser  Co. 
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Cleveland  Municipal  Electric  Plants 


By  a.  D.  Williams 


SYNOPSIS — The  city  of  Cleveland  now  owns  and  op- 
erates two  small  municipal  plants  hut  is  building  one,  of 
£2,500  kiv.  capacity.  Progress  on  this  was  retarded,  ■ 
however,  because  of  legal  entanglements  over  the  bond  is- 
sue. The  city  has  adopted  a  rate  schedule  giving  a  maxi- 
mum of  Sc.  and  a  minimum  of  Ic.  per  Icw.-lir. 

There  is  now  under  construction  in  Cleveland,  Ohio, 
a  22,500-kw.  municipal  lighting  plant,  which,  when  com- 
pleted will  be  the  largest  municipal  plant  in  this  country. 
In  addition  there  are  now  two  small  lighting  plants  op- 
erated by  the  city  which  came  under  its  control  when  the 
towns  that  built  them  were  annexed  to  Cleveland  in  1910. 
The  older  of  the.se  plants  is  located  in  Collinwood.  It 
was  built  in  1901  and  operated  in  connection  with  the 
water  department  of  that  town.  The  second  plant,  known 
as  the  Brooklyn  plant,  is  more  modern,  having  been  built 
in  1906  to  replace  an  older  plant  built  about  the  same 
time  as  the  Collinwood  plant. 

Another  municipal  activity  in  Cleveland  was  the  three- 
cent  traction  company  organized  by  former  mayor  Tom 
L.  Johnson  which  built  and  operated  a  number  of  lines 
and  which,  after  considerable  quarreling,  was  merged 
with  the  Cleveland  Eailway  Co.,  by  the  Taylor  grant, 
■which  extended  the  franchise  of  the  railway  company 
and  gave  a  universal  rate  of  fare  of  3c.  with  a  charge  of 
Ic.  for  a  transfer  which,  at  present,  is  refunded  by  the 
conductor  who  takes  up  the  transfer. 

About    three    years    ago    a   vigorous    campaign    was 


reduced  its  prices  for  street  lights  and  this  was  hailed  in 
some  quarters  as  one  of  the  favorable  results  of  being 
ready  to  fight  them  on  their  own  ground.  The  campaign 
was  rather  bitter  on  both  sides  and  after  election  it  was 
found  that  the  proposal  to  bond  the  city  for  $2,000,000 
to  be  used  for  the  construction  of  a  municipal  lighting 
plant  had  been  carried. 

As  soon  as  the  new  city  administration  under  Mayor 
Newton  D.  Baker  came  into  office  steps  were  taken  to 
start  work  on  the  new  plant.  F.  W.  Ballard  was  ap- 
pointed construction  engineer  and  A.  B.  DuPont  con- 
sulting engineer,  and  an  issue  of  $500,000  in  bonds  was 
authorized  for  starting  construction.     At  this  point  a  tax- 
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Fig.  1.   'M.w  of  Cleveland^  Showing  Location  of  Electric  Generating  Plants 


initiated  to  have  a  municipal  lighting  plant  large  enough 
to  supply  a  part  of  the  business  district  and  to  enable 
the  city  to  do  its  own  street  lighting.  One  of  the  argu- 
ments in  favor  of  the  new  plant  was  the  price  the  city 
was  paying  for  street  lights  as  compared  with  those 
charged  in  other  cities.  The  Cleveland  Electric  Illuminat- 
ing Co.  was  charged  with  working  in  opposition  to  the 
proposed  bond  issue,  one  of  the  local  papers  was  rabidly 
in  favor  of  the  bond  issue,  two  were  opposed  to  it  and  a 
fourth   was   unprejudiced.      The    illuminating    company 


payer's  suit  was  started,  praying  for  an  injunction  n 
straining  the  issue  of  the  bonds  and  attacking  the  legalil 
of  the  bond  issue  upon  technical  grounds,  alleging  thi 
all  the  requirements  of  the  state  laws  had  not  been  fu 
filled.  The  city  sinking-fund  commission  was  persuadf 
to  invest  its  funds  in  this  issue  with  the  expectation  i 
reselling  the  bonds  when  the  legal  entanglements  hf 
been  cleared  away. 

The  rates  of  the  Cleveland  Electric  Illuminating  C 
are. based  on  a  sliding  scale,  each  connection  being  rat* 
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at  a  certain  minimum  consiimption,  and  all  consumption 
above  that  minimum  being  charged  at  a  lower  rate. 
Eesidence  and  store  connections  have  a  maximum  rate  oi: 
10c.  per  kw.-hr.  and  a  minimum  rate  of  5c.  per  kw.-hr.. 


the  average  price  being  about  6c.  Power  connections  are 
rated  in  a  similar  manner,  the  prices  for  successive  quan- 
tities decreasing  to  a  minimum  in  the  neighborhood  of 
2c.  per  kw.-hr.  These  rates  are  lower  and  more  favor- 
able both  to  residence  and  large  quantity  consumers  than 
those  charged  in  most  large  cities.  The  municipal  plants 
have  been  selling  current  at  rates  slightly  lower  than  the 
illuminating  company  and  one  of  the  issues  which  as- 
sisted in  carrying  the  bond  issue  for  the  new  plant  was 
that  of  a  maximum  rate  of  3c.  per  unit  and  a  lower  rate 
with  a  sliding  scale  for  large  consumers.  In  March, 
1913,  at  a  time  when  the  lighting  department  expected 
to  have  the  new  plant  in  operation  in  the  fall,  a  rate  chart 
was  published.  Fig.  9,  according  to  which  the  rate  per 
unit  varied  from  3c.  to  Ic.  and  at  this  time  several  con- 
tracts were  made  with  manufacturing  concerns  for  a 
term  of  five  years  on  this  basis.  These  rates  went  into 
effect  immediately  for  those  customers  taking  an  aver- 
age service  of  at  least  50  kw. 

To  illustrate  the  use  of  the  chart,  assume  the  customer 
has  a  200-kw.  service  connection  and  he  uses  20,000 
kw.-hr.  in  any  one  month,  his  rate  will  be  based  upon 


Fig.  3.    CoI,LI^'■woou  Plant.    Peg.  4.    Steelwork  of  N^ew  Plant.   Fig.  5.   Brooklyn  Plant.   Pig.  6.   Gen- 
erators IN  Collinwood  Plant.  Fig.  7.   Sprat  Pond  at  Brooklyn  Plant.   Fig.  8.   Switchboard  in 
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an  average  use  of  his  full  coiiuected  capacity  for  100  hr. 
and  his  rate  will  therefore  be  for  that  month  1.6c.  If, 
however,  he  uses  50,000  kw.-hr.  in  one  month  his  rate 
will  be  based  upon  an  average  use  of  his  full  connected 
capacity  for  350  hr.  and  his  rate  will  accordingly  he  Ic. 
This  is  found  on  the  chart  by  taking  the  intersection  of  the 
horizontal  line  from  the  200-kw.  service  connection  with 
the  vertical  line  representing  the  average  hours  used  and 
from  this  intersection  following  the  diagonal  line  upward 
to  the  right-hand  side  of  the  chart.  Where  this  diagonal 
crosses  the  edge  of  the  chart  will  be  found  the  figures 
which  represent  the  rate  to  be  paid.  If  the  number  repre- 
senting the  average  hours  used  is  found  at  the  bottom  of 
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Fig.  9.   Rate  Chart 

the  chart,  then  the  diagonal  must  be  followed  downward 
instead  of  upward  to  find  the  rate. 

The  chart  as  shown  represents  the  rate  schedule  for  a 
five-year  contract.  For  a  one-year  contract  use  the  chart 
in  the  same  way,  except  that  10  per  cent,  must  be  added 
to  the  rates. 

A  minimum  guarantee  will  be  required  in  all  contracts 
of  75c.  per  mouth  for  each  kilowatt  capacity  of  the  ser- 
vice connection,  but  this  is  not  to  be  added  to  the  bill,  it 
is  only  a  guarantee  that  the  monthly  consumption  shall 
equal  this  amount,  and  no  bill  for  light  or  power  will  be 
less  than  75c.  per  month. 

One  of  the  ])roblems  before  the  lighting  department 
has  been  the  limited  capacity  of  the  C'ollinwood  ])laiit  and 
that  at  Brooklyn,  both  of  these  plants  serving  outlying 
districts.  The  Collinwood  plant  is  loaded  to  its  full  capac- 
ity and  the  machinery  is  antiquated  and  not  in  first- 
class  condition.     The  capacity  of  this  plant  is  about  550 


kw.  The  Brooklyn  plant  contains  one  500-  and  one  1000- 
kw.  Westinghouse-Parson  turliines  and  serves  a  growing 
neighborhood  so  that  an  iiicrea.'je  in  capacity  would  soon 
become  necessary. 

A  short  time  after  the  partial  bond  issue  became  avail- 
able it  was  decided  to  install  a  1500-kw.  turbine  unit 
in  the  Division  St.  pumping  station  of  the  Water  De- 
partment, where  there  was  surplus  boiler  cajjacity  suf- 
ficient to  operate  it.  This  makes  the  present  total  mu- 
nicipal plant  generating  capacity  3550  kw. ;  the  new 
jdaut,  now  under  construction  will  add  23,500  kw. 

As  to  when  the  new  plant  will  be  finished  and  in  op- 
eration, is  questionable.  A  second  bond  issue  of  $500,000 
was  authorized  a  few  months  ago  by  the  council,  but, 
owing  to  the  unsettled  question  as  to  the  legality  of  thu 
entire  issue,  the  bond  dealers  refused  to  bid  for  it  and 
through  an  employee  of  one  of  the  local  bond  dealers  a 
taxpayer's  suit  was  again  started  and  the  sale  of  the  i.s- 
sue  enjoined  temporarily.  The  Ohio  Court  of  A])pealt 
has  just  rendered  a  decision,  however,  upholding  the 
validity  of  the  bond  issue  and  placed  the  cost  of  the  suit 
on  the  plaintiff.  The  steel  frame  for  the  new  plant  is 
practically  completed  and  ready  for  the  construction  ol 
the  walls  and  roof,  as  may  be  seen  by  reference  to  the 
view  given  in  Fig.  4. 

One  of  the  very  interesting  (pu'stions  to  be  settled  when 
the  new  plant  begins  operation  will  be  the  practicabilit) 
of  the  rates  at  which  it  has  been  decided  to  sell  energy 
These  rates,  as  given  in  the  chart.  Fig.  9,  now  apply  t( 
consumers  with  an  average  demand  of  50  kw.,  but  wil 
be  extended  to  cover  all  other  connections  upon  the  com 
pletiou  of  the  new  plant.  These  rates  will  be  consider- 
ably below  those  offered  by  the  illuminating  company 
which  has  an  extremely  modern  and  economical  generat 
ing  plant  with  a  capacity  of  about  90,000  kw.,  which  wai 
described  in  Powkk,  Mar.  IS,  1913. 


Pump-Valve  Leakage 

It  has  long  been  maintained  that  a  steam  pump  is  th 
most  abused  and  neglected  jjiece  of  equipment  about  i 
steam  plant.  But  ninety-nine  engineers  in  every  hundrei 
are  perfectly  satisfied  that  their  pumps  are  all  right,  an( 
so  long  as  the  pump  runs  and  performs  the  required  sen 
vice  they  are  content  with  things  as  they  exist. 

This  condition  may  prevail  in  small  plants,  perliap.' 
to  a  greater  extent  than  in  the  large  installations,  but  i 
a  pump  is  allowed  to  operate  month  after  month,  ani 
year  after  year,  without  overhauling,  it  is  pretty  eviden 
that  it  is  not  in  as  good  condition  as  it  might  be. 

Puni])  ailments  have  been  set  down  as  short  stroking 
leaky  piston-rod  jiacking,  leaky  steam  valves  and  pi.' 
ton,  air  leaks  in  the  suction  pipe  and  other  mino 
troubles. 

The  accepted  standard  of  piston  speed  for  a  boiler-fee 
pump  is  not  more  than  100  ft.  per  min.,  however,  a  lesse 
piston  speed  is  advisable.  If  the  piston  packing  leal 
so  that  the  water  surges  from  one  end  of  the  cylind( 
to  the  other,  the  piston  speed  of  the  pump  must  be  ii 
creased  to  get  the  desired  volume  of  water.  If  the  pi: 
ton  packing  is  tight  and  no  leakage  occurs  past  the  pi: 
ton,  but  the  water  valves  and  valve  seats  are  worn  (an 
all  valve  .seats  do  wear),  there  will  be  excessive  leaka^ 
of  water  past  the  valves,  which  reduces  the  capacity  ( 
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the  pump  over  what  it  should  bo  when  riiiiiiiiig  at  tlie 
same  speed  and  in  good  eondition. 

For  instaiiee,  if  a  ])unip  has  a  6-in.  water  cylinder  aJid 
a  10-iu.  stroke  it  will  pump  a  maximum  of  357  gal.  of 
water  per  mill.,  at  a  speed  of  54  r.p.m.  Suppose  that 
the  sui'tion-  and  diseharge-valve  seats  of  the  water  eud  of 
the  pump  aic  worn,  and  most  of  them  are,  after  being 
used  a  while  Tlic  water  from  the  source  of  supply  en- 
ters the  ininiji  cylinder,  after  jiassing  up  through  the 
suction  or  intake  valves.  The  top  of  the  intake  valves 
are  subject  to  the  discharge  ))ressure  in  the  iiuni]),  which 
lifts  the  discharge  valves  from  their  seats. 

While  one  end  .1  of  the  punij)  cylinder  is  discharging, 
the  valve  B  is  closed  and  the  valve  ('  is  open.  On  the 
other  end  of  the  cylinder  the  position  of  the  valves  is 
reversed,  and  the  valve  I)  is  open,  admitting  water  to  the 
eud  F  of  the  cylinder,  but  the  valve  E  is  closed. 

If  the  valves  and  seats  are  worn,  water  discharging 
from  the  end  ^4  of  the  cylinder  will  pass  up  through  the 
discharge  valve  ('.  but  some  of  the  discharge  water  will 
be  forced  between  the  suction  valve  M  and  its  seat  into 
the  intake  passage  and  then  down  into  the  suction  pipe, 
or  up  through  the  valve  [>,  and  into  the  end  F  of  the 
cylinder.  What  water  goes  toward  the  suction  pipe 
counteracts  the  ujtward  movement  of  the  water,  due  to 
the  partial  vacuum  formed  in  the  end  F,  of  the  pump 
cylinder.  The  amount  of  water  entering  the  end  F, 
from  the  end  A,  reduces  the  capacity  of  the  pum]>  just 
that  much. 

On  the  saJiie  stroke,  water,  under  pressure,  is  being 
forced  back  between  the  valve  E,  and  its  seat,  into  the 
end  F  of  the  cylinder,  which  further  reduces  the  capac- 
ity of  the  pump. 

This  is  a  condition  present  in  most  pumps  to  a  greater 
or  less  degree,  generally  greater,  because  the  engineers 
do  not  give  the  valve  seats  proper  attention.  There  is 
no  gain  shown  by  skimping  on  the  coal  pile,  working  over 
time  packing  leaky  pipe  flanges  and  valve  stems,  etc.,  i^ 
the  steam  puin]is  are  allowed  to  run  in  such  a  condition 
that  they  arc  coiisimiing  a  great  deal  more  steam  than 
they  should. 

For  instance,  in  one  plant  there  were  two  compound, 
simplex  pumps,  operating  at  35  r.p.m.  One  used  1000 
lb.  of  steam  per  hr.,  the  other  pump  nearly  double  the 
quantity,  or  1800  lb.,  in  doing  the  same  work.  The 
trouble  was  that  the  valves  and  valve  seats  on  the  waste- 
ful pump  were  worn  out  of  true. 

One  would  suppase  that  the  engineer  of  that  plant 
would  have  su.spected  something  wa.s  wrong  with  the 
wasteful  pum]),  but  not  so.  He  was  much  like  the  engi- 
neer of  another  large  ])lant.  This  mail  was  a  progressive, 
intelligent,  ujitodate  engineer,  who  claimed  he  had  never 
had  any  trouble  with  his  pumps. 

Something  like  a  year  ago  a  new  heating  system  was 
put  in  and  guaranteed  to  make  a  large  saving  in  fuel, 
but  the  Sy.stcm  did  not  come  up  to  expectation.  An  in- 
vestigation showed  that  the  circulating  pump  was  wasting 
a  large  amount  of  steam.  The  water-valve  seats  of  the 
pump  were  refaced  and  the  service  was  so  improved  that 
in  half  an  hour  after  the  pump  was  started  the  necessary 
amount  of  water  had  been  supplied  and  the  pumj)  was 
stopped.  The  pump  was  working  against  500  lb.  ])res- 
sure. 

It  is  the  procedure  in  several  shops  where  pumps  are 
manufactured  to  force  the  valve  seats  into  place  in  new 


jnimps.  This  may  cause  portions  of  the  seat  to  bulge, 
making  as  many  high  spots  on  the  valve  face  as  there 
are  bars.  If  bulging  occurs  it  is  just  as  necessary  to  re- 
face  the  valve  seats  a.s  if  they  were  badly  worn,  which 
can  easily  be  accomplished  by  a  pump-valve  reseating 
machine,  made  for  the  purpose,  and  which  can  be  used 
without  dismantling  the  pump. 

Another  instance  can  be  cited  where  worn  pump  valves 
necessitated  running  two  pumps,  when  one  in  proper 
condition  could  have  suj)plied  all  of  the  water  required. 
These  pumps  were  each  supplied  with  steam  through  a 
%.-in.  steam  pipe.  They  were  run  about  75  strokes  per 
minute  to  supply  the  required  water.  The  manager  finally 
decided  to  have  the  pump-valve  .seats  faced  true.     After 


Direction  of  W.\tkr  Flow  through  Pump  with 
Leaking  Valves 

one  hour's  work  one  j)uiiip  was  running  at  18  strokes  l>er 
minute,  supplying  all  the  water  necessary,  the  other 
pump  being  idle. 

In  another  instance  a  pump  had  been  in  use  for  11 
years.  It  had  been  condemned  and  a  new  one  was  to 
take  its  place.  However,  before  it  was  discarded,  the 
valve  seats  were  machined  and  the  pump  put  in  service- 
able condition,  good  for  another  11  years'  work,  and, 
furthermore,  saving  in  the  neigliborhood  of  $350  in  the 
cost  of  a  new  puni]i. 

As  a  last  instance  of  many  which  could  be  cited,  a 
pump,  fed  by  a  l^^^-iu.  steam  line,  was  run  at  a  speed 
capable  of  supplying  615  boiler  horsepower  with  feed 
water.  After  putting  the  valve  seats  in  proper  shape 
the  speed  of  the  ])unip  was  cut  down  about  65  per  cent, 
of  its  former  speed  and  is  doing  good  work  today. 

Most  engineers  are  willing  to  believe  the  woist  that  can 
be  said  about  a  neighboring  plant,  but  cannot,  or  will 
not,  see  the  shortcomings  of  their  own.  They  can  tell 
you  all  about  the  engine,  its  steam  consumption  and 
other  data   about  the  plant,  but  on  the  subject  of  the 
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steam  pump,  while  admitting  that  they  arc  steam  eaters, 
they  arc  silent.  They  do  not  know  the  actual  londitiou 
of  their  pumps,  for  one  thing,  and  because  the  pumps 
have  been  in  use  for  years  and  have  been  able  to  keep 
the  boilers  supplied  with  feed  water,  it  is  assumed  that 
the  internal  parts  are  in  good  shape  and  further  con- 
sideration of  their  economical  operation  is  neglected. 
The  pumps,  therefore,  are  run  at  a  faster  speed  than 
they  should,  to  supply  the  necessary  watei",  and  the  owner 
pays  the  excess  fuel  bill  because  of  excessive  steam  con- 
sumption. 

Shop   Demonstration  of  Water  Flow 
in  National  Heater 

In  order  to  set  at  rest  any  misconceptions  regarding 
the  actual  flow  of  water  in  a  Xational  direct-contact 
heater,  a  demonstration  was  made  in  the  shops  of  the 
makers.  The  Xational  Pipe  Bending  Co.,  Xew  Haven, 
Conn.  As  the  flow  of  water  could  be  seen  only  by  making 
one  side  of  the  heater  of  glass,  one  side  of  the  heater  was 
removed  and  a  glass  plate  substituted,  sufficiently  large 
to  come  well  above  the  water  line,  thus  inclosing  the 
lower  part  of  the  heater  in  which  the  water  is  retained. 
Water  was  allowed  to  flow  through  the  heater  at  the  rate 
of  850  hp.  capacity  per  hr.,  the  heater  having  a  capacity 
of  ]  000  hp.  A  description  of  this  type  of  heater  was  pub- 
lished on  page  714,  May  li  of  last  j'ear. 

The  Use  of  Economizers* 

The  speaker  first  described  with  the  aid  of  illustrations 
the  dependence  of  chimney  costs  upon  their  height  aud 
upper  inside  diameter,  the  relations  between  the  chim- 
ney height,  the  hourly  consumption  of  fuel  and  the  op- 
erating costs  aud  the  temperature  of  the  gases  entering 
the  chimney. 

Of  great  importance  in  determining  the  gross  dimen- 
sions of  the  economizer,  are  the  temperature  of  the  enter- 
ing water  and  the  drop  in  temperature  of  the  flue  gases 
that  are  employed. 

The  entire  installation  will  be  cheapest  when  the  utili- 
zation of  the  flue  gases  in  the  economizer  goes  the  far- 
thest. How  far  the  flue-gas  temperature  is  then  eco- 
nomically utilized  depends  upon  the  temperature  of  the 
feed  water.  Assuming  a  uniform  load,  the  most  eco- 
nomical plant  for  low  feed-water  temperatures  corre- 
sponds to  a  chimney  temperature  of  266  to  284  deg.  F. ; 
for  average  feed-water  temperatures,  338  deg.,  and  for 
high  feed-water  temperatures,  392  deg.  If  the  service 
is  variable  it  is  proper  to  proportion  the  outfit  for  the 
average  efficiency. 

The  question  whether  in  large  plants  one  common 
economizer  or  separate  equipments  behind  each  boiler 
should  be  used  cannot  be  settled  by  general  principles 
since  it  depends  upon  working  conditions.  With  very 
regular  load  a  common  economizer  would  be  advantage- 
ous because  of  its  cheaper  first  cost  and  its  smaller  radiat- 
ing surface,  while  where  boilers  are  frequently  cut  off. 
as  in  electrical  stations,  individual  economizers  are  prefer- 
able, there  being  danger  that  otherwise  a  too  great  cool- 


ing down  of  the  flue  gases  may  reduce  the  draft  and  al^o 
that  the  tubes  will  be  fouled. 

Summing  up,  the  question  of  employing  cconomizi  r~ 
may  be  answered  I)y  saying  that  they  are  primarily  of  u-i; 
in  enabling  the  designer  to  lay  down  an  economical  plant, 
by  most  completely  utilizing  the  flue  gases  aud  obtaining 
the  best  combustion.  Their  field  of  usefulness  will  wiilrn 
the  more  that  small  boiler  plants  disappear  and  ha  ml 
stoking  gives  place  to  rnechanical.  The  size  of  an  ecoim- 
mizer  as  compared  with  the  boiler-heating  surface — 
which  cannot  be  settled  by  a  fixed  ratio,  since  it  depends 
upon  the  feed-water  temperature — should  increase  witii 
the  pressure  and  with  increased  attempt  to  employ  in  tlic 
boiler  itself  only  heating  surfaces  of  high  value. 

Myers    Improved   Boiler-Tube    Blower 

A  new  tube  blower  for  horizontal,  return-tubular  lidii- 
ers  has  been  developed,  and  has  successfully  weathered 
two  years  of  strenuous  testing.  It  is  impossible  for  ilif 
tube  blower  to  burn  out  or  deteriorate  in  the  hot  ga^  -. 
because  when  not  in  use  it  is  withdrawn  bodily  frmii 
the  boiler  setting. 

The  design  is  such  that  each  individual  boiler  tube  re- 
ceived a  single  powerful  jet  of  steam  at  its  exact  center. 
There  is,  therefore,  no  turning  of  the  steam  through  ;iii 


•-Abstract  of  a  report  by  Engineer  Gleichmann,  presented 
at  the  Munich  convention  of  the  International  -Association  of 
Steam  Boiler  Inspection  Societies.  Translated  from  "Gliick- 
auf." 
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Tube    Blower   in    Positiox    eor    Blowixc   Ti'be! 


angle  or  the  dissipating  of  its  force  by  passing  it  through 
the  2  ft.  of  hot  gases  in  the  rear  combustion  chamber. 
Therefore,  a  powerful  cleaning  effect  is  produced  on  the 
inside  surface  of  the  tubes  with  a  minimum  amount  of 
steam.  As  the  blower  is  removable,  one  blower  can  serve 
any  number  of  boilers,  provided  they  have  the  same  tube 
spacing,  each  boiler  being  provided  with  the  cast-iron 
slot  door  for  the  insertion  and  withdrawal  of  the  blower. 

The  blower  part  consists  essentially  of  a  tee,  formed  of 
standard  steam  pipe  with  nipples  on  the  cross  piece,  which 
act  as  steam  jets.  These  jets  are  specially  designed  and 
interchangeable  with  other  jets  with  different-size  noz- 
zles, making  them  adaptable  to  any  set  of  local  conditions 
that  may  be  found,  as  to  steam  pressure  and  size  of  boiler 
tubes. 

The  blower  portion  is  fitted  with  a  wooden  handle  and 
a  hose  connection  to  which  the  ho.se.  preferably  a  flexible 
brass  one,  is  attached.  The  steam  connection  for  the 
blower  should  be  made  near  the  center  of  a  pair  or  bat- 
tery of  boilers  at  their  rear ;  thus  the  blower  can  be  taken 
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in  either  direution  without  disconnecting  to  clean  the 
tubes  of  either  boiler. 

The  otlier  part  of  this  device  consists  of  a  cast-iron 
slotted  door,  set  horizontally  in  the  rear  wall  of  the  boiler 
setting,  exactly  opposite  the  middle  row  of  tubes,  as 
shown  in  the  illustration,  where  the  blower  is  inserted 
through  the  slotted  door  in  its  operating  position  ready 
for  cleaning  the  tubes. 

The  operation  of  cleaning  a  boiler  consists  of  opening 
the  door  covering  the  slot  in  the  rear  of  the  boiler  and  in- 
serting the  blower.  Then  the  blower  head  is  turned 
through  an  angle  of  90  deg.  and  the  guide  block  is  slipped 
up  into  position  in  the  slot  in  which  it  has  a  sliding  fit. 
This  guide  block  holds  the  blower  head  containing  the 
nozzles  in  alignment  with  any  vertical  row  of  tubes  in 
the  boiler.  The  blower  is  then  slid  along  this  slot  op- 
posite the  left-hand  row  of  tubes,  then  to  the  right  to  the 
next  row,  and  so  on  until  each  vertical  row  of  tubes  has 
been  thoroughly  cleaned,  the  jets  of  the  blower  acting  in 
perfect  axial  alignment  with  the  individual  tubes.  After 
cleaning  the  tubes  the  l)lower  is  again  removed  by  turning 
90  deg.,  and  is  then  pulled  out  of  the  slot.  It  was  in- 
vented and  patented  by  David  Moffat  Myers,  17  Battery 
Place,  New  York  City. 

Autogenously  Welded  Flywheel 

-A  iiy^^'heel  which  lias  been  welded  in  four  places  is 
shown  in  the  illustration.  The  work  was  done  at  the 
No.  2  mill  of  the  American  Thread  Co.,  at  Holyoke, 
Mas,s.,  by  THE  Welding  Co. 

While  the  engine  was  being  moved  from  one  of  the 
mills  the  flywheel  was  dropped,  breaking  one  spoke  out 
entirely  and  cracking  two  others.  It  was  found  that  a 
new  wheel  would  cost  $4800,  and  there  would  be  a  con- 
siderable delay  which  would  add  very  largely  to  this  cost. 


Welding  Beoken  Flywheel 

The  welding  was  undertaken  under  a  guarantee  of  no 
charge  if  not  successful. 

The  repair  was  completed  in  one  day.  The  welding 
was  performed  without  turning  the  wheel  over,  it  being, 
however,  welded  from  both  sides.  It  was  a  somewhat 
remarkable  performance  to  weld  these  spokes  from  the 
underside  as  this  is  an  exceedingly  difficult  operation  on 
gray  iron. 

When  the  wheel  was  put  into  operation  again  it  was 
found  to  be  true  within  a  reasonable  degree  being  not 
more  out  of  round  than  such  large  wheels  are  apt  to  be 
in  ordinary  operation. 


The  welds  were  tested  by  jarring  the  .spokes  before  put- 
ting the  wheel  in  commission,  and  the  engine  was  then 
run  at  an  excess  speed  without  the  belt  to  test  the  welds. 

Pumping  Plants  of  the  Western 
Water  Co. 

Prompted  by  the  urgent  need  of  the  oil  fields,  C.  B. 
Colby,  Bakerstield,  Calif.,  recently  organized  a  corporation 
to  supply  water  for  boilers,  oil-well  drilling  and  domestic 
purposes,  to  the  California  Midway  oil  field,  the  .largest  in 
the  world. 

This  field  was  at  that  time  being  supplied  with  boiler 
and  drilling  water  from  deep  wells  which  contained  so 
much  sulphur  and  salt  that  it  could  not  be  used  for 
domestic  purposes,  and  domestic  water  was  transported 
in  tank  ears  48  miles  and  sold  in  the  fields  for  30c  a 
bbl. 

Because  of  these  conditions  several  unsuccessful  at- 
tempts were  made  to  supply  the  field  with  additional 
water,  one  notable  among  them  being  a  plan  to  bring 
water  down  from  the  mountains  on  the  south,  a  distance 
of  about  40  miles  through  a  pipe  line.  This  was  aban- 
doned on  account  of  its  engineering  difficulties,  which 
made  the  cost  almost  prohibitive. 

The  problem  was  solved  by  drilling  a  well  near  where 
the  Kern  Eiver  turns  to  run  into  a  lake,  about  12 
miles  from  the  oil  fields.  It  was  pumped  continuously 
for  six  days  to  establish,  without  a  doubt,  the  quantity 
and  quality  of  the  water  which  was  found  suitable  for 
both  domestic  and  boiler  purposes. 

A  corporation  known  as  the  Western  Water  Co.  was 
organized  and  plans  were  made  to  install  pumping  ma- 
chinery of  sufficient  size  to  pump  2,000,000  gal.  per  day 
to  a  storage  tank  on  the  highest  hill  in  the  field  and  dis- 
tribute the  water  by  gravitation. 

The  pipe  line  is  made  with  couplings,  consisting  of  a 
body  ring  and  two  ring  flanges,  through  which  bolts  are 
fitted,  and  when  drawn  up  compress  a  ring  of  packing 
against  the  outside  surface  of  the  pipe,  thus  making  a 
water-tight  joint.  The  use  of  this  type 'of  coupling  facili- 
tates repairs  in  case  of  leakage  or  damage  to  a  pipe  line, 
due  to  washouts,  caused  by  heavy  rains  in  the  hills. 

One  of  the  pumping  plants  consists  of  two  No.  7  Layne 
&  Bowler  vertical  turbine  pumps ;  the  capacity  of  each  is 
about  2,000,000  gal.  per  day.  The.se  two  pumps  are 
driven  by  one  50-hp.,  single-cylinder,  horizontal -type  en- 
gine for  the  pump  in  well  No.  5  and  one  80-hp.,  three- 
cylinder,  vertical,  heavy-duty  gas  engine,  for  the  pump 
in  well  No.  7. 

The  elevation  at  the  surface  of  the  ground  where  these 
pum.ps  are  installed  is  297  ft.  above  sea  level.  When  not 
being  pumped,  the  water  in  the  wells  rises  and  runs 
over  the  top  of  the  casing.  When  being  pumped  to  the 
full  capacity  of  the  pumps,  the  water  is  lowered  only 
about  58  ft.' 

The  water  from  these  pumps  is  discharged  into  two 
10-in.  pipes  which  connect  to  Y-branches  on  the  14-in. 
discharge  line  leading  to  a  concrete  reservoir  672  ft. 
di.stant. 

The  reservoir  is  40x100  ft.  by  51^  ft.  deep,  divided  in- 
to two  basins  40x50  ft.,  so  that  one  side  can  be  emptied 
and  cleaned,  without  interrupting  the  water  supply. 

The  water  first  enters  a  small  box  or  settling  basin  be- 
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fore  flowiug  into  the  reservoir,  whicli  prevents  sand  and 
silt  from  entering  the  20-in.  suction  pipe  leading  to  the 
9.\- 1 8-iu.  power  pumps  in  the  main  building.  The  eleva- 
Hdii  of  the  floor  of  this  building  is  310  ft.  6  in.  Water 
'uis  supplied  to  the  pumps,  under  slight  pressure. 
I  iie  equipment  in  the  main  building  consists  of  three 
yx8-in.  pot-valve  power  pumps,  direct  connected  to  three 
250-hp.  four-cylinder  engines,  operating  on  natural  gas. 

The  pumps  are  fitted  with  lO-in.  discharge  pipes  which 
connect  to  the  Y-branch  fittings  in  tlie  r2-in.  main  line. 

Each  pump  is  fitted  with  a  relief  valve  set  at  ooO  lb. 
pressure.  The  line  pressure  when  a  jdant  is  in  oi)eration 
being  from  500  to  53")  lb.  per  .sq.in.,  .'illO  lb.  of  which  is 
static  and  300  to  335  11).  is  caused  by  friction  in  the  pipe. 
There  are  also  four  alleviations  on  the  main  line  at  this 
point  to  take  care  of  any  water-hammer  that  may  occur. 

All  Y-bi-anches,  gates  and  other  fittings  were  placed 
in  the  pijie  line  and  tested  1o  1000  jli.  piT  sq.in.  liydraulic 
j)ressure. 

The  main  Ijuilding.  .joxlij  ft.,  is  a  substantial  frame 
structure,  covered  with  corrugated  iron.  The  roof  trus.ses 
are  built  to  carry  a  load  of  two  tou.s  on  the  traveling 
crane,  which  is  fastened  to  them.  The  crane  was  pro- 
vided for  the  handling  of  heavy  pump  and  engine  cast- 
ings, if  necessary.     The  floors  are  concrete. 

The  average  consumption  of  gas  per  month  is  5,500,000 
cu.ft.  Lubricating  oil  consumed  averages  300  gal.  per 
mouth.  The  oil  is  pumped  from  the  crank  case  of  the  en- 
gines to  filters,  and  from  there  gravitated  to  the  tanks 
that  .«upply  the  oiling  system. 

For  auxiliary  equipment  there  is  an  electric-lighting 
plant  to  light  all  of  the  buildings,  the  engine  of  the  light 
equipment  also  drives  an  air  compressor  which  charges 
three  receiving  tanks. 

The  comjjressed  air  is  u.sed  for  starting  the  large  en- 
gines and  by  its  u.«e  any  one  of  the  350-hp.  engines  can 
lie  easily  started  by  a  singl.-  operator. 
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Thi!i:e  350-11?.  Gas  Exg]xi:s  DiiairTLY  Connkcteo  to 
ThkiiE  9.\1S-Ix.   Powkk   Pumps 

There  is  al.so  a  refrigerating  plant  of  one  ton  capacity, 
a  machine  shop  containing  a  lathe,  drill  press  and  pipe- 
threading  machine,  etc. ;  a  blacksmith  shop  and  a  garage, 
also  an  oil  house,  where  all  waste  oil  is  collected  and 
filtered,  and  a  heavy  press  for  squeezing  the  oil  out  of 
wiping  rags. 

Station  No.  2  receives  the  water  coming  through  the 


13-in.  line  from  station   Xo.  1  in  a  5on()-l)bl.  tank  near 
the  power  house. 

The  machinery  in  .station  No.  3  con.sists  of  three  100- 
hp.  horizontal-tubular  boilers  and  three  temporary  40-hp. 
firebox  boilers,  one  18x6xl8-in.  Coalinga  pattern  pump, 
and  two  ISxlSi^xl^-iu-  duplex  pot-valve  pumps.  The 
fuel  used  at  this  plant  is  natural  gas  and  amount.^  to 
about  6,000,000  cu.ft.  per  month.  This  station  is  also 
(■quipped  with  a  6l/^x8-in.  triplex  power  pump  driven  liy 
a  50-hp.  induction  motor. 

Water  is  discharged  from  the  large  line  pumps  in  this 
station  into  a  13-in.  manifold  to  which  is  connected  the 
8-in.  line,  which  discharges  the  water  into  the  55,oo0- 
l)bl.  storage  tank,  a  distance  of  two  miles. 

A  feature  i-n  connection  with  the  ojjeration  of  the  >\>- 
tem  is  that  no  trouble  has  been  experienced  with  either 
machinery  or  pipe  line.  The  350-hp.  gas  engines  at  sta- 
tion No.  1  have  operated  continuously  on  an  average  of 
twenty-six  34-hr.  days  a  month  for  30  months,  and  the 
50-hp.  single-cylinder  engine  pulled  a  load  amounting  to 
fiO  hp.  for  a  period  of  10  months.  The  gas  engines  and 
]iumps  other  than  those  mentioned  were  built  by  the  Fair- 
hanks-Morse  Co. 

The  Western  Water  Co.  supplies  water  to  approximate- 
ly 60  per  cent,  of  the  Midway-Sunset  oil  fields,  or  a  total 
of  30,730  acres  of  oil  land.  The  water  is  sold  at  3c.  a 
bbl.,  whereas  heretofore  operators  have  paid  from  6c.  to 
20c.  per  bbl.  At  the  present  time  35,000  bbl.  of  43  ga 
each  are  being  delivered  daily. 

Bill  B.   Banger  on  Boiler  Explosions 

By  BiLh  B.  B-VMiKK 

When  a  feller's  got  things  on  his  mind  th'  best  thing 
f  do  is  t'  get  um  outer  th'  way  as  soon  as  possible  and 
that's  what  I'm  goin'  t'  do.  Some  fellers  can  sleep  ovei 
a  Vwe  volcano  and  don't  .seem  t'  know  it's  there.  When  1 
speak  of  volcanoes  I  mean  some  of  these  dinged  lap 
joint  steam  bilers  what  has  been  in  service  a  quarter  o 
a  century,  more  or  less,  and  th'  worst  part  of  it  is  tha' 
innocent  people,  what  don't  know  th'  difference  betweei 
a  biler  and  a  sausage  are  riskin'  their  lives  and  legs  ever 
day  in  th'  year,  except  jjerhaps  Sundays,  and  are  so  glai 
they  have  a  job  they  think  they  are  favored  by  Providenc( 
and  By  Heck  they  are,  for  if  it  wasn't  for  th'  care  o 
some  sich  thing  most  of  um  would  have  attended  thei 
own  funeral  long  ago. 

Wlren  the  engineerin'  pa])ers  can  spout  about  .so  man 
biler  bu.stups  and  .show  pictures  of  um  t'  boot,  a  tellii 
how  th'  thing  happened  and  sometimes  wonderin'  why 
didn't  bust  before,  it  makes  a  feller  want  f  ease  up  on  tl 
steam  pressure  and  wonder  how  many  cracks  there  ai 
under  th'  lap  joint  of  th'  biler  he  is  nursin'. 

When  a  biler  goes  f  smash  there's  usually  a  good  re; 
son  for  it  and  th'  first  thing  a  feller  wants  t'  know 
what  was  th'  cau.se,  and  why  did  there  donm  thing  do  ^ 
nuich  damage.  From  th'  little  experience  I  have  hi 
with  biler  explosions,  th'  cau.se  is  ea.sy  t'  find,  provid 
th'  company  ownin'  th'  biler  will  let  a  feller  in  t'  examh 
th'  remains.  It's  ea.sy  enough  f  trace  an  old  crack,  or 
detect  signs  of  a  burnt  biler,  and  th'  state  of  th'  shee 
and  tubes  gives  a  pretty  good  idea  as  t'  how  th'  biler  h 
been  taken  care  of. 

Generally  th'  cuss  of  an  engineer  gets  th'  blame  i 
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n  accident  t'  a  biler,  and  as  he  can't  talk  back  in  most 
ases,  he  goes  t'  his  grave,  kind  of  dishonored  like,  luid 
Bckoned  for  a  time  among  th'  town  folk  as  havin'  brought 
a  his  own  destruction;  at  th'  same  time  his  memory  is 
ursed  by  th'  relatives  of  th'  men  killed  with  him  and  he 
as  t'  carry  the  hatred  of  those  wlio  hai)])ened  t'  be  in- 
ured in  th'  racket  t'  his  silent  gra\,e. 

Th'  humble  opjnidii  of  your  Uncle   Kill   is  that  some- 
lin'  is  wrong.     Of  course,  an  engineer  sIkmiIiI  lir  a  carc- 


A.S  I  Looked  at  th'  Wreckage,  T  ('Ai.cnLATEn  Some- 
Tirix'   'MrsT  of   l-n'r   Oo  Unexi'kc'i'i::!   I^ikk.'' 

.il  man  and  he  should  not  allow  a  biler  I'  be  operated  iu 
Q  unsafe  condition,  as  has  been  said  several  hundred 
mes  before,  but  th'  engineer  ain't  th'  oidy  nigger  in  th' 
Dal  pile,  not  by  a  tadpole.  It's  easy  enough  t'  blame 
i'  engineer,  but  what's  th'  matter  with  turnin'  th'  search 
ght  on  th'  owner  of  th'  Inler  what  blew  up  and  see  what 
ind  of  an  excuse  he'll  spring  for  operatin'  a  biler  what 
immoii  sense  would  tell  a  half-baked  iiippin  was  only 
t  for  old  junk  and  at  a  cheap  price  at  tluit? 

Tb'  Good  Book  says  somewhere,  I  ihiiik,  "((inie  let  us 
■ason  t'gether,"  and  it  won't  do  us  a  mite  of  biinii  V  du 
i'  same.  I'll  be  willin'  t'  bet  seven  ceiils,  if  I  can  lind 
ay  takers,  that  there  ain't  one  man  in  KiOO  what  would 
ut  in  an  engine,  feed  pump,  or  even  an  oil  filter  and  ex- 
ect  any  one  of  um  to  last  from  8()  to  25  years  without 
?pairs,  but  at  th'  same  time  most  (jf  um  would  put  in  ii 
assed  hqi-joint  biler  and  kiek  if  tli'  eiigim-er  asked  r<ii' 
new  liandbole  crab.  I'ev  tb'  back  end  of  tb'  biler.  inside 
f  ten  years. 

'Tain't  no  uncommon  thing  t'  go  iut'  a  bilei-  room  ami 
ave  th'  engineer  hitch  up  his  pants  and  throw  out  his 
lest  and  tell  you  th'  biler  ain't  had  a  cent's  worth  of  re- 
airs  since  it  was  ]iut  in  service  30  years  ago,  and  that 
:  Was  a  second-hand  biler  at  that  time,  so  n()l)ody  knows 
.ist  how  old  th'  old  kettle  is.    It  ain't  much  to  brag  about 

my  mind  and  it's  a  pretty  sure  thing  tliat  if  a  biler 
fis  been  heated  up  and  cooled  twice  a  day  for  20  or  25 
ears  it  is  about  time  soniethin'  was  done  with  it,  if  it's 
nthin'  mor'n  givin'  it  a  dose  of  th'  hydrostatic  test.     I 


kind  of  calculate  that  most  liilers  of  uncertain  age  would 
bust  a  gizzard  or  somethin'  of  the  sort  and  by  th'  pro- 
(■e(hire  prolong  th'  jives  of  several  prospective  victims. 

I  don't  knoA\'  why  some  insurance  and  inspection  com- 
panies don't  look  int'  the.se  matters  more  closely.  Of 
course,  insurin'  bilers  is  more  or  less  of  a  gamble  on  th' 
part  of  both  parties.  Tb'  owner  takes  th'  side  that  th' 
biler  is  likely  t'  blow  up  a]id  is  willin'  t'  bet  th'  insurance 
company  a  cei-tain  snui  tbat  it  will.  If  th'  biler  holds 
togetber  th'  ownei-  is  out  th'  amount  of  th'  premium.  On 
th'  other  hand,  th'  insurance  eompaaiy  gambles  that  th- 
biler  won't  bust  and  bets  th'  owner  th'  amount  of  dam- 
age t'  property  against  tlr"  premium  that  it  won't.  Th' 
insurance  eom)iany  wins  most  times,  or  it  would  soon  go 
out  of  business,  but  lui  tb'  ntbei'  hand,  there  is  th'  tempta- 
ti<ui  I'  run  a  i-isk  (ni  an  uneerlain  biler  just  a  little  longer. 
I    won't  eome  out  Hal   roiiteil  and  say  that  this  is  th'  case, 

but    things  what   ba^  e e  t"  m\    attention  nf  late  years 

lead  me  t'  suspect  tbat   it   is  so. 

!  was  told  by  a  Teller,  wbat  knows,  tbat  one  of  th' 
bilers  what  exjdoded  i-eeently  had  been  carried  by  one 
insurance  company  .•mil  lliey  had  dropped  th'  risk  like  a 
hot  iron;  it  was  rel'useil  liy  another  and  was  then  taken  up 
by  a  third  company.  Now.  if  tbat  is  so,  what  protection 
does  biler  insurance  i^wr  mor'n  tlial  it  insures  th'  owner 
against  loss  of  i)ro)jertv  in  case  th'  dinged  biler  does  ex- 
phnle!''  It  don't  protect  him  against  damage  suits  due 
t'  killed  and  injured  ])epole  what  liad  nothin'  t'  do  with 
th'  biler.  1  take  it  tbat  most  biler  owners  don't  take 
this  last   pro)iosition    inl'  consideration   until   it  is  t'  late 

or  course,  th'  iiilei'  is  ins]H.'cted  sbipshape  at  certain 
jieriods,  it  the  inspi'ctor  gets  a  chance  t'  get  int'  it.  But 
if  tir  owiiei-  won't  get  it  ready  I'ei'  ins])ection,  1  don't 
see  where  th"  insurance  ((unpany  ccjmes  in.  T'  be  sure 
they  can  make  an  external  inspiM-tiou,  but  that  don't 
give  much  assurance  tbat  lb"  biler  is  all  right,  By  Heck, 
esp.ecially  when  th'  w.-iy  things  are  managed  around  th' 
plant  is  such  as  1'  make  a  contidin'  powlle  dog  suspicious. 

If  th'  owner  of  a  liiler  gets  it  insured  and  then  refuses 
t'  have  repairs  made  as  recommended  l)y  tli'  inspector, 
or  refuse  t'  let  th'  inspector  get  int'  th'  dinged  biler  it 
looks  as  if  all  tbat  was  wanted  was  th'  jirotection  against 
damage  in  ca.se  tb'  IhIim'  did  go  t'  smash.  Th'  safety  of 
th'  men  seems  t'  be  a  secondary  consiileratioii  in  the  es- 
timation of  some  biler  owners. 

Now  yer  Uncle  Bill  believes  in  biler  insi)uction  and  in- 
surance when  it's  carried  on  with  common  sen.se,  but 
there  ain't  any  si'use  for  one  comjiany  t'  insure  a  biler 
after  another  lias  canceled  th'  risk  because  of  th'  condi- 
tion it  was  in  or  bccairse  (jf  th'  abuse  it  was  gittin'.  It 
ain't  honest  Imsiness  no  inattei-  lio\\-  yer  look  at  it,  and 
there  ani't  any  mcne  sense  t'  it  then  t'  eat  beef  steak 
that's  so  tough  yer  can't  stick  yer  fork  iu  th'  .gravy,  when 
yer  can  get  somethin'  tender  fer  tb'  askin'. 

Safety  first,  ])rolits  next,  would  be  a  good  motto  fer 
all  concerned  t'  adont  w  hen  monkevin'  with  steam  bilers. 


His  Men  start  b.v  firing  up  tht-ir  lma>?ination.  and  then 
they  throw  over  the  lever  of  will  power,  and  the  machinery 
moves.  Imagination  is  the  Are  under  the  boiler.  Will 
power  is  the  steam  in  the  boiler.  Big  minds  and  big  ma- 
chinery are  moved  much  in  the  same  manner.  A  small 
man  has  little  imagination;  naturally,  never  gets  up  much 
fire.  The  bigger  the  imagination,  the  more  the  horsepower. 
The  more  the  will  power — the  more  the  result.s.  Dream  and 
work. — "The   Silent    Partner." 
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Standard  Tubular-Boiler  Specifications 

The  .Xatioiuil  Association  of  Tubular  Boiler  Mauufac- 
turers  has  recently  issued  a  set  of  specifications  covering 
fire-tube  boilers  and  34  individuals  and  companies  who 
are  members  of  the  association  have  approved  and 
adopted  it.     Tlie  principal  features  are  as  follows: 

MATERIALS 

The  shcO,  heads  and  covering  strips  of  the  standard  boiler 
shaU  be  of  flange  steel  as  described  in  the  standard  speci- 
flcations  of  the  Association  of  American  Steel  Manufacturers. 
All  such  plates  shall  be  marked  60,000  lb.  tensile  strength 
and  in  building  the  boiler  the  plates  shall  be  so  placed  that 
these  stamps  are  plainly  visible  on  the  outside.  These  plates 
shall  have  the  full  specified  thickness  at  the  edges  and 
shall  meet  the   tensile,   quenching  and   bend  tests  described. 

The  tubes  shall  be  standard  quality  lap  welded  mild  steel 
of  standard  manufacture.  The  thickness  of  the  metal  shall 
be  12  B.w.g.  for  3-in.  tubes,  11  B.w.g.  for  3H'-in.  tubes  and 
10  B.w.g.  for  4-in.  tubes. 

The  rivets  shall  be  of  boiler-rivet  steel  as  described  in 
the    standard    specifications    of    the    Association    of    American 


either    double,    triple    or    quadruple    riveted    as     indicated     i 
Table   1*. 

The  circumferential  seams  shall  be  of  the  lap  type  m 
joint   and   single    riveted. 

In  all  joints  the  size,  number  and  spacing  of  the  rlvei> 
shall  be  such  as  to  provide  the  strength  necessary  to  main- 
tain  the   factor  of  safety  of  five. 

The  tubes  shall  be  placed  in  vertical  and  horizontal  rowf 
with  ample  space  between  the  adjacent  tubes  and  also  li'  ■ 
tween  tubes  and  shell  for  the  circulation  of  water  and  alsc 
with    a    large    steam    space   above    the   water    line. 

Boilers    44    in.    or    less    in    diameter    shall    have    a    manhul' 
above  the  tubes  and  a  handhole  below  the  tubes.     These  ni:i 
both    be    in    the    front    head    or    the    handhole    may    be    in    tli. 
front  head  and  the  manhole  in   the   back   head.     Boilers   4S   in 
In  diameter  shall  have  two  manholes,   both   in  the  heads,   cmm 
above  the   tubes  and  one  below  the  tubes.     They  may  both   I- 
in   the  fi'ont   head   or   one   manhole   may   be   in   the   front   h>-.f 
below   the   tubes   and    the   other   in   the   back   head   above    th 
tubes.      Boilers   larger    than    48    in.    shall    have    two    manh'-ib 
one   of  which   shall   be   in   the  front   end  below   the   tubes,    i 
other  shall   be   above   the   tubes  in  either   head   or   preferali 
may   be   placed   in    the   shell. 

The  opening  in  the  manhole  shall  not  be  less  than  lO.xli 
in.  Each  manhole  shall  be  equipped  with  a  heavy  plate,  bali 
bolt,    nut    and    gasket. 


TABLE   1.     DIMENSIONS  FOR  STANDARD  RETURN-TUBULAR  BOILERS 
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Steel  Manufacturers  and  of  proper  size  to  suit  the  size  of  the 
hole  and  the  thickness  of  the  plates  and  to  form  up  heads 
equal  in  strength  to  the  pressed  heads  of  same. 

The  diagonal  braces  shall  be  weldless  of  the  same  quality 
as  the  flange  steel  previously  described  and  pressed  from 
the  solid  plate,  or  else  forged  from  steel  bars.  The  number 
of  braces  to  be  used  shall  be  computed  on  an  allowance  of 
not  more  than  7500  lb.  of  load  per  square  inch  of  section  of 
brace  neglecting,  in  this,  the  inherent  strength  of  the  heads 
and    the    slight  angularity   of   the    braces. 

Suitable  through  rods  and  braces  shall  be  installed  be- 
low the  tubes  when  necessary  to  sustain  the  pressure.  These 
shall  be  of  steel  and  shall  be  computed  with  the  same  allow- 
ance  as  diagonal   braces. 

Braces  as  above  described  shall  be  carefully  placed  so  that 
the  pressure  on  the  flat  surfaces,  both  above  and  below  the 
tubes,   shall   be  as  nearly  equally   distributed  as  possible. 

For  any  boiler  head  the  area  to  be  supported  by  braces 
shall  be  the  surface  included  within  lines  drawn  2  in.  from 
the  outside  of  the  tubes  and  3  in.  from  the  inside  of  the  shell. 

DESIGN 

The  longitudinal  seam  of  the  shell  shall  be  of  the  butt- 
joint    type    having    inside    and    outside    covering    strips    and 


Manholes  placed  in  the  shell  shall  be  properly  reinforced 
with    a    suitable   steel   saddle. 

All  openings  2  in.  in  diameter  or  larger  shall  have  suitable 
steel  reinforcing  flanges  riveted  on.  Cast-iron  flanges  or 
nozzles    shall    not   be   used. 

Boilers  for  125  to  150  lb.  "working  pressure  shall  have  the 
feed  opening  in  the  front  head  over  the  tubes  and  same  shall 
be  provided  with  a  brass  bushing  and  an  internal  feed  pipe 
extending  from  the  front  end  of  the  boiler  to  "within  about  ' 
3  ft.  of  the  rear  head,  thence  across  to  the  side  of  the  shell  . 
terminating  in  an  elbow  for  discharge  below  the  top  row  of 
tubes. 


•The  butt  type  of  joint  is  specified  because  the  lap  joint 
has  been  proved  dangerous  when  used  for  the  longitudinal! 
seams.  Defects  in  the  lap  seam  usually  develop  where  the 
parts  are  hidden.  Inspection  cannot  reveal  them.  Domes 
are  not  specified  because  they  are  mechanically  bad  and  are 
not  necessary.  The  fixed,  or  "plug  hat"  type  of  dome  is  awk- 
ward at  best,  it  tends  to  weaken  the  boiler  and  frequently' 
makes  the  use  of  the  lap  type  of  joint  necessary  on  the; 
longitudinal    seam. 

The  independent  type  of  dome  can  be  used  on  any  boiler.l 
but  it  will  probably  be  found  to  be  better  engineering  to 
apply  it  in  the  form  of  a  steam  separator  near  the  engine 
throttle   instead   of  as  a  dome   near   the    boiler. 

The  manufacturers  who  have  adopted  these  specifications! 
do  not  recommend  domes,  or  lap  joints  when  used  on  longi- 
tudinal seams. 
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Joilers  tor  100  lb.  working  pressure  shall  be  arranged  to 
through  the  blowoff  connection  and  the  internal  feed 
be  omitted. 
Sach  boiler  shall  be  provided  with  four  steel  lugs  or 
;kets,  two  on  each  side  for  supporting  the  boiler,  except 
;  boilers  78  in.  in  diameter  or  boilers  20  ft.  long  shall  be 
^ided  with  eight  such  lugs,  four  on  each  side  of  the 
er  and  all  of  them  arranged   in  pairs. 

WORKMANSHIP 
\11  rivet  holes,  and  all  tube  holes  shall  be  either  drilled 
n  the  solid  or  punched  small  and  reamed  to  size.  After 
ling  or  reaming  the  plates  shall  be  taken  apart  and  all 
rs  removed  and  the  tube  holes  chamfered  with  a  rose 
mer. 

rhe  edges  of  the  plates  shall  be  beveled  to  an  accurate 
Iking  edge  and  after  being  riveted  shall  be  caulked  tight 
h    a    round    nose    tool. 

rhe    tubes    shall    be    carefully    placed,    expanded    tight    in 
heads    with    a    roller    expander    and    the     ends    carefully 
ded   over  against  the   head   at   both   ends. 

WATER    COLUMN 
The    water    column    shall    be    provided    with     t 


ks    and 


three  gage- 
hall  be  so  placed  that  the  lowest  gage-cock 
,11  be  2  in.  above  the  tops  of  the  uppermost  row  of 
es.  The  middle  gage-cock  shall  be  3  in.  and  the  upper- 
st  gage-cock  6  in.  above  the  lowest  gage-cock  measured 
tically. 

TESTS 
All  material  used  in  the  construction  of  the  boiler  shall 
rigidly  tested  as  called  for  in  the  above  specifications  and 
completed  boiler  shall  be  subjected  to  a  steady  water 
issure  50  per  cent,  above  its  proposed  working  pressure 
1  made   tight. 

When  specially  requested  the  boiler  manufacturer  will 
nish  copies  of  the  record  of  tests  of  the  plates  as  made 
the  steel  manufacturers.  These  reports  shall  be  deemed 
Bcient   indication    of   the   quality   of   steel   used. 

EQUIPMENT 
A  complete  standard  boiler  equipment  includes:  The  bare 
;ier  with  lugs;  cast-iron  front  with  anchors;  grate  bars 
th  bearers;  rear  arch  bars;  rear  ashpit  door  and  frame; 
'ety  valve  with  nipple  to  connect  it  to  boiler;  steam  gage 
th  siphon;  water  column  with  gage-glass,  three  gage- 
!ks  and  pipe  connections  to  boiler;  blowoff  valve;  check 
Ive;  stop  valve  for  water  feed  line;  smoke  stack  and 
ys;  stacks  less  than  60  ft.  long  shall  have  four  guy  eyes, 
i  guys  six  times  as  long  as  the  stacks.  Stacks  60  ft. 
ig  or  longer  shall  have  six  guy  eyes,  two  sets  of  three,  and 
ys  ten  times  as  long  as  the  stack.  A  stack  plate  or  nozzle 
xll   be   included   with   each    full-front    boiler. 

Of  course,  where  boilers  built  according  to  the  fore- 
ing  specifications  are  not  legally  satisfactory  necessary 
edification  is  made. 


Minimizing  the  Damage 

A  short  time  ago  a  tube  burst  on  a  550-hp.  Stirling 
iler,  writes  J.  A.  Fritz  in  the  American  Gas  &  Electric 
y.'s  Bulletin,  and  while  it  did  no  great  damage,  it  might 
terest  the  readers  to  know  wliat  means  we  are  taking 

minimize  the  damage,  should  a  like  accident  occur. 
This  boiler  was  equipped  with  Babcock  &  Wilcox  bal- 
iced  fire-doors  swinging  inward.  The  tube  that  bunst 
IS  in  the  row  next  to  the  fire,  and  while  the  automatic 
op  and  check  valve  on  the  boiler  operated  at  once,  the 
caping  steam  from  the  burst  tube  built  up  sufficient 
■essure  inside  the  walls  of  the  boiler  setting  to  blow 
)wn  the  first  baflle  wall  and  bulge  out  the  front  of  the 
liler  about  3  in.  At  the  same  time' it  blew  off  about 
df  of  the  bricks  on  top  of  the  boiler,  which  relieved  the 
■essure  and  the  damage  was  stopped.  Luckily  no  one 
as  hurt  as  the  fireman  had  just  stepped  to  one  side  of 
le  boiler  and  the  escaping  steam  and  water  around  the 
re-doors  did  not  reach  him. 

When  we  rebricked  the  setting  we  left  a  hole  about  3 
.  square   on   the  top  of  the  boiler,   which   we  covered 


with  a  i/i-in.  plate  with  a  layer  of  asbestos  on  it.  This 
being  light  will  lift  readily,  relieve  the  pressure,  and  save 
the  setting  in  the  event  of  another  occurrence  of  a  sim- 
ilar nature. 

We  intend  to  equip  all  our  boilers  in  this  way,  a.s  we 
feel  that  an  explosion  door  of  some  kind  is  necessary 
when  the  fire-doors  open  inwardly  (which  is  the  only 
way  any  fire-door  should  open)  as  it  can  readily  be  seen 
that  the  more  nearly  equal  in  strength  the  walls  of  the 
setting  may  be,  the  more  severe  will  be  the  damage. 

The  result  of  this  explosion  emphasizes  another  fact, 
that  all  boilers  should  be  equipped  with  stop  and  check 
valves,  as  in  this  case  the  hole  blown  in  the  top  of  the 
boiler  setting  was  just  where  a  man  would  have  to  stand 
to  .shut  off  the  stop  valve  to  the  boiler.  Had  the  auto- 
matic valve  not  operated  lie  could  not  have  closed  the 
other  valve  and  this  might  have  meant  a  complete  shut- 
down, as  a  pressure  of  150  lb.  blowing  to  the  atmosphere 
through  a  314-in.  hole  would  soon  fill  a  boiler  room  so 
full  of  steam  that  it  would  be  impossible  to  get  to  any 
valves  on  the  boiler.s,  especially  if  the  boiler  house  had  a 
low  roof. 

"Kwikgrip"  Pipe  Wrench 

This  wrench  differs  from  others,  in  that  it  is  made 
with  a  straight,  tempered  jaw  of  vanadium  steel.  As  in- 
dicated, the  toothed  jaw  is  in  alignment  with  the  handle 
and,  therefore,  is  in  line  with  the  force  of  application. 
The  smooth  jaw  is  at  an  angle  from  the  handle  and  re- 
ceives the  entire  impact  of  the  force  of  application  and, 
by  reacting  from  the  smooth  jaw  the  full  force  of  the  im- 


KwiKGiiiP  Pipe  Wrench 


pact  is  forced  to  the  teeth  which  locks  the  wrench  to  the 
pipe. 

The  steel  teeth  are  graduated  and  are  made  of  the 
proper  size  to  fit  various  sizes  of  pipe.  The  large  teeth 
are  in  the  outer  end  of  the  jaw  for  gripping  large  pipes, 
and  small  teeth,  at  the  inner  end  of  the  jaw,  for  small 
pipes. 

The  point  of  application  of  the  toothed  jaw  is  at  the 
top  center  of  the  pipe,  as  shown.  This  is  also  the  pivoting 
point  of  the  turning  force  and  as  the  handle  is  in  align- 
ment with  the  toothed  jaw,  the  greater  turning  force  ap- 
plied to  the  handle  the  more  firmly  the  teeth  grip  the 
pipe. 

This  wrench  is  made  in  seven  sizes  by  the  Prince-Groff 
Co.,  18-S2  George  St.,  Camden,  N.  J.  It  is  easily  applied 
to  the  pipe  in  any  position  and  the  tempered  teeth  stay 
sharp  for  a  long  time. 

Increased  Use  of  lyocomotlvc  Siiiierhcater.H — There  was  re- 
cently held  at  Cassel-Wilhelmshohe  a  celebration  to  com- 
memorate the  equipment  of  the  25,000th  locomotive  with  the 
Schmidt  system  of  superheating,  which  has  now  become  a 
standard  and  increasingly  popular  feature  of  locomotive 
practice.  Dr.  Schmidt's  first  superheater  to  be  applied  to 
locomotives  was  installed  in  1898  on  some  engines  of  the 
Prussian  State  Rys.  Schmidt's  pioneer  work  and  its  success 
encouraged    competition. 
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Current  Rectifiers 

By  Johx  a.  Handolpii 

There  are,  in  geueral,  six  tvpe?  of  apparatus  used  for 
converting  alternating  current  into  direct,  namely;  the 
rotary  converter,  the  motor-generator,  the  rectifying  com- 
mutator, the  aluminnm-vatYe  rectifier,  the  vibratory  type 
and  the  meronry-arc  rectifier.  The  most  widely  used  of 
these  are  the  rotary  converter,  the  motor-generator  and 
the  mercury-arc  rectifier.  The  others  are  more  or  less 
limited  in  their  application,  hence  iirc  not  so  geiici-Mlly 
employed. 

The  rotary  converter  and  the  motor-generator  are  the 
machines  most  commonly  iised  for  the  conversion  of  cur- 
rents in  large  quantities.  The  former  is  generally  em- 
ployed, but  the  latter  is  preferable  under  certain  condi- 
tions. One  advantage  which  the  motor-generator  possesses, 
when  its  motor  is  of  the  induction  type,  is  its  continuity 
of  operation  imder  fluctuations  of  voltage.  It  will  con- 
tinue to  operate  safely  on  a  variahle  alternating-current 
pressure  with  little  necessity  for  attention  on  the  part 
of  the  ojierator.  Moreo\er,  if  the  power  supply  should 
be  momentarily  interrupted  and  return  quickly,  the 
motor  will  at  once  taJce  up  its  work  again  without  caus- 
ing the  inconvenience  of  a  s))ecial  starting  procedure. 
The  rotary  converter,  on  the  other  hand,  being  a 
synchronous  machine,  may  fall  out  of  step,  under  such 
a  contingency,  and  thereby  require  the  time  and  incon- 
venience incident  to  synchronizing  again  before  it  can 
continue  its  operation. 

Another  advantage  of  the  motor-generator  is  its  in- 
dependent direct-current  voltage  control.  The  direct- 
current  end  of  the  machine  being  entirely  separate  elec- 
trically from  the  alternating-current  end,  the  direct- 
current  voltage  may  be  varied  at  will  without  recourse 
to  a  corresponding  variation  in  the  alternating-current 
pressure.  Also,  it  possesses  an  advantage  in.  that,  by  the 
use  of  a  high-voltage  motor,  it  may  be  connected  directly 
to  a  high-tension  supply  without  the  use  of  transformers. 

Under  the  conditions  most  commonly  eucounter(><l. 
however,  the  rotary  converter  is  nmch  to  be  preferred  to 
the  motor-generator.  In  the  first  place,  its  first  cost  is 
lower  and  its  efficiency  higher  in  that  it  consists  of  liut 
one  machine  instead  of  two.  Moreover,  the  ttottr  space 
which  it  occupies  is  smaller.  The  moving  parts  and  wind- 
ings are  less  in  number,  thereby  rendering  repairing  and 
renewals  less  fretpieut.  The  general  attention  required 
is  also  less  on  account  of  its  comiiactness. 

Rkc'tiktixg  Coir. vri'TA tor 

This  method,  shown  in  Fig.  1,  is  used  principally  in 
connection  with  composite  field  excitation  of  alternators. 
In  this  case  the  commutator  is  mounted  on  an  extension 
of  the  armature  shaft.  If  separately  driven  it  must  bo 
at  a  speed  synchronous  with  the  alternating-current  sup- 
ply. The  number  of  segments  corresponds  to  the  number 
of  field  poles  of  the  alternator.     All  segments   of  even 


number  are  connected  together  as  are  also  the  odd-num- 
bered segments.  From  one  of  these  common  connections 
a  lead  is  run  to  the  armature  circuit  and  from  the  other 
to  one  of  the  slip  rings,  as  shown.  The  two  brushes  aiv 
so  spaced  that  one  makes  contact  with  an  odd-numbcnil 


Fig.    1.     CONNECTIOXS    FOU    ]?r.rTIKYING    COilMUTATOR 

segment  at  the  same  time  that  the  other  is  bearing  upon 
a  segment  of  even  n\unber.  The  commutator  moves  for^ 
ward  one  space  or  segment  with  each  reversal  of  current 
following  the  movement  of  the  armature  coils  from  pole 
to  pole.  This  causes  each  commutator  brush  to  bear  al- 
ternately upon  the  two  sets  of  segments,  in  synchronism 
with  the  reveisal  of  current  in  the  armature.  By  traciiii: 
the  current  flow,  it  will  be  .seen  that  the  current  passiiii; 
through  the  circuit  leading  from  the  commutator  brushes 
can  flow  in  but  one  direction.  A  shunt  can  be  iised  in 
case  it  is  desired  to  rectify  Init  a  ])art  of  the  current.     _ 

Al.r.\IINL".\[-A'.\l.VK    KhX'I'IKIEIi  I 

This  type  makes  use  of  the  ]irinciplc  that  aluminuni 
plates  or  electrodes  in  certiiin  solutions  will  allow  cur- 
rent to  pass  through  them  in  but  one  direction,  namely, 
inwardly  from  the  solution.  The  aluminum  plates  can 
therefore  be  used  only  as  cathodes  or  negative  plates  to 
which  the  current  flows  within  the  rectifier.  Two  alum- 
inum electrodes  and  one  of  inui  are  immersed  in  a  neutral 
solution  of  ammonium  ]ihosiihate.  as  shown  in  Fig.  2. 
The  iron  ])late  com])rises  the  anode  or  j)ositive  plate  from 
which  the  current  flows  within  the  rec-tifier.  The  cathiMles 
are  each  connected  to  a  terminal  of  a  transformer  while 
the  iron  anode  is  connected  to  one  terminal  of  the  bat- 
tery to  be  charged.  The  other  battery  terminal  is  con- 
nected to  the  middle  ^loiiit  of  an  auto-transformer  con- 
nected across  the  two  scconilary  leads  from  the  sujiiily 
transformer,  as  shown.  At  a  moment  when  the  terminal 
A  of  the  supply  traii.sformer  is  positive,  the  current  will 
flow  as  shown  by  the  solid  arrows.  The  cathode  ('  will 
not  allow  current  to  flow  through  it  in  this  direction  bo- 
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aiisc  (if  a  film  nl'  aluiiiimun  oxide  on  its  surface  wliich 
ip  to  a  pressure  of  150  volts  offers  a  very  high  resistajice 
)  cnirrents  tending  to  flow  in  this  direction.  The  cur- 
?nt,  tlierefore,,  flows  to  the  point  E  where  it  is  forced 
jward  the  battery,  owing  to  the  fact  that  the  other  half 
r  of  the  auto-transformer,  acting  a.s  the  secondary  of  a 
ausfornier  of  which  the  coil  G  is  the  primary,  establishes 

pressure  acting  toward  the  point  E  which  prevents  the 
brreiit  from  flowing  beyond  E  and  through  the  coil  H. 
loreover,  the  coil  H  sets  up  a  current  toward  E  which  is 
|f  the  same  magnitude  as  tliat  in  coil  G  and  is  added  to 
[.  The  comi)ined  currents  flow  through  the  battery  to 
he  iron  ajiode,  thence  to  the  cathode  I)  from  which  they 
|ow  t<)  the  tcrniinal  F  of  the  auto-transformer  where  the 
jortion  supplied  by  coil  II  is  diverted  to  the  coil  t(j  com- 
lete  its  circuit.  Tlie  main  curi'ent  continues  to  terminal 
'  of  the  supply  transformer. 

In  the  next  half  period,  when  the  direction  of  current 
\i  the  supply  mains  is  reversed,  the  path  through  the 
ectifier  and  battery  will  be  a.s  shown  by  the  dotted  ar- 
pws.     The  plate  ('  now  becomes  the  active  cathode. 

This  type  of  rectifler  is  limited  on  the  direct-current 
fde  to  a  voltage  of  approximately  55  and  a  current  of 
bout  35  amp.,  owing  to  the  heating  tendency  of  the  cell, 
t  also  has  a  disadvantage  in  that  its  efficiency  is  low.  On 
ecouut  of  its  limitations  and  (comparatively  high  i-ost 
f  operation,  it  has  not  i-ome  into  general  use. 

The  Vibkatoky  Reotifiek 

This  type  is  often  used  for  charging  ignition  and  light- 
ig  batteries  on  automobiles  and  for  other  purposes  re- 
uiring  only  a  small  current.     Two  types  are  made;  one 
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jtilizes  but  a  single  wave  of  each  alternating-current 
ycle  while  the  other  utilzes  both  waves.  In  the  former 
r  single-vibrator  type  there  is  a  solenoid  which  acts 
pen  a  vibrator  or  spring .  Connections  are  so  made  that 
.'hen  the  alternatiug-eu  (rent  wave  is  in  one  direction, 
ic   s))ring   nrmaturc    is   attracted    by  the   solenoid,    and 


makes  contacts  such  that  the  current  of  a  high  portion 
of  the  wave  is  utilized  by  the  battery.  In  the  next  half 
cycle,  however,  when  the  current  is  reversed,  the  arma- 
ture is  rclea-sed,  stopping  the  flow  of  current  in  the 
charging  circuit   until   the   next   reversal   of   alternating 
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current  when  the  wave  takes  the  same  direction  as  at 
tirst. 

In  the  double-vibrator  type,  two  solenoids  are  used  with 
either  a  separate  vibrator  for  each  solenoid  or  one  vibra- 
tor in  common  for  both.  Connections  are  so  made  with 
the  solenoids  and  vibrator-c'ontroUed  contacts  that  both 
halves  of  the  alternating-current  cycle  are  utilized. 

The  vibratory  rectifiers  are  low  in  capacity  and  can 
therefore  be  readily  connected  by  lamp  cord  and  plug 
to  an  incandescent-lamp  socket.  Their  small  size  and 
light  weight  renders  them  ea.sily  portable,  thus  afl^ording 
a  ready  means  of  charging  the  battery  when  only  an 
alternating-current  supply  source  is  available. 

Thic  Mercury- Vapo]{  Arc  Rectifier 
This  is  the  type  of  rectifier  most  commonly  used  in 
cases  where  the  rotaiy  converter  or  motor  generator  is 
not  employed.  It  consists  primarily  of  a  glass  bulb  from 
which  the  air  has  been  exliausted  and  which  contains 
two  anodes  usually  of  graphite  and  a  cathode  of  mercury. 
The  operation  depends  upon  a  check-valve  tendency 
of  the  mercury  cathode  whereby  current  can  flow  through 
it  in  but  one  direction,  namely,  from  the  anodes.  This  is 
due  to  a  high  resistance  which  develops  at  the  surface 
of  the  cathode  pool  at  the  slightest  interruption  of  the 
current.  Therefore,  if  a  current  passing  through  the 
cathode  from  an  anode  were  to  drop  to  zero  and  tend 
to  change  its  direction,  as  in  an  alternating-current  cycle, 
it  would  at  once  encounter  the  cathwle  resistance  and  be 
stopped. 
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Tlie  curreut  is  enabled  to  pass  through  the  bulb,  when 
maintained  in  the  proper  direction,  by  means  of  mercury 
vapor  which,  during  operation,  completely  fills  the  bulb. 

The  connections  for  a  rectifier  of  this  type  are  shown 
in  Fig.  3;  A  and  A'  are  the  graphite  anodes,  ('  the  mer- 
cury cathode,  and  <S'  a  starting  anode  at  which  is  also  a 
jjool  of  mercury,  but  in  a  smaller  quantity  than  at  the 
cathode. 

In  starting,  the  single-pole  switch  /'  is  closed  aiul  the 
bulb  tilted  until  the  two  mercury  pools  come  together. 
The  bulb  is  then  rocked  backward  so  that  the  mercury 
pools  fall  apart,  drawing  an  arc  as  they  recede.  This 
breaks  down  the  resistance  twisting  at  the  surface  of  the 
cathode  pool  while  cold,  and  thereby  causes  mercury  vapor 
1(1  form.  The  latter  fills  the  bulb  and  comes  into  contact 
with  the  anodes,  thereby  causing  the  rectifying  action  of 
the  bulb  to  start.  The  single-pole  switch  P  is  now  opened, 
'i'he  current  required  for  starting  is  small  and  is  regu- 
lated by  the  resistance  shown  in  series  with  the  starting 
;ino<le. 

At  a  UHjuient  when  the  teriuiiuil  T  of  the  supjjly  trans- 
Idrmcr  is  positive,  the  direction  of  current  flow  will  be 
as  shown  by  the  solid  arrows.  It  enters  the  tube  by 
anode  A,  leaves  by  cathode  C,  passes  to  the  load  and 
thence  to  the  choke  coil  R  whence  it  tiows  back  to  the 
transformer.  At  the  next  instant,  when  the  reversal  in 
alternating  current  takes  place,  A'  will  become  the  active 
anode.  However,  as  an  alternating  current  passes  through 
zero  in  changing  its  direction  to  accord  with  the  second 
half  of  the  cycle,  the  arc  between  either  anode  and  cathode 
must  have  an  auxiliary  force  to  sustain  it  until  the  pres- 
sure in  the  second  half  cycle  has  risen  to  a  value  sufficient 
to  establish  an  arc  from  the  other  anode.  If  the  arc  were 
not  thus  sustained,  it  would  cease  and  thereby  stop  the 
aciion  of  the  bulb.  Two  choke  coils  are  used  for  this 
purpose,  one  for  each  anode.  When  the  current  flow  is 
ilianging  from  anode  A  to  A'  the  are  hitherto  existing 
between  A  and  ('  is  maintained  by  the  self-inductive  ac- 
tion of  the  choke  coil  R  which  upholds  the  arc  until  the 
current  flow  is  established  from  the  anode  A'.  The  direc- 
tion of  current  is  now  as  shown  by  the  dotted  arrows. 
Leaving  the  terminal  T"  the  current  flows  through  the 
rectifier  by  way  of  anode  A'  and  cathode  C,  thence  pass- 
ing through  the  load  and  choke  coil  A"  to  the  transformer 
terminal  T.  The  arc  is  sustained  at  the  next  reversal  by 
the  choke  coil  R'. 

The  mercury-vapor  arc  redHier  is  couiuiouly  used  on 
single-phase  circuits.  The  voltage  drop  in  the  rectifier 
ranges  from  14  to  25  volts,  depending  upon  the  purpose 
for  which  the  rectifier  is  used.  The  current  limit  for 
which  glass  bulbs  can  be  nuule  is  about  SO  amp. 

The  life  of  the  bulbs  is  at  least  500  hr.  under  normal 
conditions  and  with  careful  usage  is  likely  to  he  much 
longer.  The  size  and  shape  of  the  l)ulb  are  dependent 
u]iou  the  voltage  to  be  used  and  upon  the  current  which 
it  is  to  carry.  If  the  voltage  is  to  be  high,  careful  pre- 
cautions should  be  ob.«erved  in  placing  the  anodes.  They 
should  be  so  arranged  that  they  ca7\not  be  short-circuited 
by  spatteriugs  of  mercury  which  would  allow  the  curreut 
to  jump  across  and  stop  the  o]K'ration.  Short-circuits  of 
this  lurture  are  also  likely  to  danuige  the  bulb.  The  cross- 
sectioiuil  area  of  the  bulb  must  be  larger  for  heavy  cur- 
rents than  for  those  of  lower  value  in  order  that  the 
volume  of  mercury  vapor  may  be  sufficient  to  carry  the 
load.     The  size  of  the  cooling  chamber  is  also  dependent 


u))on  the  capacity  of  the  rectifier.  The  greater  the  quan- 
tity of  mercury  vapor  formed,  the  larger  should  be  ili(f 
cooling  chamber  in  order  to  prevent  overheating  and  also 
to  accomplish  the  condensation  with  sufficient  rapiditv. 
Standard  rectifier  outfits  are  usually  designed  for  an 
alternating-current  frequency  of  60  cycles,  but  they  cun 
be  adapted  to  frequencies  ranging  from  25  to  140  cycles. 
The  power  factor  of  the  system  is  about  S)0  ])er  cent, 
under  normal  conditions.  The  efficiency  ranges  from  7.'i 
to  SO  per  cent.,  depending  upon  the  direct-current  volt- 
age carried,  the  efficiency  increasing  with  the  voltage. 


Uses  of  the  MEitruin- Vapor  Akc  Rectifieh 
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The  most  important  purjwse  for  which  this  rectifier' 
is  used  is  battery  charging  in  connection  with  automo- 
biles, telegraph  .systems,  annunciators,  motor  boats  and 
other  apparatus  or  systems  making  use  of  batteries  ol 
small  capacity.  It  can  be  readily  adjusted  to  any  num- 
ber of  cells  within  standard  limits  by  taps  on  the  trans- 
former. Its  next  most  important  field  is  arc  lighting. 
It  is  here  used  to  o})erate  constant-current  series  arc- 
lighting  systems  and  also  to  su])ply  direct  current  for  the 
arc  lights  used  in  moving-picture  machines.  It  is  \ised 
for  the  latter  purpose  because  of  the  superiority  of  the 
direct-current  arc  over  that  supplied  by  alternating  cur- 
rents, for  this  class  of  work.  This  is  because  in  the  al- 
ternating-current arc  the  light  is  distributed  over  the 
whole  arc  while  in  the  direct-current  arc,  it  is  concen- 
trated at  one  point,  namely,  the  crater  on  the  positive 
carbon.  The  concentration  of  the  light  source  renders 
the  projection  of  the  emanating  rays  through  a  lens  more 
satisfactory  than  with  the  alternating-current  arc.  The 
mercury- vapor  arc  rectifier  is  also  used  for  laboratorv 
work,  electrolytic  processes  and  other  purposes  where 
small  direct  currents  arc  required. 

The  comparatively  low  first  cost,  ease  of  operation 
fairly  high  efficiency,  aiul  the  relatively  wide  range  foi 
adjustment  of  currents  and  voltages  are  some  of  the  mon 
important  advantages  of  this  type  over  other  forms.  Otliei' 
points  in  its  favor  are  the  small  space  which  it  occu]ne' 
and  its  freedom  from  moving  parts  which  would  requin 
constant  attention  and  care. 


An  English  Enpineer'H  Viewpoint — In  his  inaugural  ad 
dress,  Chairmiin  Vernier  of  the  Newcastle  Section,  Inslitutio 
of  Electrical  Engineers,  in  reviewing  the  status  of  electrica 
development  in  England,  paid  a  high  compliment  to  th 
progress  made  in  these  lines  in  this  country.  His  remark 
were    in    part   as    follows: 

"The  hindrances  to  our  progress  are  by  ]io  means  technics 
in  character,  and  it  is  true  that  the  world's  achievements  i 
electrical  and  mechanical  engineering  are  far  in  advance  t 
any  of  the  possible  requirements  of  this  country  (England 
for  m.any  years  to  come.  When  we  learn,  as  from  the  Unite 
States,  of  30,000-kw.  turbo-generators,  of  w^hich  seven  ai 
already  under  construction,  the  daily  operation  of  high-voll 
age  overhead  transmission  up  to  140,000  volts  and  coverin 
distances  up  to  240  miles,  of  300,000-hp.  central-station  dc 
velopments  and  the  electrification  of  some  hundreds  of  milt 
of  main-line  railway,  we  need  have  no  fear  as  to  the  abilil 
of  engineers  to  keep  pace  with  the  world's  industrial  d' 
mands.  But.  for  ourselves,  can  we  ever  hope  to  maintain  oi 
position  in  the  electrical  engineering  world  if  we  are  coiitei 
to  allow  our  electric  supply  industry  to  develop  along  i 
narrow  way:  indeed,  have  we  not  already  lost  too  mm 
ground?  What  trairing  ground  shall  we  offer  the  rising  go 
eration  of  British  el'ctrical  engineers  if  we  wish  to  take  o 
part  in  the  electrical  development  of  our  Empire  over  se, 
and  how  shall  our  electrical  manufacturers  assume  thf 
proper  place  in  the  mark^-ts  of  the  world  when  handicapp 
at  home  by  a  restricted  market,  which  might  easily  be  i 
creased   to   many    times    its    present   proportions?" 
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Fuels  for  Diesel  Engines* 

The  following  points  relative  to  oil  fuel  are  taken  from 

report  of  Alfred  Biic-hi  in  "Zcitschrift  des  Vereines 
)eutsclier  Ingenieiire."  They  are  concerned  chiefly  with 
ata  in  the  matter  of  low-volatile  oils  and  uf  their  prop- 

•ties  as  determining  their  suitability  for  use  in  Diesel 
figiues,  as  well  as  with  the  develo])ment  of  the  Sulzer 
^'pe  of  that  engine  into  large  power  units. 

Regarding  the  fitness  of  fuel  for  Diesel-engine  opera- 

on  the  principal  factors  are  heat  value,  viscosity,  volatil- 
iy  and  percentages  of  ash,  sulphur,  water,  free  carbon, 
pke,  etc.  Comparison  is  made  in  the  accompanying 
liart  of  such  properties  of  fuels  of  low  volatility  as  are 
laiiily  taken  into  account  for  the  o])eratioii  of  Diesel 
iigincs. 

Line  1  shows  the  lange  of  minimum  heat  values;  the 
lieaper  fuels  especially  appearing  mucli  lower  in  that 
aspect  than  the  more  expensive  gas  and  paraffin  oils,  a 
pint  to  be  kept  in  mind  in  considering  prices.  Gas  oil 
as  a  heat  value  per  pound  of  18,000  or  more  B.t.u.,  and 
pal  oil  from  about  15,500  to  16,600;  while  in  a  pound 
t  tar  from  the  horizontal  type  of  retort  there  is  an 
^'erage   of  but    14,800   B.t.u.      Similar  fuels  also   show 

fluctuation  of  heat   values ;  this  dropping  notably  in 
he  presence  of  a  greater  water  content. 
(  Line  2  gives  the  specific  gravities  which  increase  with 
;ie  heat  value. 

,  Line  3  shows  the  viscosity  as  dependent  on  the  teni- 
iCrature  and  points  out  for  given  cases  the  greater  or 
psser  need  for  warming  the  fuel  prior  to  introduction 
[ito  the  engine  cylinder.  While  the  viscosity  of  the  first 
hree  fuels  differs  but  little  from  that  of  water,  the  last 
pur  are  very  high,  and  with  them  i)reheating  is  neces- 
py;  this  should  be  extended  to  between  140  and  175  deg. 
f.  to  assure  their  uninterru])ted  flow  to  the  fuel  pump  and 
lie  injection  valve.  From  the  last  column  it  is  evident 
hat  the  degree  and  variability  of  viscosity  of  the  tar 
btained  from  horizontal  retorts  militates  strongly  against 
ts  use. 

In  line  4  arc  given  the  approximate  temperatures  of 
olidification  of  the  different  fuels  under  consideration, 
^hese  temperatures  are  mostly  below  33  deg.  F. ;  the  tars, 
owever,  due  to  their  high  viscosity,  begin  to  form  pasty 
lasses  at  relatively  high  temperatures. 

Line  5  gives  evaporation  curves  for  different  tempera- 
Lires.  Oils  which  contain  easily  evaporated  elements  are 
lore  readily  ignited  in  the  cylinder.  Failing  in  ease  of 
vaporation  it  becomes  necessary  to  increase  their  inflam- 
lability  by  other  means,  for  instance,  through  tempera- 
ure  rise,  and  it  then  becomes  compulsory  to  introduce 
eforehand  some  special  oil  for  ignition,  such  as  the 
eadily  inflammable  gas  and  paraffin  oils.  Such  addition 
mounts  to  about  5  to  10  per  cent,  of  the  operating  fuel, 
ut  continuous  operation  with  tar  oil  has  been  accom- 
lished  without  this  addition.    The  chart  shows  that  coal- 

•Translatcd   by  V,'.  P.  Monaehan. 
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tar  oil  is  lacking  in  constituents  vaporizable  at  low  tem- 
perature, and  a  curve  (in  dotted  line)  is  added  to  show 
that  its  volatile  properties  vary  greatly  with  its  compo- 
sition. The  tars  contain  more  of  such  elements  than 
do  tlif  tar  oils,  as  is  also  evident  from  the  curves  and 
as  borne  out  by  jiractical  investigations  of  their  use  in 
]n'ime  movers. 

The  data  from  an  average  elementary  analysis  as  pre- 
sented in  line  6  show  the  carbon  and  hydrogen  as  the 
mean  of  a  series  of  analyses ;  the  remaining  constituents 
ai'e  grouped.  It  is  characterisf-ic  of  gas  oil  and  of  paraffin 
oil  that  their  content  of  hydrogen  is  relatively  high  an 
compared  with  that  of  oils  and  tars  yielded  by  bitumin- 
ous coals.  Hydrogen  raises  the  heat  value  and  fuels  rich 
in  that  elemenl  pniduce  a  more  jiowerful  cylinder  igni- 
tion. 

The  ash  content,  line  7,  is  important  with  liquid  fuels 
only  in  the  case  of  those  recovered  from  bituminouf-  loals. 
It  can,  of  course,  make  itself  disturbingly  noticeable  with 
Masut,  the  residue  of  naphtha  distillation.  Ash  has  a 
harmful  effect  on  the  valves  and  pistons  and  nuiy  also 
tend  to  clog  the  piping. 

The  sulphur  percentage,  line  8,  is  more  or  less  a  detri- 
ment, especially  in  the  presence  of  water :  sulphuric  or 
sulphurous  acid  results  with  consequent  engine  corrosion. 

A  small  water  content  in  the  fuel  is-  not  directly  in- 
jurious, merely  lowering  the  heat  value.  However,  if  the 
amount  be  greater  than  0.5  to  1  per  cent.;  see  line  9,  the 
continuity  of  ignition  may  be  interrupted.  Leaving  such 
fuel  standing  for  some  time  separates  the  watei',  though 
this  can  be  accomplished  more  quickly  by  centrifugaT 
action. 

Lines  10  and  11  give,  respectively,  the  contents  of 
free  carbon  and  coke  which  play  an  important  part  in 
the  adapability  of  the  fuel  as  they  can  also  unfavorably 
affect  the  life  of  the  pistons,  valves,  etc.,  and  the  working 
efficiency  of  the  engine.  For  the  tars  from  inclined  and 
horizontal  retorts  these  values  are  almost  prohibitively 
high.  When  these  two  components  are  materially  less- 
ened in  amount  the  use  of  gas  tars  can  be  assured,  as  it 
is  these  alone  wliich  still  pi'escnt  difficulties  in  that  di- 
rection. 

Concerning  the  field  of  usefulness  of  crude  tar  from 
inclined  retorts,  as  furnished  by  gas  works,  practical  tests 
have  already  been  made  with  a  four-.stroke-cycle  Diesel 
engine  of  800  hp.  built  by  Sulzer  Brothers  in  1908  for 
the  St.  Gallen,  Switzerland,  water-works;  a  continuous 
run  of  eight  full  days  under  normal  duty  having  been 
maintained.  In  comparison  with  the  use  of  gas  oil  there 
was,  however,  a  greater  wear  of  the  exhaust  valves.  With 
a  two-stroke-cycle  engine  where  the  exhaust  is  tlirough 
ports  in  the  cylinder  walls  and  controlled  by  the  main 
piston  the  condition  would  not  obtain.  The  test  showed 
that,  with  a  greater  allowance  for  depreciation,  operation 
with  tar  from  inclined  retorts  is  practicable  and  the  St. 
Gallen  gas  works  are  enjoying  a  very  considerable  saving 
thereby.     This  plant  serves  a  city  of  about  50,000  in- 
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labitants  and  has  a  yearly  hyprodurt  of  tar  of  about  1500 
ons,  yielding,  at  $4.76  a  ton,  a  return  of  $7140.  But 
nth  this  quantity  of  tar  it  would  be  possible  also  to  geu- 
irate  four  million  kilowatt-hours,  for  which,  if  tar  oil 
rere  used,  about  1330  tous  would  be  required,  represeut- 
pg  in  cost  nearly  .$17,-4(1(1.  Thus  through  the  change 
rom  tar  oil  to  tar  an  annual  saving  of  over  $10,800  is 

ffeeted.  If  the  depreciation  charge  were  increased  by, 
■Ay.  $3400,  there  would  still  remain  a  net  yearly  saving 
if  liver  $7850;  proving  that  a  municipal  administration 
vould  do  well  to  utilize  tlie  tar  from  its  gas  works  For 
lower  production. 

The  naphthalene  content  of  lar  ml  an<l  of  gas-works 
ars  is  given  in  line  13.  At  low  temperatures  naphtha- 
me  crystallizes  out  and  hence  causes  clogging  of  pi|ies, 
itc.  In  that  case,  as  for  the  higher  viscosities,  prelieat- 
ng  of  such  fuel  is  necessary. 
The  last  two  lines  give  the  flash  and  ignition  points, 

hich  are  of  moment  in  the  matter  of  fire  risk.  They 
how  that  this  factor  is  negligible  with  fuels  used  in 
Jiescl  engines,  and  for  that  reason  the  installation  of 
uch  engines  and  of  their  fuel  tanks  is  not  sub.ject  to 
pecial  legal  sui)ervision. 
As  seen  from  the  foregoing,  it  is  hard  to  say  in  advance 

hether  this  or  that  fuel  is  ap])ropriate  for  Diesel-engine 

,usuniption.  A  knowledge  of  the  physical  and  chemical 
)roperties  does  not  suffice  for  all  cases;  hence  a  trial  run 
s  often  requisite  before  the  fitness  of  a  fuel  can  be  de- 
ermined  with  certainty. 


The  Decline  of  Oil  Wells 

Technical  Paper  51.  by  L.  (i.  Tluntley,  just  issued  by 
he  Bureau  of  Mines,  comments  upon  the  probable  causes 
tpf  the  decline  of  oil  wells.  It  points  out  that,  in  general, 
he  yield  of  a  well  declines  in  one  or  both  of  two  ways: 
l^uddenly,  after  the  initial  spurt,  due  to  local  relief  of 
pressure,  or  with  relative  slowness  after  the  production 
las  become  settled. 

The  initial  spurt,  which  in  many  cases  represents  the 
lowing  period  of  a  well's  life,  is  due  to  a  relief  of  the 
upersaturated  condition  of  the  sand.  The  sudden  release 
4'  pressure  results  in  a  s]>urt  of  petroleum,  usually  in 
he  form -of  an  emulsion  with  spray,  caused  by  the  ex- 
lansion  of  the  contained  gases,  that  lasts  for  a  variable 
ime.  The  duration  of  this  period  of  high  production 
lepeiuls  on  local  comlitions  such  as  the  ])orosity  and 
Jtructure  of  the  sand,  extent  of  the  ])(M)1,  rock  pressure, 
■tc. 

The  extent  and  rapidity  of  the  su<ieeding  decline  is 
jovernod  by  several  factors  which  may  be  (4assificd  as 
ollows ; 

1.  Forniatiou  of  waxy  sediuu>nts  that  obstruct  the 
lassage  of  oil  from  the  sand. 

2.  Decline  of  gas  pressure  in  the  district. 

.1.  Decrease  in  quantity  of  oil  draining  by  gravity 
uto  the  area  affected  by  the  well. 

i.  Decrease  in  oil  supply  within  drainage  area  <>(  well 
lue  to  near-by  developments. 

5.  Flooding  by  nonencroai4iing  salt  water  under  low 
pressure. 

6.  Flooding  by  salt  water  under  high  jircssuii'. 

7.  Flooding  by  fresh  water  from  the  surface  or  from 
lu  ovtjrlying-  water-bearing  formation. 


8.  Poor  management,  such  as  improper  casing,  unwise 
rate  and  time  of  pumping  and  failure  to  clean  the  well. 

The  author  discusses  in  detail  each  of  the  foregoing 
causes.  Of  particular  intere.st,  however,  is  the  decline 
due  to  the  formation  of  waxy  sediment.  Petroleum  in 
the  so  called  j)arattin-oil  fields  consists  of  hydrocarbons 
of  the  paraffin  series,  which  range  From  the  heaviest  oil 
to  the  lightest  gas.  The  gaseous  constituents  exist  in 
what  nniy  be  likened  to  a  solution  similar  to  the  gas  in 
a  bottle  of  soda  water,  and  as  such  expand  and  escape 
when  the  pressure  is  relieved  by  a  Avell.  The  sudden  ex- 
))ansion  and  volatilization  of  these  light  hydrocarbons 
has  a  refrigerating  efli'ect,  like  the  expansion  of  ammonia 
in  an  ice  machine,  thus  chilling  the  remainder  of  the 
liquid  petroleum  and  causing  the  separation  of  the  heav- 
iest paraffin  as  an  amdrplnuis  waxy  sediment.  This 
clogs  the  pores  of  the  sand  and  obstru(-ts  the  passage  oF 
the  oil  into  the  well. 

Trouble  with   Magneto 

.V  peculiar  and  unusual  cause  oF  trouble  with  a  mag- 
neto recently  came  under  my  iibsei-\at  imi.  The  machine 
had  been  overhauled  by  a  tirst-(dass  machinist  and  all 
the  adjustments  were  mechanically  perfect;  yet  the  out- 
put was  only  about  30  ]ier  cent,  of  what  it  should  have 
been. 

The  insulation  was  carefully  examined,  as  also  were 
all  the  contacts.  Tests  were  made  For  short-circuits,  but 
the  trouble  could  not  be  located.  Finally,  as  the  field 
seemed  to  be  very  weak,  the  comjiound  horseshoe  mag- 
nets were  dismounted  to  see  if  they  were  losing  their 
magnetism. 

The  magnets  were  found  to  be  all  right .  but  a  simple 
test  revealed  the  fact  that  one  oF  them  had  been  turned 
around  so  that  its  magnetism  ojijiosed  that  oF  the  other 
two. 

On  reassembling  the  magnets  in  their  i-orrect  position, 
the  ))erforinance  oF  the  miichiiie  was  I'litiridy  satisfactory. 

B.    COIM'INU. 

Kankakee,   III. 

Cleaning  Producer  Gas 

Replying  to  K.  D.  Harger's  inquiry  in  the  Oct.  38  is- 
sue, on  (4eaJiing  producer  gas  for  jiur))oses  of  analysis, 
we  have  analyzed  su(4i  gas  in  the  Orsat  and  the  only  filter 
used  was  cotton  packed  loosely  in  a  glass  tube  about  ('< 
in.  long  and  -'/i-in.  or  y^-iu.  bore  with  a  stop])er  in  eatdi 
end  in  Avhich  was  inserted  a  .glass  tube  for  the  rubber- 
tube  coniiecti<ins.  The  gas  shoubl  be  drawn  fir  forced 
through  a  i'v^v  Feet  of  snuill  pi]ie  so  it  will  become  cooled. 

IF  1  had  bis  jiroblem  to  solve  1  would  make  a  cotton 
liltei'  of  a  si/e  ]n'o]iortionate  to  the  demand  For  gas.  The 
cooler  the  gas  enters  the  filtering  material  the  better  it 
will  be  filtered. 

^^'e  have  used  F<ir  the  past  Four  years  a  Filtei-  30  in.  in 
diiiiiieter  by  4  ft.  high  for  the  final  cleaning  of  the  gas 
licF(i]-e  it  passed  into  the  cylinders  oF  a  135-hp.  engiiu'. 
The  filter  had  three  trays  on  wbicdi  were  packed  white 
waste  witli  a  layer  of  cotton  batting  on  top  of  the  waste 
in  the  top  tray.  I  think  a  properly  arranged  Filter  with 
sawdust  for  the  filtering  material  ought  to  give  good 
results. 

Anderson,  Ind.  J.  0.  Benki'ikl. 
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Cost    of    Manufacture    in    Distilled-  relationship  t..  the  ..utpnt.  and  «n.  the  ones  usually  taken 

T          r>l           *  "^*°  account. 

Water    Ice    rlantS  For  the  sake  of  couveuieuce  the  output  for  330  day. 

Rv  Pftfi-   Xfff  ^^'^  ^^^^^  ^^  '^  year's  production,   as  all  plauts  should 

have  a  period  of  shutdown  for  overhauling.     Then  three 

In  general  the  manufacturing  cost  of  ice  per  ton  in  any  periods,  varying  by  50  days,  viz.,  280,  230  and  180,  were 

l)lant  is  the  total  amount  expended  during  the  year  in  its  taken  as  representing  productive  periods.     This  <li vision 

TABLE  1.      INVESTMENT  AND  FIXED  CHARGE  IN  DOLLARS  FOR  STANDARD  DISTILLED-WATEH  ICE  PLANTS 

Daily  Capacity  of  Plant  in  Tons              10                  15                 20  25                 311  a5  40  50                 60  80  100 

Buildines                    -t.OOO            5,000            6.000  6,700            S,000  9,500  10,500  11,500  12,500  15,500  19,000 

Eauioment       8.000          11,000           13,000  16,000          18,000  22,000  25,000  29,000  32,000  42,000  .56,(X)0 

Investment'                   12,000          16,000           19.000  22,700          26,000  31,500  35,500  40,500  44,500  57,500  75.000 

Fixed  charges* 1.800            2,400            2,850  3,405            3,900  4.725  5.325  6,075            6,675  8,625  11.2.50 

*  Composed  of  6  per  cent,  depreciation.  5  per  cent,  repairs,  4  per  cent,  insurance  and  taxes. 

TABLE  2.      TONS    OF  ICE  PRODUCED  AND  FIXED  CHARGE  PER  TON  IN  DOLLARS 

Daily  Capacity  of  Plant  in  Tons  10  15  20                 25  30  35                 40  .50                 60  SO                 100 

Tonnaee — 180  days 1800  2700  3600  4500  5400  6.300            7,200  9,000  10,800  14,400  18.000 

Chareeper  ton  100  0.89  0  79  0.76  0  72  0,75             0.74  0  68  0.62  0.60  0.63 

Tonnaee— 230  days 2300  3450  4600  5750  6900  8,050            9,200  11,500  13.800  18,400  23.000 

Chareeper  ton 0.78  0.70  0.62  0.59  0  57  0.59             0  58  0  53  0  48  0  47  0  49 

TonnaKC— 280  days 2800  4200  5600  7000  8400  9,800  11,200  14,000  16.800  22,400  28,000 

Charee  per  ton     0  64  0.57  0.51  0.49  0.47  0.48             0  48  0  43  0  40  0  39  0  40 

Tonnase— 330  days 3300  4950  661X)  8250  9900  11.550  13,200  16,.500  19,800  26,400  33,000 

Chargeperton 0.55  0.49  0.43  0.41  0.39  0.41              0.40  0  37  0.34  0  33  0  34 

production  divided  by  the  number  of  tons  of  ice  sold,  is  purely  arbitrary,  and  has  been  used  simply  for  con 

Ideas  as  to  what  items  are  a  legitimate  charge  will  vary  venience,  but  serves  to  cover  the  various  productive  pe^ 

somewhat,  but  to  my  mind  they  are:  Depreciation,   re-  riods  as  found  in   ice  plants.     While  the  computationi 

pairs,  insurance  and  taxes,  labor,  fuel  and  sundries  (oil,  herewith   are  based   on  ammonia-compression   plants,  ii 

waste,  ammonia,  salt,  etc.)  view  of  the  fact  that  all  the  distilled  water  comes  fron 

The  first  three  of  these  items  may  be  termed  the  fixed  the  boilers  they  will  apply  equally  well  to  absorption  anc 

charge.  They  are  not  dependent  on  the  output,  run  over  to  plants  where  other  than  ammonia  is  used  for  the  re 
the  entire  year,  and  may  even  be  greater  when  the  plant ,  frigerant. 

TABLE  3.     COST   OF  LABOR  FOR  STANDARD   DISTILLED-WATEH    ICE   FLA.NTS 

Daily  Capacity  of  Plant 

in  Tons                                10                        15  20  25  35  40                        50  60                        80  100 

Tankmen                                          3.50  3.50  4.00  4  00  4.00  4  00                  4.00  4.00                  4.00  8  00 

Enirineers                                         4  50  5  .50  5.50  3  50  5.50  6.00                  7.50  7.50                  7.50  7.50 

Firemen                              3.50  4  00  4.00  4.00  4.00  4.00                  6  00  8.00 

Oilers                                                                                                    .                   2.00  2.00  2.00                  2.00  4.00 

Housemen .  ...  ...                    .  4,00                4  00  4,00 

Extramen         150  2  00  2.00                  2.00  4  00 

Net  total                8.00  9  00  13.00  13,50  13.50  17. .50  19  50  23  50  25  50  35.50 

lOpercent          0.80  0.90  130  135  1,35  1,75                  195  2  35                  2  55  3  55 

Total  daily          8.80  9.90  14.30  14  85  14  85  19.25  21,45  25.85  28  05  39  05 

Labor  per  ton 0.88  0.66  0.72  0,60  0,50  0,48                  0,43  0.43                  0  35  0  39 

T.1BLE     4.     MANUFACTURING  COST  OF  ICE  PER  TON  AND  A.MOUNT  OF  ICE  PRODUCED 

180  Days  Production 

Daily  Capacity  of  Plant  in  Tons               10                  15                  20                 25                  30  35                  40  50  60                 80  100 

Fuel                                         0  66             0  66             0  66             0.66             0  66  0.66  0  66  0  66  0  66  0.66  0  66 

Sundries"    "                             0.08             0.08             0  08             0.08             0,08  0,08  0,08  0,08  0,08  0,08  0,08 

Labor      0,88             0  66             0  72             0,60             0,50  0.49  0,48  0,43  0.43  0  35  0  39 

FixedcharKe                1.00             0,89             0,79             0,76             0  72  0.75  0.74  0.68  0.62  0.60  0,63 

Total  cost  per  ton       2.62             2  29              2,25             2,10             1   96  1.98  1,96  1.85  1,79              169  1,76 

Tonnage  for  period 1800             2700             3600             4500             5400  6300  7200  9000  10.800  14,400  18,000 

230  Days  Production 

Fuel,  sundries.  labor 1.62              140              146              134              1.24  1.23  1,22  1,17  1.17              1,09  1   13 

Fixed  charge 0.78              0.70             0,62             0  59             0.57  0.59  0  58  0.53  0.48  0,47  0.49 

Total  cost  per  ton 2.40             2  10              2  08              193              1.81  1.82  180  1.70  165              1.56  162 

Tonnaee  for  period 2.300              3450              4600             5750             6900  8050  9200  11,500  13,800  IS.MX)  23.000 

280  Days  Production 

Fuel,  sundries,  labor l   62              140              146              134              124  123  122  1   17  1   17              109  1   13 

Fixed  charge 0,64               0,57              0  31               0,49              0,47  0  48  0  48  0.43  0  40              0,39  0  40 

Total  cost  per  ton 2  26              197              197              183              1,71  171  170  160  137              148  153 

Tonnage  for  period 2800             4200              5600              7000             8400  9800  11,200  14,000  16,800  22,400  28.000 

330  Days  Production 

Fuel,  sundries.  Labor 1,62              140              146              1,34              1.24  123  122  1   17  1   17              1.09  1   13 

Fixedcharge           0,55             0  49              0,43             0  41              0,39  0,41  0  40  0,37  0,34              0.33  0  34 

Total  cost  per  ton 2,17              189              189              175              163  164  162  1.54  151              1.42  147 

Tonnage  for  period 3.100             49.50              6600             82.50             9900  11.550  13.200  16.500  19.800  26.400  33.000 

is  not  producing.  They  are  a  large  factor  in  the  cost  of  The  value  of  the  land  on  which  the  plant  is  located  i 
production,  and  are  often  partially  or  totally  omitted  not  taken  into  account,  but  must  be  considered  and  adde 
when  thinking  of  the  co.st.  The  last  three  have  a  direct  to  the  figures  here  given  to  arrive  at  the  total  iiivesi 
ment.     It  is  further  assumed  that  there  is  no  charge  fc 

•Abstract    of    paper    read    before    the    Third    International  ,  ,     j    ,i     ^    -^    •  i    i         ^  „   „  _     „    j   4.V, 

Congress  of  Refrigeration.  water,  but  that  It  is  pumped  by  steam  power,  and  th 


M 


]Sroveinl)er  25,    1913 


P  0  W  B  E 


757 


steam  is 
water. 


rt  of  tliat  tnkoii  from  the  l)oiler.s  for  (liytilled 


Fixed  Chauges 

Table  1  shows  the  cost  of  buildings,  cost  of  equiiimeut 
and  the  fixed  charge.  To  obtain  the  cost  of  the  buildings, 
dimensions  as  given  by  two  of  the  manufacturing  com- 
paiiies  were  taken,  and  the  cost  based  ou  8c.  per  cu.ft. 
of  space  inclosed.  Nothing  lia.s  been  provided  but  the 
necessary  equipment,  and  there  will  be  variations  in  this 

TABLE  S.     AMOUNT  PER  TON  T( 


the  tonnage  for  the  period  indicated,  the  result  being  the 
cliarge  per  ton  for  that  period. 

()l'Kl;A'i'l\(!    Cos'l' 

Table  3  shows  how  the  cost  of  labor  was  determined, 
and  is  self-explanatory.  The  10  per  cent,  added  is  to 
cover  nonproductive  time  due  to  stopping  and  starting 
and  incidental  shutdowns. 

The  fuel  was  difficult  to  decide  upon,  but  here  as  else- 
where, average  conditions  are  taken.    The  boiler  evapora- 


BE  ADDED  FOR  ICE  STORAGE  TO  MANUFACTURING  COST  FOR  S30-DAY  PERIOD 
Tons  of  Ice  Stoned ^ — — 


lOOl) 

0.15 

U.IO 

0.07 

O.Ofi 

0.05 

0.04  + 

0.04— 

0.03 

0.025 

0.02— 

0.015 


1500 

0.15 
Oil 

0  on 

0  075 

0.06 

0.05 

0.045 

0.04— 

0  03 

0  02 


0  15 
0  12 
0.10 
0.09 
0.075 
0.06 
0.05  + 
0  04 
I)  03 


0.15 
0.125 
0  U— 
0.095 
0.075 
0.06 
0.05 
I)  AH 


0.15 

0.13 

0.11 

0.09 

0.07 

0.055 

0.045 


0.15 
0.13 
0.105 
0.09 
0.06 
0.05 


0  15 
0.12 
0.10 
0.07 
0.06 


0.  125 
0 .  09 
0.075 


ilem,  but  not  sufficient  to  seriously  atfeet  the  results. 
These  two  items  give  what  is  termed  the  investment. 

Depreciation  is  that  ordinarily  adopted,  viz.,  6  per 
cent.,  which  will  return  the  cost  of  the  investment  in 
practically  17  years.  This  has  !)een  used  both  for  the 
buildings  and  the  equipment. 

For  repairs  the  5  per  cent,  employed  has  been  arrived 
at  from  the  experience  of  others  in  various  lines  of  manu- 

To+ol   Tonnage  in  Hundreds 


tion  was  taken  at  6  to  1  and  the  losses  between  the  boil- 
ers and  the  ice  cans  as  30  per  cent.  For  nonproductive 
periods  10  jier  cent,  was  also  added.  The  price  of  coal  is 
taken  at  $3  per  ton  of  3000  Ih.  A  cliange  of  5()c.  per  tiui 
in  the  cost  of  fuel  makes  lie.  difference  in  the  cost  of  the 
ice  per  ton. 

Sundries  is  also  an  uncertain  item,  but  the  .Sc.  per  ton 
iias   been    found    to   check   with   practical    results. 
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Manufacturing  Cost  per  Ton  in   Standard 
Distiij.kd-Watei!  Ice  Plants 


Fig.  3. 


Approximate  Cost  of  Ice  per  Ton 
Deducri)  FUOiM  Fig.  2. 


I'acturing,  and  form  a  study  of  widely  scattered  ice  plants. 
The  4  per  cent,  for  taxes  and  insurance  seemed  to  be  a 
fair  average. 

The  three  foregoing  items  constitute  what  is  termed 
the  fixed  charge.  Table  2  shows  how  this  effects  the  cost 
of  the  ice  under  the  different  periods  of  production,  and 
is  obtained  by  dividing  1 5  per  cent,  of  the  investment  by 


Total  Cost  per  Ton  of  Ice 
Table  i  shows  the  cost  per  ton  under  the  four  periods 
of  operation.  Turning  to  the  graphic  record.  Fig.  1, 
some  interesting  things  are  to  be  noticed.  In  the  matter 
of  fixed  charges  there  is  a  gi'oup  from  the  80  to  the  50 
tons  that  shows  a  wide  variation.  This  condition  is  also 
shown  in  the  grouping  of  the  plant  iiroductions  as  brought 
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oiil  at  ibe  top  of  the  chart,  and  ili'nrly  iudicati,-  iliat, 
there  are  too  niaiiy  different  sizes  of  plants  to  cover  the 
range  of  production.  If,  now  the  25-,  35-  and  lU-tou 
plants  are  eliminated,  it  is  seen  that  the  diagram  would 
be  more  regular,  and  that  the  :^0-,  30-  and  50-tiin  plants 
cover  the  range  even  better  tliau  the  intermediate  sizes 
named.  In  the  lahor  curve  there  is  a  pronounced  rise  at 
the  20-ton  plant,  hut  this  is  due  more  than  anything 
else  to  the  drop  from  the  10-  to  the  15-ton  plant.  If  the 
]5-,  2.")-  and  40-ton  plants  are  omitted,  the  lalior  curve 
from  the  20-ton  on  is  decreasing,  until  the  HO-t<in  is 
reached,  where  it  is  at  a  minimum,  rising  again  tnward 
the  100-ton  plant.  The  total  cost  curves  -show  tliat  wlieii 
all  is  considered  llie  SO-ton  ])lant  is  the  most  economical. 

In  the  standard  distilled-water  plants  under  considera- 
tion, it  is  fair  to  assume  tiuit  there  is  sutficient  refrigerat- 
ing capacity  to  care  for  an  ice-storage  house,  and  that 
the  steam  used  for  this  j)ur])ose  will  not  increase  the 
boiler  load.  In  the  event  that  the  house  is  located  away 
from  the  plant,  or  ha.s  an  individual  refrigerating  equip- 
ment, it  will  pra<ticaily  double  the  cost  of  storage  as 
here  given. 

A  properly  built  ice  storage  will  lie  a  substantial  atlair. 
and  the  depreciation  will  not  be  as  heavy  as  on  a  manu- 
facturing plant;  5  per  cent,  will  cover  this  as  well  as  the 
repairs.  The  initial  cost  may  be  taken  as  $5  per  ton  of 
storage  capacity,  and  the  size  will  be  determined  by  al- 
lowing .50  cu.ft.  per  ton  of  ice  stored.  Where  possible 
the  dimensions  sliould  be  such  as  to  give  a  maximum 
content  with  a  minimum  of  wall  surface.  For  handling 
the  ice,  an  allowance  of  15c.  per  ton  is  made  and  to 
cover  incidentals  another  10c.  per  ton  is  added.  Table 
5  has  been  derived  from  the  foregoing  data  in  this  way: 
The  number  of  tons  stored  is  taken  at  50c.  i)er  ton,  and 
this  amount  divided  by  the  total  tonnage  for  a  330-day 
period,  as  shown  in  Table  4.  gives  the  amount  that  is  to 
be  added. 

It  will  be  noticed  that  this  has  been  carried  only  to 
the  point  where  the  amount  to  be  added  in  all  cases  is 
substantially  15c..  which  represents  a  storage  jteriod  of 
100  days'  output. 

From  the  cost  of  production,  shown  in  Table  4.  it  is 
evident  that  anyone  operating  a  jilaut  full  capacity  for 
230  days  can,  if  they  have  sale  for  the  ice,  increase  the 
capacity  43.5  per  cent,  with  practically  no  chatige  in  the 
<-ost  per  ton,  by  using  storage  for  100  days'  outjiut  and 
operating  330  days. 

This  statement,  however,  may  be  misleading,  for  this 
increased  tonnage  could  be  got  with  a  larger  ])lant  in  the 
230-day  period  for  less  per  ton.  This  is  brought  out  in 
Figs.  2  and  3.  This  exemplifies  what  has  already  been 
stated  that  conditions  must  be  studied  and  given  due  con- 
sideration in  determining  what  is  best  in  a  particular 
case. 

Often  there  are  considerations  such  as  varying  demands 
at  particular  times  of  the  year  thiit  will  more  tiiau  coni- 
jjensate  for  the  extra  i-harge  of  storing.  These  figures 
show,  however,  that  the  storage  can  be  used  to  advantage 
in  increasing  the  output  where  the  plant  is  ordinarily 
shut  down  part  of  the  time,  and  that  there  is  not  a  great 
deal  of  difference  in  cost  whether  storage  is  u.«ed  with 
the  plant  operating  longer  or  a  larger  plant  for  a  shorter 
period  of  time.  On  the  other  hand,  the  having  of  a 
supply  of  ice  on  hand  may  be  the  means  of  largely  in- 
creasinsj  the  revenue  and  is  therefore  desirable. 


Cost  of  Power  for  Ice  Making 

The  writer  was  interested  in  attending  some  of  the  ses- 
sions of  the  Eastern  Ice  Association  held  Nov.  6  to  8 
at  the  Park  Avenue  Hotel,  Now  York  City.  Among 
other  ])apers  read  was  one  by  ('.  H.  Htevens,  of  the 
Brooklyn  Edison,  in  whi(4i  he  made  an  appeal  for  busi- 
ness for  his  comjiany.  By  looking  below  the  verbiage  of 
the  jiaper,  the  meaning  was  that  his  comj)any  would  be 
glad  to  negotiate  with  any  prospective  users  of  electricity, 
and  would  be  glad  to  furuish  them  current  at  the  highest 
possible  price  that  his  salesman  could  extract  from  them. 

In  discussing  the  pajjcr,  he  nuulc  the  .statement  that 
one  of  the  many  rea.«ons  why  the  Edison  Co.  could  pro- 
duce current  at  a  low  figure,  was  because  that  company 
bought  coal  in  great  quantity.  It  was  jiurcha.sed  at  a 
])rice  which  he  did  not  state,  though  intimated  was  ap- 
proximately half  what  the  ordinary  user  would  have  to 
jiay.  The  coal  ])eo|>le  say  tliat  the  Kdison  Co.  pay  within 
5c.  ])er  ton  of  the  ]iricc  at  whicli  any  purcha.ser  can  se- 
cure the  same  coal  in  the  same  \icinity.  This  small  re- 
ducti(ui  would  not  make  a  noticeable  difference  in  the 
cost  of  ]>ower  per  kilowatt-hour,  and  for  that  matter  even 
if  they  got  the  coal  for  nothing  the  reduction  in  generat- 
ing cost  should  not  be  nujre  than  0.3c.  per  kw.-hr. 

The  question  that  was  in  the  minds  of  all  the  listeners 
was — "At  what  price  will  you  .^ell  current?"  This  ques- 
tion the  reader  of  the  paper  would  not  answer. 

The  i)ractice  of  the  central  station  is  to  charge  any- 
where from  i^c.  to  as  high  as  15c.  })er  kw.-hr.  In  almost! 
every  other  business  such  as  transjxu-tation.  commuuica-i 
tion,  etc.,  such  discriminating  rates  have  been  shown  toi 
be  illegal.  Probably  they  will  be  so  held  in  connection! 
witji  light  and  ])ower  l)efore  long  in  many  of  the  .«tates.| 

In  explanation  and  ])artly  in  excuse  for  such  dis-i 
criminatory  rates,  the  central-station  salesmen  say.  thati 
owing  to  the  peculiar  peak  loads  that  the  stations  have! 
to  meet,  they  can  supjily  day  current  at  a  less  TAie  than  i 
current  used  during  the  time  of  heaviest  draft  on  the  sta-j 
tions.  This,  no  doubt,  is  a  fact.  At  tiie  same  time  it| 
wotdd  be  just  as  reasonable  for  the  trolley  companies  audi 
suburban  railroad  com]ianies  to  insist  that  they  should' 
charge  more  for  trans|)ortation  during  the  rush  period, 
than  they  do  during  the  uonrush   hours. 

The  central  stations  have  thi;  jdeasant  habit  of  sub-| 
sidizing  the  large  users  of  current  to  the  detriment  of  thei 
small  u.sers — that  is,  they  will  make  a  contract  with  thei 
large  user  of  current  at  a  low  ]irice,  at  a  loss  to  them-i 
.«elves.  ]>erhaps,  for  the  purpose  of  preventing  the  iu-! 
stallation  of  an  individual  plant,  and  then  make  con-l 
traits  with  50  helpless  small  users  of  current  at  a  rateE 
whi(4i  is  five  or  six  times  as  uiucli.  which  rate  is.  of 
course,  exorbitant.  || 

The  whole  question  boils  down  to  at  what  price  can  thei 
ice  maker  l)ny  current?  If  the  central  stations  will  con-] 
tract  to  su])])ly  satisfactiu-y  current  at  Ic.  per  kw.-lir.  fori 
a  term  of  years,  it  would  be  advisable  to  accept  their  prop-l 
osition.  If  they  will  not  do  this  it  Avill  pay  the  icei 
maker  to  investigate  and  find  out  exactly  what  an  iso- 
lated plant  can  do  in  his  individual  case.  Wlien  rawl 
water  is  not  u.«ed  and  it  is  necessary  to  di.still  the  water, 
a  boiler  will  do  it,  and  an  engine  will  not  add  much  to| 
the  initial  investment. 

P.\17T,  BlGELOW. 

^'ew  York  City. 
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Limit  of  Steam -Turbine  Size 

Ten  years  ago  when  the  first  five  thousand-kilowatt  tur- 
bine unit  was  installed  at  Fisk  Street  Station  in  Chicago 
it  was  regarded  as  a  giant,  not  so  nuieh  in  actual  size  as 
in  its  enormous  capacity.  Engines  of  great  bulk  which 
approached  the  output  of  this  turbine  had  been  built,  liut 
for  so  compact  a  unit  to  deliver  five  thousand  kilowatts 
and  on  an  overload  fifty  per  cent,  more,  was  then  con- 
sidered remarkable.  Since  that  time  advancement  in  this 
field  has  been  rapid.  It  was  not  long  before  the  capacity 
of  a  single  unit  was  doubled.  Later  the  size  was  in- 
creased to  fourteen  thousand  kilowatts,  then  to  twenty 
thousand  and  almost  simultaneously  we  hear  of  turbo- 
generators designed  to  deliver  twenty-five  thousand  and 
thirty  thousand  kilowatts.  The  eiul  is  not  yet,  as  an 
order  has  been  placed  for  a  jumbo  turbine  larger  than 
anv  other  by  five  thousand  kilowatts. 

There,  of  course,  must  be  some  limit  to  the  capacity 
and  consequently  the  physical  proportions  of  a  turbine 
unit,  for,  as  expressed  in  Eiifjinecriiig,  all  prime  movers 
are  in  the  ultinuite  subject  to  t)ie  law  that  while  the  out- 
put increases  as  the  square  of  the  dimensions,  the  weights 
involved  increase  as  the  cube.  For  the  present  this  con- 
sideration is  not  so  likely  to  limit  the  size  as  the  diffi- 
culty of  transportation,  the  high  cost  of  heavy  castings 
and  forgings,  the  heavy  construction  in  the  building  and 
crane  neces.sary  to  handle  the  unit  in  the  plant  and  the 
proportions  of  the  foundation.  Then,  again,  there  is 
the  question  of  speed  which,  as  the  diameter  of  the  rotor 
increases,  with  constructions  of  equal  strength,  must  be 
reduced  to  keep  down  centrifugal  stresses.  To  furnish 
three-phase  currents  at  twenty-five  cycles  calls  for  a  speed 
of  seven  hundred  and  fifty  or  fifteen  hundred  revolutions 
per  minute.  At  the  lower  speed,  which  would  be  used 
with  the  larger  rotors,  it  is  the  opinion  of  our  eon- 
temporary  that  tlie  practical  limit  of  output  is  about 
twenty-five  thousand  kilowatts.  Sucli  a  unit  of  the  drum 
type  arranged  on  the  double-flow  system  would  weigh 
from  250  to  300  tons  and  the  heaviest  part  to  be  lifted 
between  thirty  and  forty  tons.  The  size  of  the  forgings 
required  would  be  about  to  the  limit  of  what  can  now  be 
obtained  and  the  cost  proportionally  more  than  for  cast- 
ings of  smaller  size.  Then  in  the  larger  casings  distor- 
tions due  to  their  own  weight  and  variations  in  tempera- 
ture are  more  pronounced,  necessitating  a  larger  clear- 
ance and  pr(,l)ably  reducing  the  efficiency. 

Except  perhaps  in  very  special  cases  where  there  is  an 
enormous  station  output,  it  would  seem  that  a  smaller 
iinit,  of  say  half  the  capacity,  would  give  better  all  arouncT 
satisfaction.  It  would  then  be  feasil)le  to  employ  the 
higher  f;peed,  fifteen  hundred  revolutions  ])er  minute,  and 
as  a  result  reduce  the  size  and  weight  of  the  unit.  The 
efficieiiny  of  a  turbine  depends  largely  on  the  ratio  of 
!  blade  to  steam  velocity,  which,  with  given  steam  condi- 
tions, would  vary  as  the  product  of  the  revolutions 
squa/ed,  the  square  of  the  mean  diameter  and  the  num- 
ber of  rows  of  blades.    It  is  thus  apparent  that  the  volume 


and  tiiereforc  llic  weiglit  o\'  the  turbine  casing,  at  lifteeu 
hundred  revolutions,  is  about  one-fourth  that  required 
at  seven  hundred  and  fifty  revolutions.  The  outj)ut  per 
ton  is  greater,  the  floor  space  less  and  the  efficiency 
higher.  Incidentally  the  cost  for  castings  per  kilowatt 
of  output  would  be  considerably  less  and  the  difficulty  of 
transportation  obviated  to  some  extent.  Installing  or  dis- 
mantling the  unit  in  the  power  house  would  be  facilitated 
and  the  cost  of  the  generator  would  be  lower. 

In  the  past  duplication  in  the  ])ower  plant  has  been 
considered  desirai)lt'  and  in  the  early  days  necessary,  due 
to  the  many  breakdowns  which  were  then  common.  Al- 
though not  so  necessary  at  the  ])resent  time,  it  is  still  far 
from  safe  to  put  all  or  even  half  the  eggs  in  one  basket. 
In  stations  like  Fisk  Street  or  others  of  mammoth  ca- 
pacity the  above  reasoning  would  not  apply.  Here  rela- 
tive efficiencies  and  costs  will  determine  the  size  of  unit, 
but  with  present  facilities  and  methods  it  would  appear 
that  the  advantages  from  this  standpoint  also  lie  with  the 
smaller  unit.  Of  course,  too  great  subdivision  increases 
the  total  first  cost,  :ind  the  happy  medium  will  be  bet- 
ter determined  after  sonu'  of  these  great  units  have  been 
in  operatioji  for  a  time  and  accurate  data  are  available 
with  wbich  to  draw  a  fail'  conniarison. 

Safety  of  Engine  Governors 

The  danger  attached  to  the  oi>eration  of  an  engine  with 
a  rapidly  revolving  flywheel  is  rarely  appreciated  by  the 
engineer  in  charge.  He  usually  reasons  that  if  the  wheel 
is  sound  and  furni.shed  by  a  rejiutablc  builder  there  is  no 
occasion  to  worry  about  its  safety.  Any  flywheel  can 
be  exploded  if  rotated  at  a  sufficiently  high  speed  and 
like  the  explosion  of  a  boiler  from  overpressure  the 
stronger  the  material  the  worse  the  explosion. 

Evidently  the  best  safeguard  against  the  explosion  of  a 
flywheel  is  careful  attention  to  the  devices  which  control 
the  speed  so  that  it  will  be  kept  below  the  danger  point. 
All  boilers  used  today  in  civilized  communities  for  gen- 
erating power  have  safety  valves  which  are  used  for  the 
sole  purpose  of  limiting  the  steam  ])ressures  that  may  he 
carried.  Steam  engines  are  i)rovided  with  governors  to 
limit  the  speed  and  also  to  ]ierform  the  function  of  ad- 
mitting the  ])ro])er  amount  of  steam  to  nmintain  a  uni- 
form speed  under  varying  loads.  The  purpo.^es  of  saft-ty 
valves  and  of  governors  therefore  are  not  exactly  parallel. 

With  the  C'orliss  type  of  valve-gear  it  is  customary  to 
arrange  safety  cams  so  that  tlu'  crali  claws  cannot  move 
the  .steam-admission  valves  when  the  governor  is  in  the 
lowest  position.  To  start  the  engine,  a  block  or  equiva- 
lent device  is  ])r{)vided  to  hold  the  governor  in  a  posi- 
tion that  will  permit  the  admission  of  steam  during  the 
entire  stroke.  Blocking  the  governor  in  this  way  is  al- 
most the  same  as  blocking  the  safety  valve  of  a  boiler 
vhile  in  the  act  of  raising  .'jteam  and  though  this  may  not 
interfere  with  the  normal  control  of  the  engine  while 
the  governor  is  operative,  yet,  sliould  any  accident  hi\p- 
|)('n  to  ilic  governor  or  its  driving  mechanism,  a  runaway 


s  quiiti  .<ure  lo  follow.  Xo  eniiineer  can  aflord  to  take 
.  hances  with  his  own  life  aud  reputation,  to  say  noth- 
.112  of  his  responsibility  for  the  lives  of  those  surround- 
ng  him,  by  operating  an  engine  whose  governor  will  not 
lutoniatically  move  to  a  position  of  safety  if  its  parts 
became  deranged. 

Governor-blocking  devices  are  to  be  had  that  are  ar- 
liinged  to  automatically  assume  the  safety  position  upon 
starting  the  engine  and  every  engineer  should  see  to  it 
I  hat  his  engine  is  properly  equipped  in  this  respect.  With 
the  purpose  clearly  in  mind  it  is  no  extraordinary  tax  of 
mechanical  ingenuity  to  devise  and  apply  such  a  safe- 
ijuard.  A  simple  form  is  referred  to  on  page  765.  It 
might  be  still  better  if  the  engineer  can  persuade  his  em- 
ployer to  install  an  independent  automatic  engine  stop 
and  thus  operate  his  engine  with  a  device  especially  de- 
signed for  safety  as  much  as  a  safety  valve  for  a  boiler. 
In  some  plants  u.«ing  Corliss  engines,  it  is  essential  that 
the  machinery  continue  to  move  when  an  overload  occurs 
and  it  is  necessary  to  have  the  governor  blocking  in  the 
danger  position  at  all  times.  In  such  cases  the  installa- 
tion of  an  independent  automatic  stop  should  be  de- 
manded by  the  engineer.  It  has  been  the  experience  of 
companies  insuring  against  flywheel  and  boiler  explosions 
that  chances  of  serious  accidents  are  greater  from  fly- 
wheels. In  view  of  such  experience  no  engineer  can  af- 
ford to  be  careless  in  regard  to  safety  of  the  governing 
mechanism  of  his  engine. 


The  Study  Course 

In  this  issue  begins  a  new  section  of  the  Engineers' 
Study  Course  on  the  subject  of  Trigonometry  which  will 
be  immediately  followed  by  one  on  Elementary  Me- 
chanics. While  logically  these  should  have  followed  the 
division  on  Mathematics  it  was  felt  that  it  would  relieve 
the  monotony  to  interject  an  entire  change  of  subject  for 
a  season,  the  better  to  hold  the  interest  of  the  students — - 
hence  the  section  on  Comhustiou,  Evaporation  and 
kindred  boiler-room  subjects  concluded  in  the  last  issue. 

Xow  that  there  has  lieen  this  respite  it  seems  ap- 
propriate to  take  up  the  study  of  trigonometry  and  ele- 
mentary mechanics,  and  together,  as  the  latter  is  so  di- 
rectly dependent  upon  the  former.  The  student  is  ad- 
vised" to  follow  the  next  few  lessons  closely  and  to  refer 
back  to  the  earlier  course  in  mathematics  should  he  feel 
a  review  of  it  needful.  Particularly  to  such  as  may  not 
have  followed  the  mathematics  course  it  is  urged  that 
reference  be  made  to  it  before  going  very  far  with  the 
new  subjects. 


\'ocational   Training 

How  can  the  man  in  the  operating  Held  better  his  con- 
dition and  advance  in  his  vocation  ?  How  can  he  reach 
that  coveted  '"room  at  the  top"?  He  knows  of  its  exist- 
ence just  as  he  knows  there  is  a  north  and  a  south  pole, 
but  how  can  he  fit  himself  for  the  journey? 

Probably  the  plant  owner's  lack  of  interest  aud  of  co- 
operation has  in  great  measure  prevented  the  employee's 
advancement.  Most  plant  owners  appear  utterly  indif- 
ferent as  to  how  economy  is  to  he  kept  up  and  expense 
kept  down;  these  little  details  are  left  to  the  engineer. 


How  he  does  them  is  his  i)usiiicss;  but  do  tlicni  lie  nnii 
or  get  out. 

With  a  few  notable  exceptions,  chiefly  in  the  man 
facturing  field,  the  engineer's  vocational  training  h 
usually  depended  upon  what  he  could  acquire  by  his  oi 
laborious  efforts  after  a  hard  day's  work,  assisted,  nec( 
sarily  in  a  limited  way,  by  his  local  and  national  i 
sociations. 

In  the  power  field,  a  few  companies  have  helped  the 
men  to  secure  vocational  training.  From  the  boiler  roc 
have  risen  men  by  successive  stages  to  positions  of  gra 
responsibility,  and  their  employers  have  expressed  the: 
selves  as  amply  compensated  by  the  rich  return  in  t 
service  and  the  loyalty  now  rendered  them. 

"Power  is  a  factor  in  all  the  important  affairs  of  inc 
em  life,"  says  a  writer  and  thinker,  and  necessarily  t 
engineer,  who  makes  that  power,  is  also  a  factor  in  tl 
the  whole  purpose  is  not  merely  to  "make  the  wheels 
'round,"  but  to  turn  them  at  a  profit.  Furthermo 
electricity,  the  steam  turbine  and  the  waterwheel  ha 
made  the  engineer's  vocation  even  more  difficult,  denial 
ing  a  degree  of  operating  skill  that  is  wellnigh  iinp^ 
sible  to  acquire  in  some  cases  without  special  trainii 

We  are  told  that  of  all  the  great  nations,  ours  is  i 
most  deficient  in  vocational  development.  Germany  foi 
years  ago  saw  its  need,  and  met  it;  England,  Scotlai 
France,  Austria,  Switzerland,  Norway,  Sweden  and  D( 
mark  are  all  paying  heed  to  it.  If  we  would  successfu 
compete  in  our  own  chosen  field  with  the  large  ''mmig 
tion  yearly  coming  to  our  shores,  we  must  find  the  mej 
to  equally  educate  our  own  people  in  their  vocations.   ■ 


Cleveland  Municipal  Rates 

One  of  tiie  chief  arguments  in  the  fight  now  being  wa| 
in  many  cities  against  rate  discrimination  and  in  fai 
of  a  general  revision  of  central-station  rates,  is  that 
electrical  energy  should  be  sold  at  less  than  id-i. 
overhead  charges  considered.  If  this  is  to  be  applml 
private  corporations,  there  should  be  no  exception 
favor  of  municipally  owned  plants. 

In  the  new  rate  schedule  adopted  by  the  city  of  Cle 
laud  and  printed  on  page  7-i'i.  the  price  per  kilows 
hour  ranges  from  a  maximum  of  three  to  a  minimum 
one  cent  per  kilowatt-liour  on  contracts  averaging  fi 
kilowatt-hours  or  more  per  mouth. 

When  all  the  factors  going  to  make  up  the  t(it;il  <■ 
(generating,  distribution,  fixed  and  overhead  chargi 
are  considered,  even  w^itli  due  allowance  for  sales  in  lai 
quautities,  it  is  inconceivable  that  the  figure  will  co 
within  the  minimum  rate  of  one  cent  per  kilowatt-ho 
N^aturally  with  this  attractive  rate  a  number  of  contra 
have  already  been  closed  and  more  will  be  entered  ii 
as  soon  as  sutficient  capacity  is  available.  If  the  bi 
of  power  is  disposed  of  in  this  way ;  that  is,  to  a  r€ 
tively  small  uumber  of  large  customers  whose  dema 
will  entitle  them  to  the  minimum  rate,  it  is  obvious  tl 
the  city  will  lose  mouey  and  the  taxi)ayers  will  be  C( 
tributing  toward  the  power  bills  of  a  few  large  concer 

We  realize  that  it  is  ditHcult  to  fix  an  equitable  r 
schedule  and  especially  in  advance  of  the  completion 
the  plant,  when  a  number  of  assum])tions  must 'nee 
sarily  be  made.  However,  it  would  be  interesting  t 
certain  the  basis  for  the  rates  in  question. 


\ 


Novi-iiiber   35,    1913  P  ()  \V  E  R  761 

iiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiNiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^  iiiiiiniimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiniiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniininiiiiniim 

READERS  WITH  SOMETHING  TO  SAY    I 


illlllliiiiiiiiiiiiiiiiiiiiwiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiiiiinuiiiniiiniiiiiiimiiiiiiiiiiiiiiiiiii iiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiniiiiiiiiiii^  niiiiiiiiimiinniiiiiiniiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 


Orsat  or    CO2  Recorder* 

F.  D.  Harger  iu  his  letter  of  conuiieiit  under  llie 
itle  of  "Orsat  or  CO,  Recorder,"  in  Power,  Sept.  'i 
ssue,  overlooks  oue  important  fact.  That  is,  when  a 
Qan  manages  a  plant,  he  should,  wherever  it  is  possible 
nd  consistent  with  efficient  operation,  keep  the  cost  of 
)roducing  power  at  a  minimum.  This  is  to  his  interest 
s  well  as  to  the  interest  of  iiis  employer.  It  is  not  only 
,  question  of  a  certain  appliance  being  the  means  of  re- 
lucing  ])ower  cost,  but  rather  will  not  some  other  ap- 
laratus,  which  costs  less  initially,  do  as  well. 

Recording  instruments  are  naturally  preferable  to 
hose  of  the  nonrecording  type,  but  in  cases  where  a 
heaper  class  of  instrument  answers  the  same  purpose 
nd  where  a  continuous  record  is  not  necessary,  it  is  a 
,'aste  of  money  to  purchase  them.  The  tendency  now  is 
0  analyze  flue  gases  only  as  long  as  is  necessary  to  de- 
ermine  the  changes  required  to  bring  the  boiler  up  to 
he  highest  possible  efficiency  obtainable  under  local  con- 
itious  and  then  disregard  the  flue  gases  entirely  e;  cept 
or  an  occasional  checking  up.  Do  with  your  hoik  r  as 
ou  would  with  your  engine.  An  indicator  is  used  on  an 
ngine  to  locate  trouble,  and  after  adjustments  are  made 
hat  ends  the  use  of  the  indicator  for  the  time.  Why 
hould  an  expensive  instrument  be  used  continuously 
'hen  it  is  unnecessary?  I  have  noticed  recorders  where 
sed  are  checked  up  with  an  orsat.     Why? 

Mr.  Harger  says  he  used  an  orsat  to  check  up  with. 
?ould  he  have  used  it  had  it  not  been  reliable?  My 
rigiiial  letter  stated  that  the  orsat  was  desirable  first 
ecause  it  furnished  as  complete  and  reliable  an  analysis 
s  was  necessary  and  because  of  its  low  first  cost  and 
ase  with  which  it  could  be  handled. 

A.    POHLMAN. 

Brooklyn,  N.  Y. 

Jam    Nutst 

Mr.  Manning's  criticism  of  your  note  on  jam  nuts  is 
ardly  warranted.  He  may  have  had  the  impression  that 
le  inside  nut  was  to  be  regarded  as  only  finger  tight 
■hen  the  jam  nut  was  set  up,  overlooking  the  supposition 
lat  the  inside  nut  had  already  been  set  up  solid. 

In  all  practical  work  it  is  "necessary  to  obtain  both  the 
la.ximum  draft  before  setting  the  jam  nut  and  the  po- 
rtion of  the  inside  nut  without  backing  it  against  the 
utside  nut,"  in  which  your  view  is  correct,  and  by  your 
letliod  you  would  not  "displai'e  the  inside  nut  by  the 
mount  of  lost  motion,"  as  Mr.  Manning  states,  but  only 
ttempt  to.  This  is  what  nuikes  the  jam  nut  ett'ective. 
.11  nuts  do  not  have  lost  motion  as  Mr.  Manning  states, 
.ny  good  lathe  hand  can  make  a  nut  which  has  no  lost 
lotion,  and  which  will  never  need  a  jam  nut,  even  in 
le  most  severe  service.  But  such  a  nut  must  be  wrenched 

♦"Power,"  July  29.  p.  176:  Sept.  2.  p.  344;  Sept.  16,  p.  406; 
ct.  14,  p.  545;  Oct.  28,  p.  613. 
t"Power,"  Sept.  9.  p.  375:  Oct.  7.  p.  515. 


(Ill  all  the  vi'ay  ;  it  cannot  be  so  ioo.'^e  as  to  be  spun  ou  with 
I  lie  fingers.  Nuts  that  can  be  spun  ou  8  to  10  turns  with 
niie  stroke  of  the  hand  are  the  ones  that  need  jam  nuts, 
and  the  jam  nut  must  be  set  up  good  and  solid  so  as  to 
maintain  a  strain  which  will  not  allow  the  inside  nut  to 
be  displaced  by  lest  motion.  When  the  inside  nut  is  dis- 
placed by  any  amount  of  lost  motion  the  jam  nut  tiieu 
becomes  worthless  and  may  as  well  be  omitted. 

L.  C.  TuCKEli. 
Newburyport,  Mass. 


The  Polar  Planimeter  on  Circular 
Charts 

Mr.  Richardson's  courteous  comments,  published  in 
PowEK  of  Oct.  21,  upon  my  innocent  and  unobtrusive 
article  which  appeared  in  the  Aug.  19  issue,  remind  me 
of  the  man  who  never  uses  a  railroad  train  because  they 
sometimes  take  people  where  they  do  not  want  to  go. 
Rules  and  railroad  trains  must  be  u.sed  with  judgment, 
but  still  used. 

I  maintain  what  I  said  in  the  original  article  that  the 
polar  planimeter  may  be  used  ou  circular  charts  to  get 
approximate  average  values  except  in  "extreme  cases" 
of  variation  of  the  recorded  quantity.  I  showed  this  by 
actually  applying  it  to  a  chart  in  which  the  average  vari- 
ation was  aliout  30  per  cent.,  and  from  which  the  true 
value  was  a  "little  le,s,s"  than  that  found  by  the  planim- 
eter. (Mr.  Richard.son  misquotes  me  as  stating  that  it 
I'hecked.)  I  also  showed  by  an  example  that  a  maximum 
variation  of  -10  per  cent,  with  an  average  variation  of  30 
per  cent,  produced  le.ss  than  1  per  cent,  of  error.  One 
can  surely  form  an  idea  from  these  examples  of  the  limit 
beyond  which  the  variation  may  be  considered  extreme. 

Mr.  Richardson  finds  "it  evident  that  the  polar  planim- 
eter is  only  of  sufficient  accuracy  when  all  of  the  auto- 
graphic line  lies  on  a  narrowly  confined  portion  of  the 
chart."  But  he  forms  this  conclusion  by  applying  the 
jilanimeter  to  a  chart  in  which  the  maximum  variation 
is  more  than  300  per  cent,  of  the  average  quantity,  and 
the  average  variation  is  more  than  lOO  per  cent.;  that 
is,  he  takes  an  extreme  case  of  variation  which  in  my 
article  was  clearly  stated  to  be  an  exception  to  the  rule. 
He  then  seeks  to  strengthen  his  conclusion  by  stating 
that  if  the  rate  (by  the  chart)  had  been  "zero  for  the 
first  13  hr.  and  8000  gal.  for  the  next  13  hr.,  the  error 
of  the  method  would  have  been  36  per  cent."  (In  his 
first  example  it  was  7  per  cent.)  This  is  absolutely  not 
so,  because  the  diagram  for  the  first  13  hr.  would  not 
and  could  not  then  be  integrated  since  there  would  be 
no  record  for  that  time;  and  the  result  would  be  found 
from  the  second    ('i)riinihi   given  in  my  article 
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in  which  F  W(juld  be  O.r),  corresjionding  to  a  semicircle. 
The  average  rate  for  34  hr.  would  then  be  one-half  that 


lu.ni  the  iormula.  and   the  vrvoy   woiiUI   l)c   less  llinii    7 

r  cejit- 

A  slight  modification   of   the  method  I   pro[)()sed   will 

able  the  polar  planimeter  to  give  a  result  within  2  per 
.  nt.  of  error  in  sueh  an  extreme  case  of  variation  as  that 
l>reBcnted  by  Mr.  Eichardson.  The  chart  should  he  divided 
into  a  number  of  time  periods  in  which  the  variation  of 
the  record  is  not  large;  the  mean  height  of  each  of  these 
parts  is  obtained,  using  the  above  formula;  and  the  whole 
(if  them  averaged  with  regard  to  time  for  the  result. 

Admitting  Mr.  Richardson's  assertion  that  there  are 
many  recording  instruments  used  in  which  the  record 
lluctuates  widely  from  hour  to  hour,  it  is  also  true  that 
tlicre  are  many,  if  not  more,  in  which  the  record  is  very 
iiniform.  This  is  especially  the  case  when  such  instru- 
ments are  used  for  testing,  because  the  significance  of 
lest  results  depends  upon  uniformity.  It  follows  that 
the  polar  planimeter  is  applicable,  not  oidy  to  rare  cases, 
liut  numerous  ones,  with  ample  ])recision. 

.Tn.rAV  ('.  Smallwood. 

Syracuse.  JS'.  Y. 

Lubricating  Engines  in  Cold  Weather 

In  a  manufacturing  plant  in  a  northern  state  there 
were  two  large  engines  in  mills,  located  some  distance 
apart  which  were  so  exposed  that  during  cold  w-eather  it 
was  almost  impossible  to  get  the  oil  to  run  tlirough  a 
%-in.  pipe  to  the  engine  bearings.  The  oiling  system  is 
of  the  gravity  type  with  a  tank  located  al)Out  15  ft.  above 
the  engine.  Tlie  engines  were  about  !)()0  hp.  each,  and 
as  there  was  much  dust  in  the  air  a  copious  supply  of  oil 
was  required  to  lubricate  them.  Sometimes  the  oil  would 
congeal  arid  stop  running,  and  before  it  could  be  started 
again  a  bearing  would  start  to  heat.  Each  cylinder  was 
supplied  with  a  4-qt.  sight-feed  oil  pump,  one  of  which 
was  of  such  construction  that  a  U-shaped  piece  of  pipe 
was  placed  inside  of  it  with  the  threaded  ends  extending 
through  the  top.  One  of  the  ends  was  connected  to  a 
Vj-in.  steam  line,  and  the  other  to  a  dri])  line.  This  kei>t 
the  cylinder  oil  warm  so  that  the  ])ump  would  work  in 
any  kind  of  weather.  The  other  lubricator  had  a  glass 
body,  and  was  of  suih  construction  that  it  was  not  pos- 
sible to  put  a  beating  coil  inside  of  it.  But  a  coil  was 
made  by  winding  a  length  of  Y^-m.  ))i])e  around  a  block 
of  wood  having  a  diameter  of  2  in.  larger  than  the  diam- 
eter of  the  oil  pump.  There  were  about  five  full  turns 
in  the  coil  which  was  connected  to  the  steam  line,  and 
also  to  a  drip  line.  As  this  lubricator  was  moi'e  exposed 
than  the  other  one,  a  box  w-as  made  that  would  just  slip 
over  it  and  the  coil  to  prevent  radiation  of  the  heat.  That 
settled  the  cylinder-oil  trouble,  but  then  came  the  trouble 
with  the  engine  oil.  Kadi  engine  had  an  oil  filter  in 
which  there  was  a  steam  coil  in  the  bottom.  Then  a  coil 
of  i^-in.  pipe  was  made  and  i)laced  in  the  overhead  tank 
to  keep  the  oil  supply  in  a  fluid  state,  but  in  passing 
through  the  long,  small  pipe  to  the  engine  it  would  get 
thick,  and,  to  prevent  this  a  %-in.  steam  pipe  was  laid 
alongside  of  and  fastened  to  the  oil  pipe  and  covered  with 
a  1-in.  sectional  pipe  ((tvering.  This  kept  the  oil  warm 
as  far  as  the  oil  cups,  which  were  all  taken  off  except 
those  on  the  crank  pins,  these  being  taken  apart  and  the 
body  discarded,  the  pipe  being  connected  directly  to  the 
bottiini   part   containing  the  sight-feed.     A   y^-hi.   valve 


was  put  in  eadi  line  just  above  the  sight-feed.  On  th 
crankpin  the  centrifugal  oiler  with  its  cup  and  stand  wa 
retained,  the  oil  pipe  being  tapped  into  the  top  covei 
and  a  steam  coil  made  to  tit  around  the  cup.  The  rea.soi 
for  this  was  to  give  a  small  reserve  su])ply  in  case  the  oi 
in  the  pipes  got  too  thick  to  run.  Sometimes  cyliuJe 
oil  had  to  be  used  to  keep  the  pin  cool,  which  was  don 
by  shutting  off  the  engine  oil  and  putting  cylinder  oi 
in  the  cup.  A  steam  ajid  oil  line  was  also  run  to  th 
outboard  bearing.  Drip  valves  were  placed  on  the  end 
of  all  branch  steam  lines,  and  a  steam  valve  at  the  con 
nection  with  the  steam  ])ipe.  Both  engines  were  ])ipei 
up  in  about  the  same  manner,  each  engine  had  an  en 
gineer  who  stopped  and  started,  and  did  his  own  niliii: 
when  he  had  time,  but  before  the  system  was  clian;;.': 
it  took  two  or  three  heljiers  to  kee])  the  oil  warm. 

After  passing  over  the  bearings  the  oil  was  collected 
in  a  tank  below  the  engine-room  floor  and  pumped  b 
hand  to  the  filter.  After  passing  through  the  filter  i 
was  pumped  into  the  overhead  .storage  tank  and  used  ove 
again.  There  were  two  gallons  of  new  oil  put  into  th 
system  every  day,  and  as  nuuli  was  drawn  out  for  lubri 
eating  machinery.    The  oil  filter  was  cleaned  monthly. 

This  system  could  have  been  connected  to  the  exhaus 
pipe,  and  the  oil  heated  by  waste  steam. 

Hyattsville,  Md.  .1.   V.   IIawki\>. 

[Lubricating  troubles  of  this  kind  are  not  iinconiiiii) 
in  the  North.  When  the  weather  is  warm  is  the  tim 
to  take  steps  to  rearrange  the  system  so  that  there  wil 
be  no  trouble  and  fussing  about  oil  lines. 

It  is  altogether  too  common  practice  to  locate  a  gra\ 
ity  oil  tank  and  filters  on  the  engine-room  wall  or  i 
some  other  place  that  is  warm  in  summer  but  so  cold  i 
winter  that  the  oil  congeals  so  before  reaching  the  ei 
gines  that  the  .supply  at  the  bearings  ])ecomes  inadequati 

Pumps  or  air  tanks  for  elevating  the  oil  are  used  wit 
most  gravity-oiling  systems.  It  should,  therefore,  I 
possible  in  nearly  every  Northern  plant  to  locate  th 
gravity  tanks  over  the  boilers  where  it  is  usually  quit 
warm.  By  putting  the  oil  filters,  receivers  and  pumj 
in  an  exhaust-steam  heated  room  beneath  the  engini 
room  floor,  the  entire  system  could  be  kept  warm.  ] 
.some  of  the  piping  between  the  gravity  tank  and  tl 
engines  is  exposed  to  drafts,  as  is  sometimes  the  case.  b( 
sides  covering  the  pipe,  a  small  bypass  line  might  lie  le 
around  into  the  recciveis.  This  would  create  a  sutficiei 
circulation  of  the  oil  to  krcp  the  system  wai'm. — lOurriiH. 

Excess  Air  and  C.Oi.  I 

Why  are  we  contiiiiuilly  afHicte<l  and  pestered  with  th 
CO2  argument?  We  have  been  getting  it  heavily  f( 
.some  six  or  eight  years.  There  is  unceasing  consider! 
tion  of  the  evil  effects  of  excess  air,  genuine  calamil 
howling  abo\it  it.  varying  with  many  admonitions  thf 
if  the  COo  is  to  lie  made  right  the  necessity  exists  f( 
admitting  less  or  more  air,  etc.  Why  do  w-e  s])eak  of  e; 
cess  air  at  all,  why  not  sub,«titute  deficiency  of  coal?  ] 
the  ('()._,  is  thought  undesirably  low  and  the  draft  is  fixe 
let  the  fireman  shovel  coal  on  more  rapidly  and  tlie  rat 
of  steaming  will  increase  as  will  also  the  CO.^.  If.  as  i 
a  small  plant,  one  or  two  men  are  doing  the  firing  and  a 
increase  in  the  rate  of  shoveling  and  thereby  the  rate  ( 
steaming  is  inadmissible  with  increase  of  CO.^  as  its  pu: 
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)se,  then  obviously  the  draft  cannot  be  considered  fixed 
uce  every  boiler  has  a  damper  and  the  occasion  for 
iing  it  is  unmistakeably  at  hand.  Restriction  of  it  will 
duce  the  flow  of  air  and  if  the  fireman  keeps  on  with 
le  same  rate  of  shoveling  as  before  the  rate  of  steaming 
ill  be  unchanged  and  the  CO.,  will  be  raised.  To  eon- 
;ct  the  rate  of  steaming  fundamentally  with  the  rate 
'  shoveling  is  correct.  There  is  a  minor  etfect  of  chang- 
g  efficiency  which  may  follow  from  change  in  the  CO. 
intent,   but  the   clfect   is   minor.      In   general,   the   rate 

steaming  follows  the  rate  of  shoveling,  the  talk  about 
iUtrolling  the  air  supply  being  based  on  unmindfulness 
at  the  coal  supply  is  basic  and  is  in  the  hands  of  the 
an  with  the  shovel,  and,  furthermore,  that  with  damp- 
s  or  blowers  working  with  any  given  adjustment  the 
,te  of  coal  supply  influences  enormously  the  resistance 
'  the  bed  of  fuel  to  the  flow  of  air  through  it,  and  ac- 
irdingly  the  CO.,  content   of  the   furnace  gases. 

H.  L.  H.  Smith. 

Brooklyn,  N".  Y. 

It 

Fastening  Loose  Babbitt  in  Bearing 

While  the  metluxis  of  fastening  loose  babbitt  to  a 
laring  as  told  by  Mr.  Kopple  and  Mr.  Hawkins  in  the 
ipt.  83  and  Oct.  88  issues  respectively  are  interesting, 
think  the  following  one  is  better  because  there  is  no 
mger  of  cutting  the  shaft  with  a  broken  holder  screw : 

By  drilling  %-in.  holes  about  y->  in.  deep  in  the  bear- 
g  cap  or  shell,  and  then  enlarging  the  hole  at  the  bot- 
m,  the  babbitt  will  run  into  the  holes  and  hold  tight. 

H.  E.  Smith. 

Harrisburg,    Penu. 

I  Drills  for  enlarging  the  bottom  of  a  blind  hole  are 
'ailabli!  in  the  market. — EdiTOI!.] 

Correction  of  Diagram 

The  indicator  diagrams.  Fig.  1,  were  obtained  from 
.e  high-pressure  cylinder  of  a  36x60x60-in.  compound, 
Diliss,  rolling-mill  engine.  The  trouble  witli  the  head- 
id  diagram  was  that  the  steam  valve  opened  too  early, 
lat  is,  the  head  end  had  too  much  lead.  On  the  re- 
irn  stroke  the  steam  valve  began  to  open  slowly  at  about 
,  but  the  piston  coming  back  with  the  steam  valve  open 
ily  a  very  little  the  steam  was  compressed  to  some  pres- 
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sure  B,  higher  than  boiler  pressure  before  the  steam  be- 
gan to  flow  back  into  the  boiler.  When  pressure  B  was 
I'eached,  the  piston  still  coming  back,  instead  of  raising 
the  pressure  higher,  sent  the  steam  back  to  the  boiler  at 
practically  constant  pressure,  which  is  indicated  by  the 
line  BG.  At  G  the  end  of  the  stroke,  the  piston  coming 
to  rest,  the  pressure  dropped  to  boiler  pressure  and  steam 
was  admitted  at  this  pressure  until  cutoff. 

After  taking  olf  lead  by  lengthening  the  steam  rod 
two  turns,  and  adjusting  the  cutoff  so  as  to  divide  the 
work  e(|ually,  the  diagrams  shown  in  Fig.  3  were  ob- 
tained. 

J.   F.   MOWAT. 

Joliet.   III. 


The  Adamson  Ring 

In  the  Massaiiluisetts  state  law  book  on  boilers,  page 
34,  it  tells  of  the  "Adamson  Ring"  staying  a  furnace. 
Most  engineers  and  fireman  do  not  know  alKJut  this  ring 
or  its  use  or  where  it  is  found. 


Fig.  2.   Diagrams  Taken  after  Setting  Valves 


zVdamson  Pipe-Joint  Ring  in  Section 

The  Adamson  ring  is  used  on  internally  fired  furnaces 
for  staying  of  the  flues;  owing  to  the  possibility  of  the 
flue  collapsing,  something  must  be  used  to  stay  it.  The: 
most  common  way  to  stay  it  is  by  means  of  a  corrugated 
flue,  the  corrugations  of  which  act  as  girder  stays. 

When  the  Adamson  ring  is  used  the  flues  are  made 
in  short  lengths  flanged  at  both  ends.  Between  these 
flanges  is  placed  a  heavy  piece  of  metal,  shown  at  A, 
then  the  flanges  are  brought  together,  forming  the  Adam- 
son ring. 

This  ring  is  not  as  reliable  as  the  corrugated  flue, 
owing  to  the  possibility  of  leaking  joints  and  failure  of 
the  rivets. 

L.  N.  Webster. 

Springfield,  Mass. 

Feed-Water  Temperatures  in  Con- 
densing Plants 

It  is  common  for  operating  engineers  to  desire  the 
maximum  feed-water  temperature  obtainable.  The  fol- 
lowing is  to  show  that  in  some  cases  a  high  average  tem- 
perature for  running  hours  is  a  source  of  loss  instead 
of  one  of  efficiency. 

Taking  the  open  type  of  feed-water  heater  the  maxi- 
mum temperature  is,  of  course,  212  deg.  F.  If  the  load 
factor  of  the  plant  is  high,  such  as  during  operating 
hours  of  pumping  plants  or  flour  mills,  this  high  tem- 
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perature  is  desirable  unless  there  is  a  loss  of  exhaust 
steam  to  the  atmosphere.  But  take  the  plant  with  the 
low  load  factor,  such  as  some  lighting  and  railway  plants. 
These  plants  usually  obtain  their  e.xhaust  for  heating 
feed  water  from  the  auxiliaries.  The  use  of  auxiliaries 
does  not  decrease  in  proportion  to  the  decrease  in  load; 
in  other  words,  the  use  of  steam  by  the  auxiliary  load 
rt-presents  a  larger  percentage  of  the  total  during  "off 
jieak"  than  it  does  during  the  "peak."  So  that  if  the 
maximum  temperature  is  reached  during  the  heavy  load 
there  must  be  a  vast  loss  or  excess  of  exhaust  steam  dur- 
ing the  light-load  periods.  So  the  proper  average  for 
feed-water  temperature  depends  upon  load  conditions  and 
should  be  as  high  as  possible  with  the  minimum  amount 
of  loss  of  exhaust  steam  lost  to  the  atmosphere. 

Plants  having  an  average  feed-water  temperature  of 
200  deg.  F.  or  over  should  be  watched  for  exhaust-steam 
losses,  and  if  possible  arrange  the  auxiliary  units  with 
llie  duplicates  electrically  driven  for  use  during  the  light- 
load  period.  This  serves  to  increase  the  operating-load 
factor  as  well  as  eliminating  the  wasteful  steam-driven 
auxiliary  where  the  exhaust  is  not  needed. 

John  F.  Hurst. 

Fjouisville,  Ky. 

The  Effect  of  Air  in  Feed  Water 

We  had  quite  a  discussion  at  our  plant  recently  on  the 
suliject  of  open  and  closed  heaters.  There  was  one  point 
touched  upon  that  was  new  to  me  and  may  be  of  interest 
to  others.  One  side  claimed  that  an  open  heater  was 
the  best  because  it  freed  the  water  of  air  before  it  en- 
tered the  boiler.  The  other  side  claimed  that  it  was 
better  to  have  the  air  pumped  into  the  boiler  with  the 
water  in  the  case  of  a  noncondensing  plant  as  the  extra 
air  made  just  that  much  more  steam  or  working  fluid 
without  throwing  any  more  work  on  the  feed  pump. 

It  appears  that  the  air  is  not  only  compressed  into  the 
closed  heater  and  boiler  without  any  expenditure  for 
power,  but  it  requires  no  heat  to  evaporate  it  as  it  is  al- 
ready in  the  form  of  a  gas.  And  this  is  not  all.  As  the 
specific  heat  of  air  is  about  one-sixth  that  of  water,  it 
would  require  only  one-sixth  as  much  heat  to  raise  the 
air  to  the  working  temperature. 

Is  this  another  "perpetual-motion"  fallacy?  If  so,  it 
is  up  to  W.  H.  Booth  and  others  to  make  the  inevitable 
expose  before  I  begin  selling  "air-steam"  engine  stock. 

Fred  Boone. 

Davidson,  Okla. 

Cleaner  Sticks  in  Boiler  Tube 

After  thirteen  years  of  experience  with  Stirling  boilers 
we  ran  up  against  a  "stunt"  last  Sunday  that  we  never 
had  occur  before.  The  boiler,  however,  was  not  to  blame 
for  what  happened. 

We  have  four  Stirling  boilers,  one  of  which  is  of  400- 
hp.  capacity  containing  88  tttbes  from  the  back  drum  to 
the  mud  drum.  Last  Sunday  we  undertook  to  run  the 
rotary  cleaner  through  these  back  tubes ;  a  wire-wound, 
1-in.  hose  is  used  with  the  cleaner  and  70-lb.  city  water 
pressure  applied.  The  rotary  went  through  the  first  tube 
we  tried,  but  in  pulling  it  back,  the  wire  became  loosened 
from  the  hose  and  caught  between  the  coupling  of  the 


rotary  and  the  side  of  the  tube,  about  2  ft.  from  th 
bottom.  The  more  we  pulled  the  hose  or  drove  it  bac 
the  tighter  we  wedged  in  the  rotary.  The  question  wai 
how  to  get  it  out.  We  could  not  pull  it  up  and  the  hoa 
was  not  stiff  enough  to  push  it  down. 

After  trying  one  thing  and  another  for  three  or  fou 
hours,  we  went  to  the  blacksmith  shop  and  bent  a  piec 
of  ^4-'"-  cold-rolled  steel  31^  ft.  long  .so  as  to  form  a  boo 
with  a  turn  like  a  cork  screw.  The  screw  was  larg 
enough  to  worm  its  way  up  by  the  ctitters  and  aroun 
the  legs  of  the  rotary.  This  gave  about  li/^  in.  of  pla 
up  and  down  above  the  cutters.  By  forcing  the  hoc 
down  hard  at  the  same  time  the  men  in  the  u})per  drui 
])ushed  down  on  the  hose,  we  loosened  the  cleaner  an 
drew  it  out  from  the  bottom  of  the  tube. 

There  was  not  wealth  enough  in  North  Adams  to  it 
duce  us  to  try  to  draw  the  rotary  up  through  the  tub 
with  that  hose  so  we  cut  the  hose.  It  is  needless  to  sa 
that  before  that  hose  goes  back  in  any  tube  again  it  wi 
be  thoroughly  examined  and  the  wire  securely  fastened. 

James  Mitchell. 

North  Adams.  Mass. 

Silencing  Noisy  Injectors 

The  articles*  by  Mr.  Davies  and  others  on  suppressin 
vibration  in  power  plants  were  instructive  and  interesi 
ing.  These  articles  prompt  me  to  inquire  if  any  Powe 
reader  has  ever  succeeded  in  silencing  noisy  injectors 
Some  of  them  roar  and  rattle  so  much  as  to  unnerve  eve 
a  boiler  maker. 

Will  the  man  who  has  accomplished  the  silencing  c 
an  injector  tell  us  how  he  did  it. 

H.  D.  Fisher. 

Newton  Highlands.  Mass. 

Cylinder  Welded  Successfully 

The  cylinder  of  a  large  engine  in  a  near-by  plant  wj 
badly  broken  by  a  slug  of  water.  The  top  part  of  tl 
head-end  admission-valve  chamber  was  broken  across  i1 
entire  length.  A  piece  from  the  head  end  of  the  cylind( 
went  with  it,  and  the  cylinder  head  and  studs  were  badl 
strained  and  loosened. 

There  was  immediate  need  for  the  engine  and  to  wa 
until  a  new  cylinder  arrived  would  take  too  much  tinn 
It  was,  therefore,  decided  to  send  the  parts  to  a  weldin 
company  in  the  vicinity.  This  firm  mended  the  cylii 
der  by  the  acetylene  process  in  short  order  and  the  ei 
gine  is  now  working  satisfactorily  at  the  usual  pressui 
of  150  lb. 

Last  spring  1  was  called  to  examine  an  engine  thi 
"would  not  run"  as  the  owner  expressed  it,  and  I  foun 
the  cylinder  cracked,  due  to  freezing  of  water  in  the  cy 
inder,  the  drain  cocks  of  which  had  been  left  closed.  Th 
cylinder,  although  very  badly  cracked,  was  successful! 
welded  in  short  notice  by  the  acetylene  process. 

If  new  parts  had  been  ])urchased  in  either  of  thes 
cases  the  cost  would  have  been  more  than  double  the  coi 
of  welding  and  the  loss  in  time  before  the  arrival  ( 
parts  would  represent  a  far  greater  sum. 

A.  I.  Haioht. 

Kalamazoo,  ^lich. 

12,  1913.  p.  247;  Sept.  30.  1913.  p.  4sl :  .\o 
f.    11.  1913.  p.  700. 
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A  boiler  16  or  IS  ft.  long  should  be  set  about  2  in.  lower 
the  rear  end   to  facilitate  drainage  toward  the  blowoff. 

Boiler  Manhole  Reinforeement — What  is  the  advantage  of 
icing  the  reinforoement  plate  of  a  manhole  inside  of  the 
iler? 

F.  W. 
By    placing   the    line''   or    ring    on    the    iiuside     the    shell    can 
calked    from    the   outside   and    the   gasket   joint   made    on    a 
t  surface   on   the   reinforcing  ring. 


ed    i'jlinder- 

)red,    makinj:; 
•y   to  put  in 


When  a  14x20-in.  engine 
it  %  to  ^a  in.  larger  in 
I   larger  piston  as   well  as 


PiNton    for    a    Rehi 

Under  has  been  reboi 
imeter,  is  it  necessar; 
•ger  rings? 

The   cylinder    should 
le   bearing    ring. 


Hose  DiMeharfTt' — Will  a  hose  discharge  any  more  water 
the  nozzle  is  held  horizontally  than  if  held  vertically,  the 
assure   at   the    nozzle    being   the   same? 

J.    W.    D. 

A  hose  nozzle  held  perfectly  vertical  will  not  discharge  as 
ich  water  in  a  given  time  as  if  the  nozzle  is  inclined  a 
tie     to     prevent     the     water     falling     back     on     the     issuing 

earn;  but  a  nozzle  thus  slightly  inclined  will  disch.arge  the 
ne  quantity  of  water  as  when  held  down  or  in  any  other 
gition    except    vertically    upward. 


Automatic  Governor  Release — Is  there  any  arrangement 
lereby  the  pin  that  blocks  up  the  collar  of  a  Coiliss  engine 
vernor  can  be  caused  to  di'op  out  automatically  when  steam 
turned   on? 

A.    M. 

A  simple  device  used  for  supporting  the  collar  of  a  gov- 
"lor  in  pl.'ice  of  a  pin,  consists  of  a  weighted  bell  ci-ank,  like 
3  illustration  herewith.     After  the  engine  has  been  started. 
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len  the  speed  becomes  great  enough  for  the  collar  to  be 
ised  away  from  the  end  of  the  arm  A,  the  -weight  of  the  arm 
3  throws  the  bell  crank  around  to  the  dotted  position  DE, 
iving  the  governor  collar  free  to  fall  the  same  as  by  re- 
)ving    a    pin. 

Heating  .Vir  in  .Smolie  Breecliin«- — Four  boilers,  only  three 
which  are  run  at  a  time,  are  connected  to  the  stack 
a  horizontaj  breeching  40  ft.  long.  3  ft.  in  diameter  at 
e  small  end  and  5  ft.  diameter  at  the  other.  Would  it  be 
isible  to  put,  say  a  Ifi-in.  pipe  through  this  breeching 
igthwise  to  heat  air  for  drying  purposes,  the  air  to  be 
awn  through  the  smaller  pipe  by  an   exhaust  fan? 

A.  P. 
A  16-in.  diameter  air  pipe  would  reduce  the  draft  area  of 
e  smoke  flue  about  20  per  cent,  at  the  smaller  end.  and 
out  7  per  cent,  at  the  larger  end.  If  such  a  proportion  of 
auction  in  draft  area  would  be  permissible,  the  scheme 
ght  be  tried.  There  would  be  a  further  reduction  of  the 
rce    of    the    chimney    draft    resulting    from     the    reduction 


Work  ot  Ga«  tCneine — Is  the  work  done  in  a  gas-engine 
cylinder  entirely  a  consequence  of  the  heat  added  by  the 
burning  of  the  gas  in  expanding  the  mixture,  or  is  it  partly 
due  to  a  change  of  form  of  the  gas,  the  new  gas  occupying 
more  space  at  a  given  pressuie.  or  exerting  more  pressure  in 
a    given   volume? 

H.   R.   C. 

The  first  supposition  is  correct:  in  fact  the  burned  mix- 
ture occupies  less  volume  at  the  same  pressure  and  tempera- 
ture. This  is  in  accordance  with  Avogadro's  law  that  equal 
volumes  of  all  gases  under  the  same  conditions  of  pressure 
and  temperature  contain  the  same  number  of  molecules.  For 
instance,  take  as  a  simple  case  the  gases  carbon  monoxide 
(CO)  and  oxygen  (O2)  burned  to  carbon  dioxide  (CO2).  The 
reaction    is 

2  CO  +  O2  =  2  CO2 
This  means  that  three  molecules  have  become  two  and  the 
volume  has  decreased  one-third.  The  resulting  CO;  occupies 
the  same  space  as  the  original  CO  so  that  the  space  occupied 
by  the  oxygen  has  been  vacated.  The  work  done  in  a  gas 
engine  is  therefore  due  to  expansion  of  the  burned  gases 
due    to    the    heat    added    by    tlie    combustion. 

Charging  for  Heat — One  of  two  tenants  in  a  building  op- 
erates a  power  plant  and  heats  with  the  exhaust  steam.  The 
other  tenant  wishes  to  purchase  heat.  How  can  a  proper 
charge   for    the    service    be   determined? 

F.    K.   O. 

Supplying  the  additional  radiating  surfaces  will  impose  in- 
creased back  pressure  on  the  engine  so  it  is  fair  to  consider 
the  extra  steam  as  costing  practically  as  much  as  if  sup- 
plied direct  from  the  boiler.  For  doing  a  given  amount  of 
heating  the  cost  will  be  practically  the  same  for  supplying 
steam  at  one  pressure  as  at  another.  The  amount  of  steam 
required  would  depend  on  the  weather  exposure  of  the  rocms 
to  be  heated,  tightness  of  the  doors  and  windows  for  exclu- 
sion of  drafts,  etc..  and  the  temperature  to  be  maintained. 
Under  ordinary  circumstances  about  10.000  cu.ft.  of  space 
would  require  one  horsepower  of  steam  as  an  average  for  the 
season  during  which  heating  is  required.  Its  cost  taken  as 
additional  to  the  steam  required  by  the  engine  would  be 
about   $3   per   hp. -month    for   heating   10   hr.    per   working   day. 

The  cubical  contents  of  the  premises  to  be  heated;  di- 
vided by  10.000  and  multiplied  by  ?3  will  give  the  cost  per 
month  and  to  this  should  be  added  whatever  seems  appropriate 
as  profit  to  cover  trouble,  investment,  etc..  to  finally  deter- 
mine  the   total    charge   to   be   made   per  month. 

Phenomenon    of    a    Draining    Vessel — Water    flowing    from 

any  vessel  through  a  bottom  aperture  begins  a  circular 
motion  which  increases  in  velocity  as  the  water  is  nearly 
run  out  and  an  open  space  can  be  seen  down  through  the 
center  which  increases  in  size  as  the  amount  of  water  be- 
comes less.  The  same  effect  may  be  seen  around  the  foot- 
valve   in   a   pool.      What   causes   this    phenomenon? 

.1.  W.  D. 
Water  in  flowing  from  any  aperture  whicli  presents 
greater  friction  on  one  side  than  the  other,  will  cause  the 
issuing  stream  to  assume  a  twist  in  the  same  way  that  the 
rifling  of  a  gun.  or  tvyo  obstructions  in  a  gun  barrel  not 
in  line  with  the  barrel,  cause  the  shot  to  be  rotated.  In 
water,  the  whirling  action  set  up  in  the  discharge  aperture 
is  imparted  back  to  the  body  of  water  which  is  presented  to 
the  aperture,  and  this  tangential  force  continuing,  increases 
the  circular  motion  up  to  a  velocity  where  it  is  balanced  by 
friction.  Tn  an  emptying  vessel,  the  constant  force  being 
resisted  by  friction  due  to  less  pressure  as  the  vessel  empties, 
the  whirling  velocity  increases,  centrifugal  force  throwing 
the  water  out  in  the  form  of  a  funnel.  Where  the  water 
over  the  suction  into  a  foot  valve  is  shallow,  the  centrifugal 
effect  becomes  greater  than  the  pressure  surrounding  the 
foot-valve,  and  the  effect  is  assisted  by  the  depression  of  the 
water  surface  due  to  the  discharge  through  the  foot-valve 
being  faster  than  the  water  can  recover  the  general  level  of 
the   surface   of   the   pond. 
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Trigonometry — I 

Tlie  word  trigonometry  lueaii.s  triangular  measure,  or 
better,  the  measurement  ol'  triangles.  Originally  the  ob- 
jeit  of  the  study  was  to  solve  triangles  and  that  still  con- 
stitutes the  principal  purpose  of  this  branch  of  mathe- 
matics, although  its  scope  ha«  been  broadened  to  em- 
iirace  all  investigations  of  the  relations  of  certain  ratios 
known  as  the  functions  of  angles. 

A  triangle  is  a  plain  figure  having  three  sides,  the 
junctions  of  which  form  three  angles.  Two  triangles  are 
similar  if  their  corresponding  aJigles  are  equal,  and  identi- 
cal if  the  corresponding  sides  are  equal.  If  any  three  of 


Fig.  1 

the  six  parts — (the  three  angles  and  the  three  sides)  of 
a  triangle  are  known,  and  at  least  one  of  them  is  a  side, 
the  shape  and  size  of  the  triangle  are  determined.  A 
little  thought  will  show  that  one  could  not  construct  other 
than  identical  triangles  and  make  any  one  side  and  two 
angles  alike,  or  any  two  sides  and  one  angle  alike  or 
tlie  three  sides  alike.  Given,  then,  the  numerical  values 
of  any  three  such  parts,  the  unknown  ])arts  can  be  com- 
puted by  trigonometry. 

From  the  foregoing  it  is  evident  that  there  is  an  inter- 
dependence of  the  angles  and  sides  of  triangles.  To  study 
tliis  interdependence  trigonometry  makes  use  of  the  right 
triangle. 

In  Fig.  1,  ABC  is  an  acute  angle.  If  a  number  of 
parallel  lines  be  drawn  perpendicularly  to  BC .  as  DE,  FG 
and  AC,  there  will  be  formed  a  number  of  similar  tri- 
angles, all  having  the  angle  .4  7>'(^  in  common  and  the  cor- 
responding sides  will  be  proportional.  Suppose,  for  ex- 
ample, that  BC  has  been  made  just  twice  as  long  as  BE.  it 
is  quite  apparent  that  BA  is  also  twice  as  long  as  BD  and 
AC  twice  as  long  as  I)K.  Siuci'  tliesc  ratios  hold  it  is  also 
true  that 

BjE  _  BJf  _  B  C      ^BE  _  BC,  _  BO 
BD~  BF~  BA         DE  ~  FG  ~  AC 

Suppose  numerical  values  to  be  substituted  for  these 
lengths  of  sides,  then  each  fraction  (or  ratio)  would  have 
a  numerical  value  that  would  be  the  same  for  all  right 
triangles  having  the  same  acute  angle. 

These  ratios,  of  which  there  are  six,  are  called 
trigonometrical  functions  and  (with  reference  to  the 
angle  5*40^  or  angle  A  for  short,  Fig.  2)  are  given  names 
as  follows : 


The  ratio  of  the  opposite  .side  (a)  to  the  hypothem 
((■)  is  called  the  .sine  of  A   (abbreviated — ain  A). 

The  ratio  of  the  adjacent  side  (&)  to  the  hypothen 
((•)  is  called  the  co.dne  of  A  (abbreviated — cox  A). 

The  ratio  of  the  opposite  side  (a)  to  the  adajcent  s 
(&)  is  called  the  tangent  of  A  (abbreviated — tan  A). 

The  ratio  of  the  hypothenuse  (c)  to  the  adjacent  s 
(6)  is  called  the  secant  of  A  (abbreviated — sec  A). 

The  ratio  of  the  hypothenu.se  (c)  to  the  oppasite  s 
(a)  is  called  tlie  cosecant  of  A  (abbreviated — esc  A). 

An  easy  way  to  remember  these  ratios  or  functions 
to  fix  in  the  mind  the  picture  of  this  triangle.  Fig. 
and  memorize  the  followino;  in  connection  with  it: 


Sin  . 

=  ;; 

cosA^'-. 
c 

Tan  . 

-i 

cot  A  =  *- 
a 

See  . 

=i 

CSC  A  =  - 
a 

Functions  Iiici'uesentkd  by  Lines 

Another  and  perhaps  simpler  way  of  remembering 
functions  is  in  connection  with  the  diagram.  Fig.  3,  wli 
the  functions  are  represented  by  lines. 

All  of  the  ratios  given  in  reference  to  Fig.  'i  can 
represented  by  lengths  equal   to  the  numerators  if 
denominators    are    made    equal    to    one.     For    exam 

sin  A  =    -    i)ecomes  siji  4  =  a  if  c  =  1. 
c 

Let  a  circle  be  drawn  with  a  radius  equal  to  1  and 


Fig.  2 

angle  .1  be  laid  off  at  its  center,  as  in  Fig.  3,  AB  (oi 
is  now  equal  to  1  and  BC  (or  a)  now  represents  by 
length  the  sine  of  the  angle  A;  then  it  may  be  so  marl 

Similarly  for  cos  A  =    -.    if  c  =  1  cos  A  =  b,  or 

line  AC  in  Fig.  3.  DB  being  c()nal  to  AC  may  al.st 
taken  to  represent  the  cosine. 

If,  now,  the  tangent  be  considered,  the  triangle  n 
be  extended  (but  is  still  similar  so  that  the  ratios  h( 
until  the  side  adjacent  to  the  angle  A  (h)  becomes  ; 
equal  to  the  raditis  of  the  foundation  circle  of  the 
gram.  Fig.  3.  Side  b  is  now  represented  by  the  line 
and  side  a  by  the  line  EF  which  therefore  represents 
its  length  the  tangent  of  A  and  may  be  so  marked. 
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I    Let  the  triangle  be  still  further  extended  until  the  side 
tlpposite  the  angle  A    (a)   is  equal  to  the  radius  of  the 

bundation  circle  as  at  GH,  and  then  cot  .4   =     -     be- 

a 

jonies  cot  A  =  b,  represented  on  the  diagram  by  AH,  or, 
j?hat  is  the  same  thing,  IG,  which  may  be  so  marked. 

c 
'  For  the  sec  A  =    j,     b  has  already  been  made  equal 

io  1  at  AF  so  that  the  line  representing  the  secant  is  al- 
'eady  in  the  diagram,  being  AE  and  similarly  for  the 

sc  A  =    -  ;   when  a  equals  1,  or  GH,  c  =  AG. 

All  of  the  foregoing  functions  which  have  been  referred 
0  as  functions  of  angles  are  functions  also  of  the  cor- 
■esponding  arcs,  since  for  every  angle  there  is  one  arc, 
m  arc  being  measured  in  degrees  as  is  an  angle.  There 
ire,  in  addition,  two  other  functions  which  appear  in  the 
liagram.  Fig.  3,  but  they  have  no  part  in  the  ratios  ex- 
sting  in  a  triangle  as  indicated  in  Fig.  2.  These  other 
'unctions  are  known  as  the  versed  sine  and  the  versect 
'.osine  or  as  they  are  more  often  called,  the  versine  and 
he  coversine.  The  versine  is  that  part  of  the  diameter  in- 
erceptcd  between  the  extremity  of  the  arc  and  the  foot  of 
1  cot 


Fig.  3 

he  sine,  shown  by  the  line  CF  iu  Fig.  3.     As  the  cosine 
nd  the  versine  added  together  make  the  radius 

vers  =1  —  cos 
^he  coversine  is  shown  at  Dl  and  added  to  the  sign  equals 
lie  radius  so  that 
■■  covers  ^1  —  sin 


Study  Questions 

1.  Find  the  values  of  the  functions  of  angle  A  if  a,  b 
nd  c,  Fig.  2,  equal  3,  4  and  5  respectively. 

3.  If  «  =  2-1  and  b  =  143,  what  would  be  the  sin  A 
nd  what  would  be  the  cos  B  ? 

3.  The  tangent  of  the  angle  of  elevation  of  the  sun 
eing  found  to  be  0.8  at  a  certain  hour,  what  is  the 
eight  of  a  chimney  which  at  the  same  hour  casts  a 
ladow  160  ft.  long? 

4.  In  a  right  triangle  the  hypothenuse  (c)  is  240 
t.,  the  sin  A  =  0.6  and  cos  A  =  0.8 ;  find  the  other  two 
^dcs. 

5.  If  sin  A  =  cos  2 A,  what  is  the  angle  A9 


OVER  THE  SPILLWAY 

JUST      JESTS,      JABS,      JOSHES      AND     JUMBLES 


"Here's   the   very   note. 

And  this  is  what  he  wrote:" 

"Dear  Sirs  Just  a  line  to  let  you  l^now  to  discontinue  send- 
ing the  power  book  as  I  dont  thinlc  its  an  education  book  tor 
I  know  more  about  engineneering  than  what  the  book  can 
learn  me  so  Therefore  please  stop  sending  it  Obliging  Mr  Wm 
Woods  Mineville  N  Y" 

"Mr  Wm"  sure  writes  us  a  real  polite  note,  and  we  are 
sorry  we  can't  learn  him  nothing;-  about  "engineneering" —  But 
judge,  your  honor  we  have  other  witnesses  whose  testimony 
ivill   show   that — 


Now,  here's  a  letter  we'd  cheerfully  answer  but  it  has  no 
name  or   address: 

"Dear  Editor  I  would  like  to  have  the  answer  to  the 
fowing  No.  1  how  ough  a  return  tublur  boilder  be  set.  level 
or  3  inces  lower  at  the  back  No.  2  how  to  found  out  what 
size  punp  is  needes  for  a  given  H.   P." 

If  this  unknown  seeker  after  l^nowledge  will  watch  the 
"Inquiries  of  General  Interest"  page  he  will  find  out  what 
he   wants    to   know. 


A  St.  Louis  professor  has  announced  a  new  law  in  physics. 
That's  it,  we  are  going  clean  crazy  over  the  making  of  new 
laws.  Why  not  stick  to  the  old-fashioned  physics  of  our 
boyhood,  meaning  to  be  duly  respectful  toward  castor  oil 
and    such? 


What  chance  has  a  ghost  these  days?  asks  "Collier's."  An 
old  Bacli  Bay  house  was  thouglit  to  be  tenanted  by  "ghouls, 
ghosts,  goblins,  wraiths  and  banshees,"  until  Prof.  Schneider, 
of  the  Massachusetts  Institute  of  Technology  investigated — 
and  then  had  a  man  mend  a  leaking  gaspipe.  Some  psychol- 
ogy! 


"What  are  the  ten  greatest  inventions  of  our  time?"  asked 
the  "Scientific  American"  recently.  It  awarded  the  prize  to 
the  contestant  sending  this  list:  The  electric  furnace,  the 
steam  turbine,  the  gasoline  automobile,  the  moving  pictures, 
the  aeroplane,  wireless  telegraphy,  the  cyanide  process,  the 
induction  motor,  the  linotype,  the  electric  welding  process. 
And  all  this  was  accomplished  in  a  quarter  century.  Can  you 
n;-me  offhand   s°v'en   of   tlie    inventors? 


The  Panama-Pacific  Exposition  folks  have  planned  a 
"temple  of  childhood"  to  exhibit  little  kids'  pictures.  What's 
its  particular  value?  Of  course,  friend  wife  knows  her 
"little  Willie  is  just  the  prettiest,  brightest  little  tilce  in  all 
the  world,"  but —  Suppose  she  goes  to  this  exposition  and 
stands  next  to  a  big  mutt  who  is  say'ng:  "Hey,  Liz,  pipe  de 
kid  wid  de  putty  snoot:  he's  all  mouth  but  de  ears!  D'ye 
git  hep  to  de  googoos?"  You  see,  nobody  will  love  Willie  but 
mother.  We  reckon  the  temple  of  childhood  is  just  home. 
Isn't  it? 


A    THANKSGIVING    PROCL.\l»IATIOIV 

Thursday's  Thanksgiving  Day,  Bill!  Let's  be  thankful — 
thankful  that  we  have  a  job:  that  our  folks  are  free 
of  sickness,  and  of  sorrow,  and  of  want;  that  on  occasion  we 
can  still  scare  up  a  hearty  laugh  and  a  cheery  smile;  that  our 
Ethelbert  can  lick  any  other  kid  op  the  block;  that  Edythe  and 
her  Adelbert  are  soon  to  be  made  one — and  we'll  have  the 
"front  room"  to  our'^elves.  Being  thankful  is  a  "thank-you" 
job,   but  it   pays. 

And  say.  Bill,  mebbe  our  missis,  'way  down  deep  in  her 
heart,  is  thankful  that  we  are  fairly  decent  fellers  as  hus- 
bands go  these  days — that's  a  whole  lot  to  be  thankful  for, 
son. 

There  are  mean  spots  aplenty  on  the  knotty  old  face  of 
Mother  Earth — and  perhaps  thcr?  are  folks  who  think  you  and 
me,  Bill,  are  contributing  a  bit  to  'em.  Reckon  we  do  feel 
and  act  kind  of  mean  and  ornery  on  our  off  days,  we're  just 
plain,  run-of-mine  chaps  at  our  best.  But  we're  going  to 
do  better,  and   we're  trying,  ain't  we,   Bill? 

So let's  buck  up,  you  and  me,  and  be  thankful! 
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Effect  of  Peak  Load  on  Boiler  Operation 


SYNOPSIS — The  economy  of  liainlliiig  peak  loads  hy 
forcing  the  boilers  io  ^00  per  cent,  or  mure  of  their  rating. 
Incident  io  ihix,  greater  attention  .thould  he  paid  in  llie 
feed  water. 

The  handliug  of  peak  loads  iu  power  stations  sup- 
plying service  to  railway  or  lighting  systems  is  a  mat- 
ter of  daily  operation.  In  addition  to  the  daily  load 
clianges  there  is  a  peak  due  to  the  seasonal  changes  of 
traffic  or  lighting  requirements  that  fixes  the  maximum 
demand  to  which  the  plant  equipment  must  be  propor- 
tioned. 

There  has  long  been  prejudice  against  what  has  been 
termed  the  "forcing"  of  boilers  and  all  kinds  of  dire  con- 
sequences have  been  predicted  in  addition  to  exaggerated 
statements  as  to  the  loss  in  boiler  efficiency  by  such  prac- 
tice. There  is,  however,  a  gradual  breaking  away  from 
these  ideas,  particularly  in  the  larger  and  more  modern 
stations. 

Approximately  one-fifth  of  the  total  heat  supplied  by 
the  furnace,  when  operating  at  200  lb.  pressure,  is  repre- 
sented in  raising  the  temperature  of  the  feed  water  from 
200  deg.  F.,  to  steam  temperature.  The  full  opening 
of  the  valve  may  deliver  water  to  the  boiler  at  a  rate 
of  five  or  ten  times  the  normal  rate  of  evaporation.  Thus 
if  the  feed  valve  remains  open  for  any  considerable  time 
the  total  heat  input  from  the  furnace  may  be  spent  in 
raising  the  temperature  of  the  water  and  at  this  time  the 
output  of  the  boiler  is  reduced  to  practically  nothing. 
These  features  of  feed-water  regulation  are  now  better 
understood,  with  the  result  that  regulators  are  now  avail- 
able which  give  a  graduated  control  of  the  feed  water 
and  permit  a  variation  iu  the  water  level  between  any 
two  extremes  that  may  be  fixed.  The  height  of  the  water 
in  the  gage-glass,  when  the  water  level  remains  constant. 
is  then  some  indication  of  the  rate  at  which  the  boiler  is 
being  worked.  This  method  of  feed  control  enables  peak 
loads  of  short  duration  to  be  carried  with  a  more  uniform 
working  of  the  furnace,  as  sudden  demands  for  steam 
will  cause  a  fall  in  the  water  level  without  a  correspond- 
ing increase  in  the  rate  of  feed.  The  value  of  the  gradu- 
ated control  of  the  feed-water  supply  will  be  appreciated 
when  it  is  remembered  that  the  water  contained  in  the 
drums  of  an  ordinary  500-lip.,  water-tube  boiler  is  suffi- 
cient to  supply  full  rated  capacity  for  five  minutes  with  a 
fall  in  water  level  of  only  one  inch  without  other  feed 
supply. 

Curves,  showing  the  combined  efficiency  of  boiler  and 
furnace  when  operating  at  various  rates  of  evaporation 
(from  and  at  212  deg.  F.)  per  sq.ft.  of  heating  surface,  are 
herewith  shown.  It  will  be  noted  that  the  stoker-fired 
water-tube  boiler  is  operated  to  about  10  lb.  of  water  per 
sq.ft.  of  heating  surface  (from  and  at  212  deg.  F.),  the 
oil-fired  marine  boiler  to  about  19  lb.,  and  the  hand-fired 
locomotive  boiler  to  slightly  over  20. 

The  usual  rating  of  boilers  in  stationary  service  is  10 
sq.ft.  per  b.hp.,  which  is  equivalent  to  the  evaporation  of 
3.45  lb.  (from  and  at  212  deg.  F.)  per  sq.ft.  of  heating 
surface  per  hour.     By  reference  to  the  curve,  it  will  be 

•From  a  report  by  B.  F.  Wood,  of  the  Committee  on  Power 
Generation.  American  Electric  Railway  Engineering  Asso- 
ciation. 


noted  that  the  combined  boiler  and  furnace  efficiency  at 
rating  (3.4.5  lb.  per  sq.ft.  of  heating  surface  per  hour) 
is  80  per  cent.:  if  the  boiler  and  furnace  are  worked  at 
double  rating  the  efficiency  is  74  per  cent.  This  per- 
formance, of  course,  represents  conditions  obtaining  at  a 
constant  rate  of  working,  and  in  the  everyday  operation 
of  power  stations  the  combined  efficiency  rarely  exceeds 
70  per  cent.,  which  is  due  to  the  losses  that  occur  during 
the  period  of  light  loads  when  boilers  are  banked  or  held 
in  reserve.  By  operating  at  higher  rates  during  peak- 
load  periods  the  number  of  boilers  that  must  be  banked 
at  the  time  of  light  loads  will  be  less  and  consequently 
the  losses  that  occur  at  such  times  will  be  reduced. 

To  show  that  the  total  cost  of  plant  output  is  not  in- 
creased, but  on  the  contrary  is  decreased,  with  the  higher 
rates  of  the  working  of  the  boiler  plant,  it  may  be  said 
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that  the  boiler-room  portion  of  the  ordinary  power  plant 
costs  about  $30  per  kw.  when  boilers  are  installed  on  the 
basis  of  operation  at  rated  capacity.     The  cost  can  be 
reduced  to  nearly  half  this  amount  if  the  boilers  are  in- 
stalled to  operate  at  double  rating  during  the  peak-load 
periods,  thus  reducing  the  first  cost  of  the  plant  by,  say, , 
$12  per  kw.    The  saving  in  fixed  charges  on  this  amount,  j 
at  12  per  cent,  per  annum,  would,  therefore,  amount  to_ 
$1.44  per  year  on  each  kilowatt  of   installed  capacity.;! 
Taking  the  yearly  load  factor  at  27.5  per  cent.,  which  j 
corresponds  to  an  annual  output  of  about  2500  kw.-hr.  I 
per   kilowatt   of   installed   capacity,   the   saving  in  fixed  | 
charges   becomes   0.58   mil   per   kw.-hr.      The   coal   con- 
sumption per  kilowatt-hour  of  the  plant  will  be  increased  , 
in  an  inverse  proportion  to  the  boiler  efficiency  at  the  ■ 
two  rates  of  working  and  there  will  be  required,  if  the 
plant  is  worked  at  double  rating  during  peak  loads,  ^''/t, 
of  the  coal  at  normal  rating.    Such  a  plant  would  operate" 
at  2  lb.  of  coal  per  kw.-hr.  under  normal  operation,  re- 
quiring, therefore,  5000  lb.  of  coal  per  year  per  kilowatt 
of  installed  capacity,  which  at  $2.50  per  net  ton  amountS; 
to  $6.25  per  year.    The  annual  cost  for  fuel  at  the  highen 
rate  of  operation  would,  therefore,  be  ^'Vti  of  $6.50  or; 
$6.75,  an  increase  of  50c.  per  kilowatt  of  installed  capac-^ 
ity  per  year  for  fuel.     The  net  gain  at  the  higher  ratt 
of  working  would,  therefore,  be  nearly  $1  per  year  per 
kw.  of  plant  capacity.     The  gain  under  actual  operating, 
conditions  would  no  doubt  be  greater,  because  the  diffePj 
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le  in  the  combined  efficiency  of  boiler  and  furnace,  un- 
f  the  average  rate  of  working,  would  not  be  as  great 
the  difi'erence  at  the  maximum  rate  of  working  as  taken 
ave.    It  is  evident,  therefore,  that  lower  total  costs  may 

obtained  by  operating  the  boilers  at  higher  rates  of 
iporation  during  the  peak-load  periods. 
It  is  necessary  to  give  greater  attention  to  the  condi- 
n  of  the  boiler-feed  water,  where  the  boilers  are  to  be 
prated  at  high  steaming  rates  as  injury  to  the  tubes 
[more  likely  to  occur  under  this  condition,  particularly 

the  water  contains  scale-making  matter.  This,  of 
brse,  is  of  less  importance  where  surface  condensers  are 
bd  and  the  percentage  of  makeup  water  is  small,  but  in 
jints  where  jet  condensers  are  used  it  may  be  necessary 

provide  for  treatment  of  the  feed  water.  The  usual 
fthod  of  treatment  is  by  caustic  soda  or  soda  ash,  added 
lile  the  water  is  hot,  preferably  at  about  200  deg.  F. 
ter  this  treatment,  and  before  the  water  is  fed  into  the 
ilers,  dry  soluble  tannin  extract  may  be  introduced 
lich  will  keep  the  scale-making  matter  in  solution.  The 
it  for  chemicals  for  this  treatment  is  from  one  to  two 
'ats  per  1000  gal.  and  gives  as  good  results  as  can  be 
lained,  except  by  evaporation. 

There  is  a  process  of  water  purification  by  evaporation 
ing  tried  out  at  the  present  time,  where  the  heat  is 
j)plied  by  compressing  the  vapor  by  a  positive  blower 

about  1  lb.  above  atmospheric  pressure.  It  is  stated 
at  this  system  will  evaporate  about  100  gal.  per  kw.-hr. 
d  if  current  for  the  operation  is  taken  during  the  off- 
ak  hours  it  may  be  furnished  at  the  actual  cost  of  the 
el. 

In  plants  that  are  to  be  worked  at  high  rates  of  evap- 
ation  it  is  important  to  select  only  those  types  of  boil- 
5  which  are  free  from  stresses,  due  to  temperature 
anges,  and  which  permit  of  easy  renewal  of  tubes.  When 
ilers  are  to  be  worked  during  peak-load  periods  at  from 
to  10  lb.  of  water  per  sq.ft.  of  heating  surface,  that 
i  from  two  to  three  times  the  rated  capacity,  the  total 
l,st  of  the  boiler  plant  will  be  so  greatly  reduced  that 
(e  very  best  boiler  structure  for  the  purpose  can  be  se- 
ated without  greatly  increasing  the  cost  of  the  plant. 
fie  cross-drum  type  of  boiler  offers  advantages  for  high 
Stes  of  working  as  the  discharge  from  the  upward  cir- 
Jlation  of  steam  and  water  is  near  the  center  of  the 
loss  drum  and  therefore  near  the  normal  water  level, 
us  liberating  the  steam  near  the  surface  of  the  water 
rich  permits  of  freer  and  more  rapid  circulation.  It 
:|  this  type  of  boiler  that  is  designated  as  the  marine 
ijiler  on  the  curve  showing  the  very  high  performance 
\i  high  economy. 


The  Value  of  the  Engineer 

By  Dwight  B.  Pangblkx 

fin  the  following  is  an  example  of  how  the  engineer 
jn  make  himself  more  valuable — both  to  his  employer 
;id  himself. 

A  certain  factory  in  New  England  has  a  power  plant 
ntaining  five  return-tubular  boilers  aggregating  about 
'0  boiler  hp.,  supplying  a  100-hp.  Corliss  engine,  a  100- 
'n  refrigerating  machine  (compressor),  a  direct-con- 
'cted,  direct-current  generating  unit  of  75  kw.  (the 
ime  mover  being  a  horizontal  compounf]  engine),  a 
iplex  pump  of  2,000,000  gal.  per  24  hr.  capacity,  belt 


driven  from  a  vertical  simple  engine,  and  various  other 
smaller  steam  pumps.  The  product  has  to  be  both  heated 
and  cooled  in  process  of  manufacture.  This  requires 
steam  for  heating  and  refrigerating  plant  for  cool- 
ing. The  engineer  has  charge  of  both  the  operating  and 
repair  departments,  and  is  also  called  on  to  superintend 
his  men  in  doing  any  installation  work  necessary  in  the 
plant. 

A  little  before  the  end  of  1907  the  chief  engineer  left 
to  take  a  better  position  and  a  new  engineer  was  em- 
ployed. The  first  thing  the  new  man  was  told  was  that 
the  one  who  had  preceded  him  was  a  pretty  fine  engi- 
neer, and  that  if  he  could  keep  things  running  as  well 
as  they  were  when  he  took  the  job  the  company  would 
ask  nothing  further  from  him.  Whether  this  was  said 
becaiise  the  officials  believed  it  or  not,  it  very  naturally 
had  the  effect  of  starting  the  new  man  to  look  for  every 
chance  he  could  find  to  make  improvements.  He  was 
given  his  predecessor's  last  year's  record  as  a  model  and 
did  not  learn  for  some  time  that  it  was  20  per  cent,  bet- 
ter than  the  man's  average  for  all  the  time  he  had  been 
on  the  job. 

The  first  thing  that  caught  the  new  man's  eye  was  that 
the  firemen  were  not  firing  well.  They  were  leaving 
holes  in  the  fires  all  the  time  and  were  sloppy  in  many 
ways.  He  also  saw  that  the  firemen  were  working  in 
two  shifts  of  12  hr.  each.  He  reasoned  that  no  one  could 
expect  consistently  good  firing  from  men  throwing  coal 
for  12  hr.  a  day,  seven  days  a  week,  so  he  immediately 
cut  the  hours  from  12  to  9  per  day,  giving  the  men  one 
day  oft'  in  two  weeks,  and  giving  them  the  same  amount 
of  pay  per  week.  He  also  installed  a  recording  pressure 
gage  where  the  firemen  could  see  it  and  at  the  same  time 
requested  them  to  fire  a  little  better — there  has  not  been 
a  hole  in  the  fires  since,  and  the  cards  from  the  gage 
are  very  good. 

There  had  also  been,  formerly,  two  watch  engineers,  on 
two  12-hr.  shifts  and  working  365  days  a  year.  Consider- 
ing that  what  was  fair  for  the  firemen  was  fair  for  the 
engineers,  he  added  another  watch  engineer  and  made 
three  8-hr.  shifts,  thus  also  allowing  the  men  two  Sun- 
days off  out  of  every  three. 

Not  content  with  thus  assisting  the  operating  force 
to  make  a  better  record,  he  made  another  valuable  change. 
The  layout  of  the  plant  makes  it  necessary  to  have  the 
coal  dumped  in  the  yard,  being  wheeled  from  the  coal 
pile  into  the  boiler  room  in  wheelbarrows  by  hand.  The 
boiler-room  floor  was  of  earth.  The  firemen  frequently 
dug  up  sections  of  the  floor  and  threw  it  into  the  furnaces 
along  with  the  coal.  This  made  it  bad  for  all  concerned 
so  the  engineer  had  a  smooth  concrete  floor  laid  in  the 
boiler  room  and  a  walk  out  to  the  coal  pile,  so  that  the 
coal  could  not  only  be  easily  wheeled  in  from  the  coal 
pile,  but  could  also  be  easily  shoveled  up  from  the  floor. 

In  addition  to  these  radical  changes  he  began  buying 
coal  that  cost  50c.  more  per  ton,  proving  by  analyzing 
it  that  he  was  getting  more  heat  units  per  dollar. 

All  these  changes  came  in  the  year  of  1908,  yet  by 
looking  at  the  appended  table  it  will  be  seen  that  the 
saving  was  sufficient  to  more  than  pay  for  the  increased 
wages  and  other  expenses,  as  the  operating  costs  were 
1.1c.  less  per  unit  of  manufacture  than  in  the  preceding 
year,  this  being  about  5  per  cent,  less  cost  while  7  per 
cent,  more  work  was  turned  out  of  the  shop.  During  the 
month  when  the  best  showing  was  made,  when  10,100 
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units  of  manufacture  were  turned  out,  521  tons  of  coal 
were  saved,  as  compared  with  the  corresponding  period 
during  the  preceding  year,  when  the  amount  of  work  done 
was  almost  identical. 

The  new  engineer  soon  found  why  his  predecessor's 
last  year  had  been  the  least  expensive.  It  was  because 
he  had  left  all  the  work  he  could  for  the  new  man  to 
take  care  of.  Among  other  things  there  was  hardly  a 
tight  valve  in  the  whole  plant,  even  on  the  ammonia 
Hues.  A  valve-seatiug  machine  was  purchased  aud  as 
many  men  as  could  be  spared  were  set  at  work  on  the 
l^iping.  In  time  the  valves  were  all  fixed  and  the  leaks 
in  the  piping  taken  care  of,  often  by  jmtting  in  whole 
new  lines  of  pipe.  This  work  was  hindered  by  having  at 
this  time  to  devote  half  the  force  to  tlie  work  of  install- 
ing automatic  sprinklers  in  a  large  jJart  of  the  works,  the 
men's  pay  still  being  charged  against  the  operating  de- 
partment, while  they  were  doing  this  work.  While  in  the 
piping  business,  and  going  on  the  idea  that  each  6  sq.ft. 
of  exposed  steam  piping  will  eat  up  one  ton  of  coal  per 
year,  half  a  carload  of  pipe  covering  was  put  on,  aud  so 
the  coal  pile  was  again  conserved. 

After  the  company  was  induced  to  buy  the  operating 
department  an  indicator,  something  never  considered 
worth  while  before,  the  engine  valves  were  shown  to  be 
out  of  adjustment  and  the  rings  leaking  badly.  By  fixing 
these  two  difficulties  the  amount  of  steam  used  for  power 
was  cut  down  about  20  per  cent.,  which  soon  paid  for 
the  indicator. 

Still  the  new  engineer  thought  that  the  saving  was  not 
enough.  He  was  having  the  boilers  cleaned  regularly, 
and  oftener  than  ever  before  but  he  thought  they  needed 
further  attention.  He  secured  a  $25  flue-gas  apparatus 
and  tested  his  flue  gas.  To  his  surprise  he  found  only 
3.5  to  -1  per  cent,  of  CO,,  showing  that  two  or  three 
times  as  much  air  was  being  supplied  as  should  be.  He 
had  already  plugged  and  cemented  up  numerous  holes  in 
the  boiler  settings,  and  decided  the  trouble  must  be  in 
the  hollow  walls  between  adjacent  boilers.  (The  boilers 
were  in  one  battery  of  three  and  one  of  two.)  These 
walls  seemed  in  good  condition,  but  he  investigated  more 
carefully,  rebuilt  the  walls  entirely  and  the  flue  gas 
showed  10  to  12  jjer  cent,  of  CO,  while  the  draft  was  also 
much  improved.  This  fault  might  not  have  been  dis- 
covered for  a  long  time  without  the  flue-gas  tester,  and 
thus  a  $25  instrument  aud  a  little  care  saved  a  lot  of 
money. 

As  before  stated,  steam  is  used  in  one  part  of  the  works 
in  the  heating  coils  in  boiling  retorts.  The  boiling  is  ac- 
complished at  a  vacuum  of  15  in.  or  more,  maintained 
by  a  barometric  condenser.  Live  steam  from  the  boilers 
was  being  used  for  the  boiling,  coming  at  60  lb.  gage 
])ressure  to  a  valve  at  the  side  of  the  retort  where  the 
quantity  and  consequently  the  pressure,  were  controlled. 
After  pointing  out  that  steam  at  60  lb.  haa  only  a  tem- 
perature of  310  deg.  F.  while  at  4  lb.  it  had  225  deg.  F., 
aud  that  the  total  heat  available  in  a  pound  of  steam  at 
the  two  pressures  did  not  differ  by  more  than  25  or  30 
heat  units,  he  obtained  permission  from  the  superintend- 
ent to  try  using  exhaust  steam  instead  of  live  steam.  The 
superintendent  feared  it  would  cut  down  his  production, 
but  since  exhaust  steam  was  first  run  through  the  heat- 
ing coils,  no  live  steam  has  entered  them,  not  even  in 
winter. 

The  engineer  had  discovered  that  the  back  pressure 


on  the  engmes  was  about  5  lb.,  because  the  main  oxhaui 
was  too  small  and  had  nearly  a  dozen  right-angle  tun 
in  it.  Now  the  exhaust  steam  is  run  direct  to  the  !)oiliii 
retorts  and  from  them  through  a  large  feed-water  heat( 
to  a  barometric  condenser.  As  a  result  the  engines  e: 
haust  against  from  3  to  4  lb.  back  pressure,  or  less,  tl 
exhaust  passes  through  the  boiling  coils  and  then  hea' 
the  boiler  feed  and  goes  on  to  the  condenser.  The  wat( 
used  in  the  condenser  to  condense  the  steam  comes  dow 
through  the  feed-water  heater  and  then  through  a  horn 
made  economizer  made  of  pipes  running  through  the  u] 
take  of  the  boilers,  and  so  is  finally  pumped  into  tl 
boilers,  usually  at  a  temperature  of  180  to  200  deg.  ] 
While  the  retort  coils  had  to  be  bypassed  and  a  ne 
and  larger  feed-water  heater  put  in,  the  saving  soon  pai 
for  the  expense. 

Naturally  all  these  changes  did  not  occur  at  once.  Tl 
chief  has  only  a  few  men  to  work  for  him  and  the  open 
tions  described  take  time.  The  work  mentioned  was  ma 
of  it  done,  however,  ■  during  1908-9-10.  More  improvi 
ments  are  going  on,  and  all  could  have  been  done  in  lei 
time  were  it  not  that  the  officers  of  the  company  wer 
in  the  beginning,  somewhat  slow  to  give  the  engineer  a  in 
hand,  and  he  had  to  fight  for  whatever  he  got.  Now  th< 
have  got  to  where  they  swear  by  the  engineer  instead  of  i 
him,  and  it  shows  nicely  on  his  pay  cheek,  too. 

The  appended  table  shows  at  a  glance  the  results  of  th 
engineer's  crusade  against  incompetency,  carelessnea 
aud  the  overloading  of  labor.  1907  shows  the  last  ysi 
of  the  first  engineer.  It  is  20  per  cent,  better  than  h 
average.  The  tables  are  based  on  the  unit  of  manulaL-tur 
which  has  remained  the  same. 

The  first  line  shows  the  number  of  units  of  manufa 
ture  turned  out  during  each  year. 

The  second  line,  giving  coal  in  tons  per  unit,  slioT 
how  the  boiler-room  economy  is  helped  by  buying  goc 
coal  and  firing  it  well.  The  third  line,  giving  coal  pi 
unit  in  dollars,  shows  the  financial  result  of  such  actioi 
the  cost  of  coal  ranging  from  17.8  to  22.3  per  cent,  lei 
than  in  1907. 

The  fourth  line  gives  operating  cost  per  unit  in  do 
lars.  This  includes  the  cost  of  coal,  labor  and  supplie 
It  is  higher  for  1909  and  1910  than  in  1907,  but  tl 
result  of  better  quality  labor  is  shown  in  the  reduced  n 
pair  bills. 

Line  five  shows  that  the  repairs  per  unit  have  grow 
steadily  smaller,  due  to  the  better  labor  and  better  a: 
rangement  of  the  plant. 

In  the  seventh  line  is  shown  the  percentage  of  in 
provement,  figured  on  1907  as  a  basis.  While  the  grea 
est  improvement  financially  is  19.1  per  cent,  (in  1911 
the  service  which  the  whole  factory  gets  from  the  ei 
gineering  department  is  admitted  to  be  50  to  100  p( 
cent,  more  satisfactory.  This  is  because  the  men  i 
the  department,  being  contented,  pull  together  instea 
of  apart. 

The  sixth  line  gives  the  total  cost  per  unit  of  the  eng 
neering  department,  this  being  the  sum  of  the  operatic 
and  repair  charges.  It  may  be  summed  up  by  sayir 
that  where  the  old  engineer  turned  out  one  unit  with  di 
satisfied,  inefficient,  underpaid  and  overworked  labor,  ar 
a  plant  that  was  falling  to  pieces,  for  49.3c.;  the  ne 
man,  after  three  years  of  constructive  effort,  was  turnii 
out  the  same  unit  with  higher-paid,  satisfied,  efficient  ei 
gineers,  firemen,  etc.,  and  with  a  plant  that  is  in  & 
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iditioii  and  worth  much  more  than  when  he  began,  all 
39.9c.,  or  80  per  cent,  as  much  as  formerly — and  he 
jtill  doing  it. 

Dhis  is  an  actual  instance  of  engineering  efficiency  in 
ich  the  saving  in  money  amounted  to  thousands  of 
lars  while  the  human  saving  was  also  enormous.  What 
means  to  workmen  is  this :  Earn  more  for  your  em- 
yer  and  you  will  earn  more  for  yourselves.  What  it 
ans  to  employers  is ;  hire  good  men  and  pay  them 
)ugh  to  keep  them  satisfied.  Both  will  profit  as  a  re- 
t  of  such  action. 

TABLE 

Year  1907  1908  1909  1910  1911 

s  manufactured 130,581  139,593  109,012  100,200  127.201 

1  per  unit,  tons 0.386  0.299  0.349  0.342  0.314 

I  per  unit,  dollars 0.130  0.101  0.107  0.106  0.103 

rating  cost  per  unit,  inelud- 

E  coal,  dollars 0.207  0,196  0.218  0.216  0.196 

airs  per  unit,  dollars 0.286  0.267  0.265  0.219  0.203 

Total,  engineering  dept., 

dollars 0.493  0.463  0.483  0.435  0.399 

entage  of  improvement...  0  0.08         2.03  11.76  19.07 

Lytton  Vacuum  and  Lifting  Trap 

rhis  trap  has  been  designed  to  automatically  remove 
idensation  from  any  apparatus  under  low  steam  pres- 
■e  or  any  vacuum  nl>tainabU',  and  lifting  the  water  to 
f  desired  point.  With  a  l"2-in.  head  the  trap  will  work 
to  its  normal  capacity,  which  is  increased  with  more 
id. 

rhe  trap  is  simple  in  construction,  consisting  of  a 
indrical  body  held  in  place  between  two  heads,  by 
'ou^li   bolts.     The  bottom  head  contains  a  tee  wdiich 


further  lifting  of  the  piston  raises  the  lever  which  is  at- 
tached to  the  valve  stem  of  the  steam  and  vent  valves. 
This  movement  opens  the  steam  valve  and  admits  steam 
to  the  body  of  the  trap,  forcing  the  water  out  through 
the  outlet  pipe.  At  the  same  time  steam  is  admitted  to 
tlie  interior  of  the  floating  piston  through  the  valve  A, 


Fui.  1.    SECTio>i  THiiorcii  Yacuu.m  Ti!AP 

'ves  as  an  inlet  and  discharge,  the  connecting  pipes  be- 
l  fitted  with  horizontal  swing  check  valves. 
On  the  inside  of  the  trap  there  is  a  floating  piston 
lich  operates  a  regular  return  steam-trap  valve,  placed 
the  outside  of  the  trap.  The  top  of  the  floating  piston 
provided  with  a  steam-inlet  valve  A,  Fig.  1,  and  a  vac- 
m  valve  B.  A  tappet  spindle  C  passes  through  a  hollow 
iter  of  the  floating  piston.  As  the  trap  fills  with  water 
5  piston   rises   until   the  tappet  is  reached   when   any 


Fig.   2.    Two   6-1  n.    Vacuum   Tkaps 

which  equalizes  the  pressure  on  the  inside  and  outside 
of  the  piston. 

When  the  trap  has  emptied,  the  floating  piston  drops 
until  the  lower  tappet  is  reached  when  the  tappet  rod  is 
forced  downward,  which  movement  closes  the  steam-inlet 
valve  and  opens  the  vent,  thus  admitting  atmospheric 
pressure  to  the  trap.  The  valve  B  permits  of  breaking 
any  vacuum  that  might  have  formed  within  the  floating 
piston  from  condensation  of  the  steam  admitted  through 
the  valve  A. 

There  are  several  salient  points  of  interest  in  the  de- 
sign of  the  trap,  which  is  manufactured  by  the  Lytton 
Manufacturing  Corporation,  sales  office,  60  Church  St., 
New  York  City.  It  requires  but  very  little  floor  space, 
as  illustrated  by  Fig.  3.  The  trap  shown  at  the  right 
is  a  photograph  of  the  largest  trap  in  the  world.  It  has  a 
capacity  of  1000  lb.  of  water  per  minute  at  its  normal 
rate  of  discharge  and  1500  lb.  with  a  maximum  discharge. 
The  small  trap  is  of  standard  size  with  a  capacity  of  400 
lb.  of  water  per  min. ;  maximum  discharge  600  lb.  per 
min.  Both  traps  are  30  in.  in  diameter.  The  large  one 
is  80  in.  high,  the  small  one  is  54  in.  high.  Both  have 
6-in.  inlet  and  outlet  connections. 

The  trap  will  handle  liquids  at  any  temperature  from 
40  deg.  up  and  can  be  used  in  connection  with  a  dry- 
vacuum  pump  to  drain  surface  condensers.  As  it  does 
not  churn  the  water,  it  is  valuable  in  ice  plants,  as  clean 
condensation  will  be  had  even  if  a  small  quantity  of 
pure  oil  is  handled  with  the  water. 

Cooling  Generating  Winding-s — To  aid  in  cooling  gen- 
erators on  overload,  Sydney  P.  Walker,  in  the  "Electrical 
Review  and  Western  Electrician,"  for  Nov.  15,  proposes  to  re- 
frigerate the  air  and  thus  obtain  a  greater  temperature  range 
In  its  passage  through  the  generator  windings.  His  plan 
is  to  use  the  wet-filter  process  of  cleaning  and  cooling  the 
air,  but  instead  of  a  water  spray,  to  substitute  brine  from  a 
refrigerating  system. 
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Purchasing   Agents    Form  Association 

Thi'  formation  of  the  National  Association  of  Purcliasiiig 
Agents  was  consummated  at  tlie  Hotel  McAlpin,  Thursday 
ivL'ning-,  Oct.  16.  Headquarters  will  be  in  New  York  City. 
I  iver  100  purchasing  agents  and  buyers,  representing  large 
industrial  corporations,  railroads,  steamship  lines,  street  rail- 
ways, gas  and  electric  companies  in  New  York,  New  Jersey 
and  Connecticut  are  now  members,  and  many  others  intend 
joining  toward  the   end   of  November. 

H.  T.  Leeming,  of  Thomas  A.  Edison,  Inc.,  was  elected 
temporary  chairman,  and  Elwood  B.  Hendricks,  the  organizer, 
was  elected  temporary  secretary  and  treasurer.  Mr.  Hen- 
dricks is  well  known  to  purchasing  agents,  having  been  con- 
nected with  "Hendricks  Commercial  Register"  for  a  number 
of  years,  and  is  a  son  of  S.  B.  Hendricks,  president  of  the 
Hendricks-Sullivan  Corporation.  Temporary  headquarters  are 
at    the   Hotel   McAlpin,   34th   St.    and   Broadway. 

This  association  will  be  devoted  entirely  to  the  interest  of 
purchasing'  agents  and  buyers,  and  will  have  subassociations 
in  all  sections  of  the  country.  Some  of  the  objects  are  forming 
the  purchasing  agents  and  buyers  into  a  national  body;  the 
standardization  of  purchasing  routine  and  methods;  investi- 
gating new  appliances  and  materials;  improving  methods  for 
diffusing  market  information;  gathering  and  disseminating 
data  on  buying;  standardizing  specifications,  and  other  fea- 
tures of  benefit  to  the  agent  or  buyer. 

The  active  campaign  will  be  inaugurated  after  the  next 
meeting  in  all  the  principal  commercial  centers  for  the  secur- 
ing of  new  members.  Purchasing  agents  and  buyers  are  in- 
vited to  communicate  with  B.  B.  Hendricks.  P.  O.  Box  1406, 
New  York  City. 

Modern  Science  Club's  Activities 

The  winter's  activities  of  educational  and  social  work  at 
the  Modern  Science  Club  of  Brooklyn  are  now  in  full  swing. 
The  educational  committee  will  hold  one  lecture  each  month, 
on  the  third  Tuesday  evening.  It  was  thought  that  in  this 
way  those  who  wished  to  attend  these  lectures'  would  have 
a  better  opportunity  of  being  present,  as  many  of  the  mem- 
bers are  interested  in  other  engineering  associations;  it  also 
insures  a  much  larger  attendance  and  more  interest. 

For  Tuesday  evening,  Nov.  IS,  the  lecture  will  be  on  the 
preservation  and  manufacture  of  metals  for  boilers,  by  W.  P. 
Wilkinson,  supervising  engineer  of  the  Perolin  Co.  On  Dec. 
16,  W.  W.  Montabro,  of  the  Harrison  Safety  Boiler  Works, 
will  talk  on  the  hot-water  meter.  The  clubhouse  is  conveni- 
ently located  at  125  South  Elliott  Place,  Brooklyn,  about  two 
minutes'  walk  from  the  terminus  of  the  subway,  at  Atlantic 
Ave. 

Engineers  and  others  interested  in  steam  engineering  in 
Greater  New  York  are  always  welcome  at  the  clubhouse, 
which  is  admirably  fitted  up  and  adapted  for  the  purposes  of 
an  engineers'  club.  It  contains  parlors,  two  large  meeting 
rooms,  billiard  room  and  cafe,  and  is  now  the  headquarters 
of  several  operating  engineers'  organizations  in  Greater  New 
York,  including  N.  A.  S.  E.  organizations  and  the  United 
Craftsmen's  Council  of  Engineers.  It  is  also  the  headquarters 
of  the  Brooklyn  branch  of  the  Ladies'  Auxiliary  of  the 
N.   A.   S.   E. 

On  each  Tuesday  evening  a  general  social  meeting  with 
entertainment  is  held,  except  on  the  third  Tuesday  of  each 
month,   when   a    special   lecture   program    is   provided. 

The  oflScers  of  the  club  are:  President,  John  P.  Bonney,  of 
the  Thompson,  Bonney  Co.,  electrical  manufacturer  and  eon- 
tractor;  vice-president,  James  R.  Coe,  president.  National  As- 
sociation of  Stationary  Engineers;  secretary,  John  P.  Martin, 
chief  engineer.  College  of  the  City  of  New  York;  financial 
secretary.  James  W.  Starrett,  chief  engineer,  Manhattan  Brass 
Works,  New  Y'ork;  treasurer.  George  O.  Kaley,  chief  engi- 
neer. Naval  T.  M.  C.  A.,  Brooklyn,  N.  Y.  The  directors  of  the 
club  include  many  men  who  are  interested  in  steam-engineer- 
ing work. 

The  club  is  in  a  very  prosperous  condition  and  invites  all 
people  interested  in  steam  engineering  in  Greater  New  York 
to  come  to  the  clubhouse  and  make  it  their  headquarters.  A 
v\'arm    welcome    is    assured. 

Westinghouse  Machine  Co.  Extends 
Facilities 

At  a  recent  meeting  of  the  executive  committee  of  the 
Westinghouse  Machine  Co.,  $125,000  was  appropriated  to  pro- 
vide   additional    manufacturing    facilities. 

This  equipment  is  required  to  take  care  of  the  company's 


ii;creasing  business,  owing  in  a  large  measure  to  the  niiv 
lines  of  products  developed,  particularly  the  impulse  turiiine 
the  reduction  gear,  which  in  addition  to  the  demand  for  ma 
rine  installation,  is  finding  wide  application  in  connectioi 
with  the  large  direct-current  generators.  The  gear  is  inter 
posed  between  the  high  speed  of  the  turbine  and  the  lo\ 
speed   of  the  direct-current   machine  with  its   commutator. 

The  company  contemplates  devoting  a  portion  of  the  ap 
propriation  to  securing  additional  machine  tools  designed  t 
use  high-speed  tool  steel,  fully  realizing  their  advantagei 
and  thus  adding  to  the  already  well  equipped  shop  whicl 
tills   company    now   has   in   operation. 


SOCIETY     NOTES 


The  fourth  annual  convention  of  the  Practical  Refrigeral 
Ing  Engineers'  Association  will  be  held  at  Dallas,  Texas,  o 
Dec.  11,  12  and  13,  at  the  Hotel  Adolphus. 

The  sixth  annual  meeting  of  the  National  Gas  Engine  Al 
sociation  will  be  held  at  Toledo,  Ohio,  at  the  Boody  Hous 
on  Dec.  4,  5  and  6,  An  interesting  pi-ogram  has  been  pre 
pared;  some  of  the  papers  will  appear  in  abstract  in  an  earl 
issue. 
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PERSONALS 


M.  G.  Doll  has  taken  the  position  of  general  sales  mai 
ager  with   the  Bury  Compressor  Co.,   Brie,  Penn. 

Leo  G.  Smith,  who  lias  been  superintendent  of  the  opei 
hearth  works  of  the  Prime  Steel  Co.,  Milwaukee,  Wis.,  ti 
the  past  two  years,  has  been  appointed  works  manager  i 
that  plant  and  also  of  the  company's  crucible  plant. 

Heinrich  J.  Freyn,  formerly  consulting  engineer  of  tl 
gas-engine  department  of  the  Allis-Chalmers  Manufacturii 
Co.,  Milwaukee,  Wis.,  has  recently  joined  the  H.  Coppers  Ci 
Chicago,  111.,   in  the   capacity  of  third  vice-president. 

Otto  Wartenweiler,  formerly  in  charge  of  the  mechanic 
design  and  construction  of  a  400-ton  milling  and  cyanidil 
plant  for  the  Commonwealth  Mining  &  Milling  Co.,  has  upeni 
an  office  in  the  Van  Nuys  Building,  Los  Angeles,  Calif.  I 
will  be  the  manager  for  Otto  Wartenweiler  c&  Co.,  engines 
and  contractors. 

Prank  McManamy  has  been  appointed  by  President  Wilsi 
to  the  position  of  chief  inspector  of  locomotive  boilers  for  tl 
Interstate  Commerce  Commission  to  succeed  Chief  Inspect 
John  P.  Ensign,  whose  death  was  announced  in  "Power" 
Oct.  14.  He  entered  the  service  of  the  Interstate  Commer 
Commission  six  years  ago  as  inspector  of  safety  applianc( 
and  while  in  that  position  served  on  the  committee  whi' 
represented  the  commission  in  the  preparation  of  the  prese 
United  States  Safety  Appliance  Standards.  When  the  loc 
motive  inspection  law  was  passed  he  was  promoted  by  Prei 
dent  T'aft  to  the  position  of  assistant  chief  inspector,  wlii 
he  has  held  up  to  the  present  time,  serving  as  acting  clii 
during  the  illness  of  Mr.  Ensign.  Mr.  McManamy  has  been 
member  of  the  Brotherhood  of  Locomotive  'Firemen  and  E 
gineers  for  over  20  years. 


OBITUARY 


A.  J.  Frith,  associate  professor  of  mechanical  engine(| 
ins  at  Armour  Institute.  Chicago.  111.,  died  suddenly,  in  'I 
oftice  at  the  institute  on  Monday  morning,  Nov.  10,  1913.  Pi 
fessor  Frith,  who  "was  61  years  of  age,  was  born  in  Phi 
delphia,  Penn.  He  graduated  from  Rensselaer  Polytech 
Institute,  Troy,  N.  Y.  After  graduation  he  taught  them 
dynamics  in  Lehigh  University,  Bethlehem,  Penn.  Later,  i 
was  connected  with  a  government  project  in  the  Mississii 
Valley  and  then  with  the  Diesel  Engine  Co..  in  New  York, 
lias  been  associate  professor  of  mechanical  engineering 
Armour  Institute  for  the  last  five  years,  previous  to  tl[ 
having  been  connected  in  various  capacities  with  several 
gineering  companies.  While  at  Armour  he  pursued  so 
important  research  work.  He  was  a  member  of  the  Amerii 
Society  of  Mechanical  Engineers,  the  American  Society 
the  Promotion  of  Engineering  Education,  and  the  Assoc 
tion  of  Automobile   Engineers   of   America. 
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TWO  KINDS  OF  FIREMEN 


P  0  W  E  R 


Completion  of  the  Hale's  Bar  Works 


SV^'OI'SfS--^yafcl■-l)o,r('r  I'hiiil.  ,lrsl(iiinl  for  ioial  ca- 
pariiy  of  ^3^62  Iw.,  to  supply  Cliailaiwoga  with  current 
at  prices  ranging  from  1 1/2  io  W-  Vr  k'"-^^r.  Umts  con- 
aisiiiig  of  tlirce  vertical  tnrUnes  on  one  shaft  and  a  lock 
Willi  'ihe  highesl.  single  lift  in  llie  world  are  inlereshng 
i  I'd  In  res. 

V-  two  tlag-bedeeked  Kleaiuevs  hacked  (nit  inln  the 
Tennessee  River  at  ChattiUiooga  on  Thursday  nioiiung. 
Nov  13,  the  whistles  of  the  factories  lining  the  hanks 
sent' up  a  resounding  salute.  Tt  was  the  Godspeed  of  in- 
dustrial Chattanooga  to  tlioso  who  were  going  to  Hale's 
Bar  to  formally  signalize  the  c-<nni-)etim,  <,f  th.-  dam  and 


Army,  suggested  years  ago,  as  an  alternative  to  the  an- 
nual'expenditure  for  keeping  the  river  open,  the  building 
of  a  dam  which  should  regulate  its  flow  and  incren^r 
its  depth.  Later  C.  E.  James  and  J.  C.  Guild,  two  |.rn- 
n-rcssive  citizens  of  Chattanooga,  eouceived  the  idea  lliai 
the  power  made  available  by  such  a  dam  would  warrant 
llic  cost  of  its  construction  and  in  1!>0-1  secured  the  p:i^>- 
age  of  an  act  of  Congress,  authorzing  the  City  of  Chai- 
tanooga,  or  others  to  whom  it  might  delegate  the  right.  h< 
ronstruct  such  a  dam  at  Scott's  I'oint,  the  eonditmns 
being  that  an  ample  lock  should  be  provided  for  navi-a- 
tion  and  that  the  builder  should  he  entitled  to  the  power 
privileges  for  a  term  of  99  years.     The  city  ceded  the 
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hydro-electric  development  at  that  point  and  to  estaljlisli 
the  connection  which  should  place  at  the  disposal  of  those 
industries  and  others  yet  to  come,  a  source  of  low-priced 
power  which  shall  make.  Chattanooga,  as  its  hustling 
Chamlier  of  Commerce  puts  it,  The  Dynamo  of  Dixie. 

Hale's  Bar  is  only  12  miles  frotn  Chattanooga  as  the 
crow  flies,  but  the  river  winds  over  33  miles  of  cottntry 
in  its  devious  course  through  the  mountains  between  these 
l>oints.  This  33  miles  has  been  a  stretch  of  precarious 
navigation  with  water  enough  to  afford  passage  to  sizable 
-reamers  only  eight  months  of  the  year. 

Dan   C.   Kingman,   now  chief  engineer  of   the   T.    ^. 


in-i\  liege  to  Messrs.  James  and  Guild,  and  they  interestei 
the  late  Anthony  X.  Brady  in  the  project. 

Col.  John  Bogart  and  Thomas  E.  Murray,  of  XeM 
York,  were  retained  as  hvdraulic  and  electrical  engineer! 
and  reported  that  Hale's  Bar,  some  17  miles  furthe: 
down  the  river,  would  be  a  preferable  site,  as  it  offered  i 
foundation  of  solid  rock  and  the  river  widened  out  at  tlia 
IJoint  and  afforded  a  better  egress  for  the  water  in  time 
of  flood,  xi  modification  of  the  concession  was  obtamei 
and  work  commenced  at  Hale's  Bar  in  the  fall  of  1905 

Unforeseen  difficulties  developed  in  the  progress  of  th 
work.     Extensive  clefts  and  faults  in   the  bed   rock  re 
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qui  rod  sealing  by  the  use  of  some  200,000  bag.s  of  ce- 
meat,  and  inanj'  times  the  works  -n-ere  drowned  out  and 
swept  away  in  Ihe  flood  stages  of  the  river.  Several  con- 
tractors tried  it  and  gave  it  up.  The  cost  mounted  higher 
and  higher  above  the  estimate,  but  Mr.  Brady  stuck  it  out 
with  his  characteristic  persistency  and  the  one  note  of  re- 
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gret  at  the  cccasion  wliieh  we  are  reviewing  was  that  he 
did  not  live  to  see  the  work  completed. 

In  several  particulars  this  development  is  remarkable. 
The  dam  of  cyclopeau  concrete  is  from  57  to  6-1:  ft.  wide 
at  the  bottom,  11  ft.  at  the  top  and  53  ft.  in  height.  It 
is  1200  ft.  long,  and  more  water  passes  over  it  than  over 
any  other  dam  on  a  navigable  river  in  the  United  States. 
The  lock  is  built  against  a  rocky  bluff,  has  an  inside 
length  of  :310  ft.  and  a  maximum  lift  of  59  ft.  The  head 
upon  the  gates  is  greater  than  that  upon  those  of  the 
Panama  Canal.  They  are  con.strueted  of  steel  and  operated 
by  electricity.  Each  leaf  of  the  lower  gates  weighs  some 
129  tons. 

The  power  house  of  reinforced  concrete  is  located  u])(i]i 
the  right-liand  bank  of  the  river  as  one  looks  up  stream 
and  is  66  ft.  wide  by  353  ft.  long.  Of  the  length  220 
ft.  is  one  story  high  and  contains  the  turbines  and  gen- 
erators. The  remaining  portions,  three  stories  in  height, 
is  devoted  to  the  switches  and  transformers.  The  operat- 
ing section  is  made  up  of  seven  bays,,  each  designed  to 
contain  two  units,  ten  of  which  are  already  installed. 

Each  unit  consists  of  three  Morgan-Smith  turbines 
mounted  upon  a  vertical  shaft  with  the  generator  at  the 
upper  end.  The  two  lower  turbines  are  72  in.  in  diam- 
eter, the  xipper  65  in.  Under  ordinary  stages  of  the  river 
only  the  two  lower  turbines  will  be  used,  the  third  com- 
ing into  play  when  the  river   is  in  flood  and  the  head 


reduced  by  back  water.  The  head  at  low  water  is  39  ft., 
but  at  the  40-ft.  stage  of  the  river  the  backing  up  of  the 
tail  water  reduces  this  to  19  ft.  The  turbines  run  at 
11314  r.p.m.  and  each,  unit  is  capable  of  developing  5250 
hp.  with  a  head  of  35  ft.  The  generators  have  a  capac- 
ity of  3133  kw.  each  or  13, 8(52  kw.  for  the  completed  sta- 
tion. 

The  current,  generated  at  6600  volts,  60  cycles,  is 
stepjied  up  in  transformers  to  44,000  volts  for  transmis- 
sion to  Chattanooga  where  it  is  expected  that  the  avail- 
able supply  will  be  absorbed. 

At  the  conclusion  of  the  luncheon  with  which  the 
visitors,  who  numbered  some  500,  were  served  upon  their 
arrival  at  the  power  house,  vice-president  P.  J.  Kruesi, 
of  the  Chamber  of  Commerce,  and  chairman  of  the  cele- 
bration committee,  described  the  significance  of  the  oc- 
casion in  a  brief  address  and  introduced  Governor  Hooper,] 
Mayor  Thompson,  E.\-senator  Xcwell  Sanders,  Charles 
M.  Jacobs,  of  Jacobs  &  Davies,  the  contractors,  John 
A.  Patten  and  others  who  spoke  briefly  of  the  meaning 
of  the  occasion  to  Chattanooga. 

Finally  the  company  stood  at  attention  while  the  two 
little  7-year  old  grand-daughters  of  llr.  Brady,  Ann 
Brady  Gavitte  and  Jane  Brady,  threw  the  switches,  whiih 
sent  the  current  into  Chattanooga.  This  event  was  made 
manifest  to  the  Chattanoogan  by  the  lighting  of  the  tliou- 
■<ands  of  incandescent  bulbs  with  which  Chattanodua's 
-kyscraper,  the  James  Building,  named  after  the  sole  -\\r- 
\  iving  promoter  of  the  project,  had  been  garlanded,  and 
they  .«tayed  aglow  all  through  the  afternoon  and  evening, 
tlirowing  an  unaccustomed  glare  throughout  the  busiin-is 
district,  typifying  the  wealth  of  power  that  there  is  n-  v 
to  spare  and  inviting  all  to  come  and  partake  of  it^  a!- 
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vantages.     The  current  will  be  sold  at  the  following  rates 

in  addition  to  a  fixed  monthly  charge  of  $1  per  kw.  of 

maximum  demand  based  upon  the  average  of  a  7i/2-niin. 

peak  load. 

First   2000  kw- llic.   per  kw.-hr. 

Second   2000    kw Il4c.   per  kw.-hr. 

Third    2000    kw Ic.    per  kw.-hr. 

Next   SOOO    kw %c.   per   kw.-hr. 

All  above  14.000  kw %c.   per  kw.-hr. 

Byron  T.  Burt  will  be  tlie  general  manager  of  the  plant. 

The  culminating  feature  of  the  da)''s  celebration  was  a 
banquet  ordered  by  the  Chamber  of  Commerce  to  the 
visitors  at  the  Signal  Point  Inn  on  the  mountain  of  that 
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le.  Ex-seiiator  James  B.  Frazier  made  a  happy  toast- 
ter,  and  aiipropriately  commenced  the  postprandial 
•cises  by  calling  for  a  rising  silent  toast  to  the  memory 
he  man  whoso  faith  in  the  project  and  courage  and 
iistency  in  its  execution  had  made  possible  the  event 
ch  they  were  commemorating.    Mr.  Brady's  two  sons, 


the  newly  elected  president  of  the  American  Institute 
of  Electrical  Engineers;  Adolph  S.  Ochs,  proprietor  of 
the  Chattanooga  and  New  York  Times;  Charles  M. 
Jacobs,  of  Jacobs  &  Davies,  the  contractors  who  success- 
fully completed  the  work,  and  C.  B.  James,  the  parent  of 
the  project. 

COffC     DAM 


DOWN     STREAM 

Fig.  6.  Plan  View,  Showing  Layout  of  Power  Plant 
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?iG.  7.  Tdansverse  Section,  Showing  tiik  Three 
TruBiNES  on  One  Shaft 

icholas  F.  and  James  C,  were  present.  Toasts  were  re- 
)onded  to  by  Chief  Engineer  John  Bogart,  Speaker  E. 
.  Allman,  of  the  Alabama  house  of  representatives,  on 
ihalf  of  the  governor  of  that  state.  Governor  Ben  W. 
:ooper,  of  Tennessee,  Thomas  E.  Murray,  of  the  New 
ork  F^dison  Co.,  who  in  addition  to  representing  the 
rady  interests  was  the  representative  of  C.  0.  Mailloux, 


When  the  industrial  hislui'y  of  America  is  written  this 
will  be  recorded  as  one  of  the  earliest  and  most  notable 
instances  in  which  industry  and  commerce  joined  hands 
in  an  enterprise  of  magnitude  which  should  conserve  for 
the  one,  a  mighty  natural  asset  hereto  worse  than  wasted. 
and  open  to  the  other  new  facilities  for  the  transporta- 
tion of  the  products  of  the  first  augmented  in  volume  and 
value  by  the  new  power  placed  at  its  command. 

No  Coal  after  Eighty  Years? 

That  the  life  of  the  anthracite  industry  in  Pennsyl- 
vania is  only  81  years,  if  the  various  estimates  upon  which 
he  bases  his  average  are  correct,  was  the  conclusion 
reached  by  M.  S.  Hachita,  chemist  of  the  Lehigh  Valley 
Coal  Co.,  in  a  speech  made  before  the  New  York  &  West- 
ern Pennsylvania  Coal  Merchants  Association. 

The  first  estimate  he  quoted  was  that  of  the  Geological 
Survey  of  Pennsylvania,  according  to  which  there  were 
approximately  19,500,000,000  long  tuns  in  the  ground 
prior  to  mining  operations  in  that  state.  Taking  an  av- 
erage of  40  per  cent,  as  the  proportion  which  can  be  ex- 
tracted, this  would  leave  7,800.000,000  tons  as  the  initial 
supply.  Since  1820  the  total  tonnage  mined  has  been 
l,r82',961,363.  which  would  leave  .5,917,038,737  tons  still 
available. 

T.  S.  Harris  estimated  that  there  were  originally  in 
the  ground  14,453,379,600  cu.yd.,  which  is  equivalent  to 
16,766,000,000  tons.  By  again  taking  40  per  cent,  as  the 
proportion  which  can  be  extracted  and  deducting  the  ' 
total  amount  mined,  4,823,438,737  tons  are  left  avail- 
al)le.  A.  D.  W.  Smith,  one  of  the  commissioners  of  the 
coal-waste  investigation,  estimated  the  available  supply 
of  anthracite  in  1892  at  6,898,000,000  tons.  Since  then 
1,141.684,910  tons  have  been  mined,  leaving  5,564,715,- 
090  yet  to  be  mined.  In  1896,  William  Griffith  estimated 
the  available  coal  yet  to  be  mined  at  5,073,786,000  tons. 
Since  then  1,096,963,635  tons  have  been  mined,  leaving 
3.976,832,305  tons  in  the  ground.  The  average  of  these 
four  estimates  by  experts  is   5,070,506,217  tons. 

Dividing  this  by  the  probable  consumption,  gives  the 
above  number  of  years. 
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Standard  Umbrascope  Smoke  Tester 

This  iustrumeiit  has  beeu  designed  to  use  in  cities  and 
lowus  where  the  smoke  ordinances  for  the  regulation  of 
the  density  of  smoke  are  in  force.  The  method  employed 
in  detennining  the  density  of  smoke  is  by  comparison 
with  smoked  glass  of  certain  light-absorbing  power. 

The  tester,  or  umbrascope,  which  is  manufactured  by 
Williams,  Brown  &  Earle,  Inc.,  918  Chestnut  St.,  Phila- 
delphia, Penn.,  consists  of  a  nickel-plated  tube,  IVz  i"- 


Smoke  Tester 

in  diameter  and  -L  in.  long.  Near  one  end  of  this  tube 
are  four  smoked  glasses,  in  the  shape  of  half  circles,  so 
hinged  that  one  or  all  of  them  may  be  swung  into  the 
tube  at  once,  which  clouds  the  view  through  one-half 
of  the  tube.  The  clear  sky  is  \iewed  through  the  other 
half  of  the  tube  and  through  as  many  glasses  of  speci- 
fied density  as  the  law  requires.  A  comparison  between 
the  gliiss  niid  the  smoke  decides  whicli  is  the  darker. 

The  Miller  Rotary  Engine 

Essentially,  the  Miller  engine,  Fig.  1,  consists  of  a 
circular  cast-iron  cylinder  in  which  two  ring-packed  jjis- 
tons,  cast  integrally  with  a  hollow  disk,  revolve.  The 
disk,  called  the  piston  disk,  revolves  in  the  space  between 
the  two  inside  edges  of  the  circular  cylinder.     Its  sides 


are  perforated  to  admit  steam  which  gets  into  the  <  \  I- 
inder  by  issuing  through  ports  in  the  disk  and  bottuni  nf 
the  cylinder  when  the  ports  are  ojiposite  each  other.  Tlus 
piston  disk  is  packed  against  leakage  into  the  cylinder  by 


rings  which  mav  be  set 


up 


against  the  disk  bv  the  <ft- 


screws. 

The  aliutments,  one  of  which  is  sliown  alone  at  tin  ii,,, 
of  Fig.  2,  resemble  a  pulley  with  a  solid  center,  n 
opposite  sides  of  which  are  openings  for  the  pistin 
]3ass  through,  just  as  teeth  of  opjjosite  gear  wheels  |ia.s!i 
each  other.  As  the  piston  comes  through  an  abutment 
and  the  latter  closes  behind  the  piston,  steam  is  admitted 
to  the  cylinder  from  the  piston  disk.  The  exhaust  steam 
is  swept  out  by  the  next  piston.  The  effective  stroke  ie 
the  distance  between  the  abutments,  thus  forming  two 
curved  cylinders ;  the  rest  of  the  circle  occujjied  by  th« 


Fig.  .3.  DiAGitAMS  from  Top  Half  of  Exgixi: 

abutments  is  used  to  exhaust  the  steam  through  the  abut 
ment  openings  and  out  the  exhaust  jjipes  connected  t( 
the  abutment  casings.  The  abutments  are  packed  agaiusi 
the  piston  disk,  all  packing  being  metal  and  adapted  U 
superheated  steam.  The  design  lends  itself  to  compound' 
ing,  condensing,  to  automatic  cutoff  and  the  engine  maj 
readily  be  made  reversible. 

The  cylinder  dimensions  of  the  engine  shown,  which  u 
noncoudensing,  are  3x21  in?^  and  the  machine  is  desiifuec 
to  develop  61. G  hp.  at  800  r.p.m.,  and  loO  lb.  steam  prcS' 
sure.    The  piston  speed  at  800  r.p.m.  is  itOO  ft.  per  niiu 

As  the  effective  stroke  in  one  cvHnder  is  21  in.  aiul  eacl 


-c 


Fro.  1.  Tm:  :\lrT.T,i:i 


Fig.  2.    Sudwim;   ('\lim)i;u   ri>j()X.s  am)  Ai;LT.Mi:xi- 

piston  receives  two  iin])ulses  per  rexolution,  the  total  ef 
feetive  stroke  is  Si  in. 

On  the  test  by  Professor  Pryor  at  Stevens  Institut) 
the  engine  developed  52.2  b.hp.,  at  770  r.p.m.,  140  lb 
steam  pressure,  the  steam  consumption  j)er  brake  horse 
power  being  64.1  lb.  On  a  test  of  the  same  engine  a^ 
Columbia  University,  F.  F.  Xickel  obtained  a  steam  con' 
sumption  of  6-4  lb.  per  b.hp.,  with  00  lb.  initial  pressure 
very  wet  steam,  and  at  a  speed  of  667  r.p.m. 

The  indicator  diagi'ams  shown  in  Fig.  3  were  taker 
with  an  ordinary  reciiJrocatingrengiue  indicator  and  th( 
engine  braked  down  to  a  speed  of  100  r.p.m.  The  dia^ 
grams  were  taken  from  the  top  half  or  cylinder  so  tha 
two  diagrams  were  made,  one  for  each  piston. 
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The  most  ecouomical  speed  of  the  engine  is  much  Ije- 
fw  that  of  the  turbine  for  the  same  power  and  cou- 
derably  aliove  that  of  the  reciprocating  engine,  adapting 

to  various  drives  without  gearing.  Tlie  engine  operates 
itliout  vibration  and  is  practically  noiseless.  As  to 
eiglit,  the  engine  is  light  per  horsepower.    The  estimated 


weight  of  a  240-hp.  engine,  based  mi  the  weight  of  tlie 
present  engine,  is  4800  lb. 

Tlie  inventor  liopes  to  devehjp  a  rotary  gas  engine  of 
tlie  same  general  design. 

The  experimental  engine  was  made  by  the  Miller  Motor 
Co.,  133  East  237th  St.,  New  York  City. 


rests  of  a  Simple  Noncondensing  Lentz  Engine 


Hy  1'1!(ik.  .).  A.  MoYEir' 


YNOPSIS — Describes  the  metliod  and  results  of  fmir 
■sts  of  a  Lentz  engine  of  250  hp.  capacity,  irhirli 
ith  about  155  lb.  gage  pressure  and  HO  deg.  super- 
iat,  showed  a  steam  rate  between  15  and  16  lb.  per 
hp.-hr.,  which  means  around  S5  per  cent.  Eanl-ine  effi- 
encg.  So  far  as  we  luiow  tliese  tests  establisJi  a  new 
'cnrd  for  simple  noncondensing  engines. 

From  Jixly  30  to  Aug.  (3,  1913,  I  witnessed,  as  an  en- 
rely  disinterested  party,  a  series  of  tests,  wliich  were 
ade  on  a  simple  liorizontal  Lentz  engine,  of  which  the 
dinder  diameter  was  19gV  and  tlie  stroke  was  30-^|-  in. 
hese  dimensions  were  taken  by  myself  with  accurate 
ales  when  the  cylinder  was  hot.  The  piping  arrange- 
ents  for  making  a  test  of  this  engine  for  noncondensing 
)eration  are  shown  in  Fig.  1.  The  exhaust  steam  was 
indeused  in  a  battery  of  four  closed  feed-water  heaters, 
ipplied  with  cooling  water  from  the  city  mains.  The 
mdeusates  were  taken  away  in  short  pipe  lines  and  dis- 
larged  alternately  into  suitable  weighing  tanks  on  Fair- 
inks  scales.  For  the  purposes  of  this  test  these  scales 
k1  been  calibrated,  corrected  and  certified  by  the  Depart- 
ent  of  Weights  and  Measures  of  the  city  of  Erie.  The 
)wer  from  the  engine  was  absorbed  by  a  300-kw.,  direct- 
irrent  electric  generator  belted  to  the  fiwlieel.  The 
mperature  and  pressure  of  the  steam  at  the  engine  were 
ensured   where  the  live-steam   ]>ipe   entered  the   steam 

COND£/VS£RS 
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lest.  The  speed  of  tlic  engine  was  taken  very  accurate- 
■  by  a  hand  speed  counter  when  the  indicator  dia- 
fams  were  taken,  and  checked  with  the  readings  of  a 
mtinuous  engine  counter.  The  current  was  absorbed 
1  a  large  water  rheostat  arranged  for  accurate  ad- 
istment  of  the  load.  Readings  were  taken  of  am- 
leters  and  voltmeters  in  the  power  line  to  check  the  ac- 
.iracy  of  the  indicated  horsepower  determinations,  as- 
iming  reasonable  losses  for  the  l)elt  and  generator.  These 
lectrical    instruments    were    calibrated    by    the    testing 

•Profes.sor  of  Mechanical   Engineering,    Pennsylvania   State 


laboratories  of  the  General  pjlectric  Co.,  just  before  start- 
ing the  tests.  Readings  of  all  instruments  were  taken 
at  10-min.  intervals  and  throughout  all  the  tests  the  con- 
ditions remained  remarkably  constant  even  as  regards 
the  degree  of  superheat  and  the  wattage  absorbed  by  the 
water  rheostats.  This  matter  of  the  relative  constancy  of 
the  readings  of  the  ammeter  between  the  10-miu.  ob- 
servations received  my  careful  attention,  so  that  I  am 
certain  that  the  conditions  were  uniformly  good.  The 
water  sup]dy  of  the  feed-water  heaters  used  as  condensers 


Fi(i.  •.'.  Tvi'icAT,   1  »i  \(ii;A:\is  fhoji  1ji-:xt/;  Enginic 

was  carefully  regulated  so  that  all  the  steam  was  con- 
densed. The  air  vent  shown  in  Fig.  1  discharged  into 
the  testing  room.  If  the  steam  had  not  been  entirely 
condensed  it  would  have  been  obserx'ed  here. 

One  indicator  was  attached  to  each  end  of  the  cylinder 
with  the  shortest  possible  connection.  The.se  indicators 
were  calibrated  before  the  tests  by  their  makers,  again  af- 
ter the  test  by  the  rennsylvania  Engineering  Experiment 
Station.  The  average  of  the  two  caliln-ations,  which  were 
in  very  good  agreement,  has  been  used  in  calculating  the 
indicated  horsepower.  The  areas  of  the  indicator  cards 
were  measured  with  planimeters  which  have  been  checked 
for  accuracy  by  the  measurement  of  easily  calculated  geo- 
metrical areas.  The  sjjecial  precautions  enumerated  above 
make  the  results  of  the  calculated  indicated  horsepower 
of  practically  unquestionable  accuracy. 

As  will  be  observed  in  the  tabulated  results,  the  most 
iiii]iortant  tests  were  run  with  unusually  con.stant  condi- 
tions for  periods  of  from  three  to  four  hours,  so  that  the 
most  skeptical  should  be  convinced  of  the  uniformity  of 
the  data  and  the  accuracy  of  the  results  for  long  periods. 

The  thermometers  used  for  determining  the  tempera- 
tures for  both  the  live  steam  and  the  exhaust  were  care- 
fully calibrated  with  standard  thermometers  and  checked 
with  the  temperature  given  in  the  steam  tables  as  cor- 
responding with  the  observed  pressures  of  saturated  steam. 
Stem  exposure  was  observed  in  all  cases  and  the  corre- 
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s])oiidiug  corrections  were  made  by  the  generally  accepted 
methods.* 
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Eesults  of  Tkst  of  Lentz   Exgixe 


T'io'.  2  shows  typical  indicatoi-  diagrams  taken  during 
the  test. 

The  following  table  is  a  com])ilatioii  of  the  important 
rosidts  of  this  series  of  tests: 

RESULTS  OF  TESTS  ON  A  SIMPLE  LENTZ  ENGINE 


'^   Mean  Effective 

Press.,  Lb. 
■g        per  Sq.In.** 

■S      H.E.      C.E.      I.hp. 
208     46.35     43.92     282.1 


4  It     207     53.40     32.22     322.5 

•♦Calibrated  scales  of  springs  of  indicators  are  respectively, 
VS. 9   and   79.3   lb.   per  sq.in. 

rGenerator  would  not  carry  load  for  a  longer  time  on 
account    of   heating. 

It  will  be  observed  from  the  above  table  that  the  super- 
heat for  test  Xo.  2,  which  was  run  at  the  lightest  load  for 
the  series,  could  not  be  maintained  as  high  as  for  the 
other  tests  on  account  of  diffitulties  in  boiler  operation. 


13.24 

170.3 

0  34 

141  5 

17  25 

170.1 

0.00 

9S  3 

15.78 

171.9 

0.00 

139.4 

15.48 

171.7 

0.10 

139.7 

In  order  to  correct  the  steam  consumption  for  this  test 
and  make  it  correspond  as  regards  the  amount  of  super- 
heat with  the  others  of  the  series,  another  set  of  tests  was 
run  during  which  full  load  was  maintained  on  the  en- 
gine and  only  the  superheat  was  varied.  A  curve  plotted 
from  the  results  of  these  tests  showed  that  the  steam  con- 
sumption was  6  per  cent,  lower  at  147  deg.ff  superheat! 
than  at  !)S.  As  the  result  of  this  correction  the  steam  con- 
sumption of  test  No.  2  on  the  basis  of  the  average  super 
heat  for  the  other  tests  is  6  per  cent,  less,  or  17.25  —  1.03 
or  16.22  lb.  per  indicated  horsepower  per  hour.  After 
making  this  correction  all  the  tests  are  in  very  good 
agreement  as  regards  superheat,  back  pressure  and  steam 
pressure.  The  final  results  as  corrected  for  superheat  arel 
plotted  on  the  curve  shown  in  Fig.  3. 

I  believe  these  data  indicate  that  this  engine  has  shown! 
the  lowest  steam  consumption  yet  attained  under  satis- 
factory test  conditions  with  a  simple  engine  operating 
noncondensing,  and  that,  therefore,  the  results  are  most 
important. 

See  brief  report  of  tests  in  Power,  July  15,  page' 
105,  and  criticism  thereof  by  Mr.  Hyde,  on  page  443,  of 
Sept.  23. 

Cleanliness  and  Efficiency  in   a 
German  Power  Plant 

Economy,  as  regards  fuel,  is  the  one  thing  most  sought 
after  in  German  power  jjlants,  writers  L.  B.  Webster  in 
the  American  Gas  &  Electric  Co.'s  Bulletin.  Coal,  which 
can  be  laid  down  in  plants  in  the  United  States  for  from 
$1.50  to  $3.50  a  ton,  brings  from  $6  to  $8  a  ton,  or  even 
more,  in  Germany,  where  good  fuel  is  not  so  plentiful  as 


*"Power-Plant   Testing,"    second   edition. 
Graw-Hill   Book  Co.,   New   York). 


tlTlie   average   of   tests   1,    3   and   4. 


Fig.  1.  View  in  Boiler  Room. 


Fig.  2.  How  the  Pokers  Are  Cared  Foe. 
OVER  THE  Boilers 


Fig.  8.  Some  of  the  Piping 
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it  is  ill  this  country.  As  a  ri'sult  of  the  high  prit-e  of 
fuel,  coal  ami  partly  burned  refuse  are  uever  seen  scat- 
tered about,  and  every  part  of  the  typical  German  power 
plant  is  kept  spotlessly  clean. 

In  Fig.  ]  is  shown  a  view  in  the  boiler  room  of  the 
electric-light  plant  of  the  city  of  Munich,  the  capital  of 
Bavaria,  the  largest  and  most  progressive  city  in  southern 
Germany.  The  boiler  equipment  of  tliis  plant  consists 
of  3'2  internally  fired  boilers  of  230  hp.  each.  These  boil- 
ers are  equipped  with  automatic  stokers  of  the  overfeed 
type;  that  is,  the  stokers  throw  the  coal  on  the  fuel  bed 
in  much  the  same  way  as  a  fireman  does  with  a  shovel. 
The  work  of  firing,  water  tending  and  handling  of  re- 
( I  aimed  coal  is  done  by  a  force  of  three  men  on  each 
>liirt.  In  order  for  this  small  force  to  properly  take  care 
of  such  a  large  number  of  boilers,  all  equipment  is  ar- 


ranged so  that  the  men  can  do  their  work  with  the  least 
possible  expeniliture  of  time  and  effort. 

As  an  example  of  how  carefully  the  operating  problems 
in  this  boiler  room  have  been  worked  out.  Fig.  2  shows 
how  the  pokers  and  fire  irons  are  cared  for.  Each  pair  of 
l)oilers  has  its  comi>lete  set  of  pokers  standing  against 
the  1)oiler-room  wall  in  an  iron  tray,  for  the  sake  of  keep- 
ing the  boiler-room  floor  clean. 

In  Fig.  3  is  shown  some  of  the  piping  over  the  boilers 
and  part  of  the  main  steam  header  along  the  engine-room 
wall. 

Plenty  of  light  and  space  have  been  provided  over  the 
boilers,  where  in  so  many  plants  in  this  country,  the  pip- 
ing is  often  cramped  and  hard  to  get  at.  In  Fig.  3,  It 
is  interesting  to  note,  the  piping  is  sliown  to  be  spotlessly 
clean. 


Condenser-Tube  Corrosion — I. 


SYNOPSIS — The  Corrosion  Committee  of  the  Institute 
of  Metals  has  examined  the  question  of  corrosion  by  get- 
ting reports  from  operating  engineers,  by  laboratory  ex- 
periment, and  by  worh  on  a  small  condenser  plant.  An 
abstract  follows  of  tlieir  meiliods,  and  of  such  results  as 
seem  to  touch  most  closely  the  operating  engineer.  The 
report  is  the  work  of  Lluy  I).  Bengough  and  L'ichard  M. 
Jones. 

It  seems  well  to  supplement  the  report  of  the  com- 
mittee on  steam  turbines  of  the  Association  of  Edison 
Illuminating  Companies,  printed  in  the  Oct.  14  issue, 
with  a  report  of  the  work  of  the  British  Institute  of 
Metals. 

The  time-honored  niethod  of  investigation  of  this  prob- 
lem is  to  obtain  information  from  the  engineers  in  charge 
of  condenser  plants,  and  a  number  of  blanks  were  sent 
out  by  the  committee.  The  tubes  on  which  reports  were 
rendered  were  all  70 :  30  brass,  or  70 :  29  :  1  tin  alloy.  The 
chief  points  of  interest  which  could  bo  deduced  from 
the  engineer's  reports  were: 

(1)  The  extraordinary  variation  in  the  normal  life  of  a 
tube,  viz.,  from  four  to  25  years.  Supplementary  inquiries 
conducted  by  the  authoi's  have  proved  conclusively  that  tubes 
from  the  same  batch  made  by  one  manufacturer,  when  placed 
in  different  parts  of  a  condenser,  mig'ht  resist  corrosion  for 
times   which   vary   up   to   the   proportion   of   1:  3. 

(2)  The  peculiai'  nature  of  the  detei-ioration  that  resulted 
in  the  failure  of  the  tube.     In  nearly  every  case  the  deteriora- 

ition  was  due  to  dezincification,  resulting  in  a  rotten  and 
tpitted  tube.  In  two  or  three  cases  tubes  failed,  owing  to 
local  thinning,  due,  apparently,  to  the  wearing  away  of  the 
whole  body  of  the  tube  near  the  water-inlet  end.  This  phe- 
lomenon  was  comparatively  rare. 

(3)  The  impossibility  of  correlating  the  failure  of  the 
ubes  with  the  presence  or  nature  of  the  electric-lighting  in- 
itallation. 

(4)  The  difficulty  of  connecting  corrosion  with  any  def- 
nite  locality  in  the  tube  or  condenser,  though  it  would  ap- 
>ear  as  if  thinning  were  connected  with  the  ends  of  the  tubes 
,t  which    the   cooling   water   entered. 

(5)  The  shorter  life  of  tubes  in  land  installations,  where 
ock,  canal,  or  brackish  "water  is  used  instead  of  sea  water, 
levertheless,  the  Corrosion  Committee,  for  good  reasons,  de- 
ired  investigations  in  the  first  instance  to  be  can-led  out 
^ith  natural  sea  water,  and  this  has  been  used  in  all  experi- 
lents  described,   except  where   the  contrary  is  stated. 

Detailed  examination  of  the  scale  attached  to  the  tubes 
as  made.  In  normal  cases  it  could  be  regarded  as  made 
p  of  several  layers  of  different  compasition. 


The  top  layer  consisted  principally  of  ferric  oxide,  car- 
bonates, and  chlorides  of  calcium  and  magnesium,  calcium 
sulphate  and  sand;  the  next  layer  consisted  of  basic  chlorides 
and  carbonates  of  copper  and  zinc,  and  was  greenish  in 
color.  The  layer  next  the  tube  was  brown  or  black,  and 
consisted  largely  of  cuprous  and  cupric  oxide.  There  was.  of 
course,  no  sharp  line  of  demarcation  between  the  various 
layers,  which  faded  gradually  into  one  another,  sometimes  the 
greenish-blue  layer  was  almost  absent,  especially  when  de- 
zincification had  been  severe.  In  most  cases  the  scale,  par- 
ticularly the  lowest  layer,  was  strongly  adherent  to  the  tube. 
In  all  cases,  in  which  a  tube  had  suffered  dezincification  the 
greenish-blue  layer  was  replaced,  to  a  greater  or  less  ex- 
tent, by  a  white  flocculent  salt,  which  was  found  to  be  a  basic 
chloride   of  zinc. 

In  one  or  two  cases  tubes  were  received  partially  choked 
with  a  loosely  adherent  deposit,  light  gray  in  color.  This 
was  found  to  be  principally  sand,  but  contained  also  ferric 
oxide,  magnesium  salts,  and  calcium  salts.  .Such  tubes  some- 
times appeared  to  be  more  severely  corroded  than  others 
taken    from    the    same    condenser,    but    not    always. 

Careful  search  was  made  among  the  deposits  in  badly  cor- 
roded tubes  for  carbon  particles.  Although  about  a  hundred 
cases  were  examined  no  such  particles  were  ever  found,  and 
in  no  single  instance  could  a  dezincifled  spot  or  area  be  cor- 
related definitely  with  such  a  particle.  This,  of  course,  does 
not  prove  that  carbon  in  the  form  of  graphite  or  coal  had 
not  started  the  dezincification  of  the  tubes  since  it  might 
subsequently  have  been  removed  when  the  tube  was  cleared 
by  means  of  an  iron  rod  or  brush. 

As  a  result  of  the  study  of  the  answers  to  the  question 
schedules  and  of  the  tubes  corroded  under  conditions  of  prac- 
tical work,  the  authors  came  to  the  conclusion  that  few  de- 
ductions of  importance  could  be  made,  and  that  this  method 
of  work  is  only  of  value  for  indicating  in  a  general  way  the 
nature  of  the  problem   to  be  attacked. 

L.VBORATOKT  INVESTIGATION 

In  arranging  their  somewhat  extensive  laboratory 
scheme  the  authors  had  to  inveistigate  two  distinct  forms 
of  corrosion :  "Complete"  or  the  gradual  wearing  down 
of  the  tube,  the  copper  and  zinc  being  removed  in  the 
proportions  in  which  they  oCcur  in  the  alloy;  "selective," 
in  which  dezincification  occurs,  followed  by  pitting.  The 
zinc  is  removed  preferentially,  leaving  a  rotten,  copper- 
enriched  area. 

The  tubes  on  which  experiments  were  made  had  the 
following  compositions : 

Condenser- Tube   Compositions 
Cu  Zn  Sn        Pb        Po 

I  70:3^1    Brass     70.20      29.17      ....      0.27      0.27 

II  70;  2S    Brass     69.94      27.60      ....      2.08      0.28 

III  61;  39   Muntz   Metal    60.90      38.21      0.46      0.38 

IV  70;  29;  1   .Admiralty   Brass 71.18      27.28       1.07      0.28     0.21 
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lu  iIr'  lii't^L  .-^I'liei-  oi  cxpi'iununt^,  cleaned  platet^  of 
these  compositions  were  suspended  by  glass  hooks  in 
beakers  of  sea  water,  at  ordinary  room  temperatures,  64 
to  68  deg.  F.  The  oxygen  in  the  water  was  simiily  that 
which  could  diffuse  in  from  the  air.  It  soon  became  evi- 
dent that  the  first  stage  of  the  corrosion  of  brass  is  the 
oxidation  of  one  or  both  of  the  constituent  metals.  Cohen's 
observations  are  confirmed,  in  the  absence  of  oxijyen  there 
is  no  corrosion.  In  this  series  of  experiments,  admiralty 
brass  was  most  corroded ;  70  :  28  :  2  brass  aext ;  70  :  30 
brass  next;  and  Muntz  metal  least.  The  percentage 
losses  after  208  days  were  for  the  four  metals  respec- 
tively : 


The  gi'eater  loss  of  the  so  called  "upper  tubes,"  the 
plates  covered  by  the  less  water,  is  due  to  the  greatei- 
amount  of  oxygen  present  in  the  upper  layers  of  water. 
Experiments  suggested  by  these  results  were  made  with 
aqueous  solutions  of  carbon  dioxide,  and  it  was  also  deter- 
mined that  waters  highly  charged  with  this  substance 
were  corrosive  to  brass. 

However,  the  result  of  these  experiments  at  ordinary 
temperatures  seems  to  be  contained  in  this  statement: 

It  has  been  suggested  from  time  to  time  by  engineers 
and  otliers  that  sea  water  remaining  stagnant  in  the  tubes 
has  a  specially  rapid  corroding  effect  on  them.  Supposing 
no  pitting  to  take  place,  and  assuming  that  a  tube  could  be 
used  till  it  had  lost  two-thirds  of  its  thickness,  that  corrosion 
takes  place  on  one  side  only  of  the  tube,  and  that  it  pro- 
ceeds uniformly  at  the  same  rate,  the  life  of  a  70:  30  tube 
should  be  about  75  years.  In  practice  the  life  of  a  tube  rarely 
reaches  25  years,  and  the  normal  life  of  a  tube  may  be  taken 
to  be  about  12  years  under  average  conditions. 

This  corrosion  by  stagnant  water  is  in  all  cases  gen- 
eral and  not  selective. 

COKEOSIOX  AT  HiGHEJ!   Th.MPKUATLKES 

These  immersion  experiments  were  continued  at  hightr 
temperatures,  and  one  fact  of  predominating  importance 
was  immediately  brought  out:  At  10-i  deg.  F.,  brass 
tubes  of  any  type  are  dezincified  by  sea  water.  The  order 
of  corrosion  was:  Muntz  metal  (least  resi.^tant),  70:30 
brass ;  70 :  29  : 1  tin ;  70  :  28  :  2  lead.  Dilution  of  the  sea 
water  tends  toward  selective  corrosion ;  concentration  of 
the  sea  water  retards  it.  The  effect  of  higher  tempera- 
ture is  so  marked  that,  even  at  77  deg.,  selective  corrosion 
of  70 :  30  brass  becomes  evident  after  a  few  weeks,  and 
only  one  of  2o  different  samples  could  remain  in  sea 
water  at  104  deg.  and  not  show  signs  of  selective  cor- 
rosion in  a  mouth. 

At  this  temperature,  loss  in  weight  and  corrosion  by 
dezincification  do  not  proceed  pan  pa^ssu.  [The  operating 
engineer  should  remember  this  in  making  tests  of  sucli 
alloys,  as  it  is  dezincification  which  will  determine  the 
giving  away  of  the  tubes. — Editou].  Thus,  Muntz  metal 
which  is  most  readily  dezincified  loses  least  in  weight. 

ExPEKI.MIiXTS    AT    HiGIIEK    TKJII'Ell^lTriiES 

Experiments  were  carried  on  at  122  deg.  also,  since  ob- 
servation of  the  outlet  water  on  condensers  in  service 
showed  that  this  temperature  must  often  be  reached  at 
some  points  along  the  tubes.  These  experiments  were 
run  chiefly  on  the  70 :  30  and  70  :29  :  1  alloys.  The  70  :  30 
tubes  showed  clear  signs  of  dezincification  after  seven 
days'  immersion  :  the  70 :  29 :  1  showed  no  signs  at  the 
end  of  six  weeks.     Since  this  allov  showed  some  slight 


signs  in  lot  deg.  after  three  weeks,  this  result  is  remark- 
able, and  indicates  that  there  is  only  a  limited  range  of 
temperature  in  which  dezincification  can  take  place.  It 
appears  that  the  presence  of  tin  in  the  brass  exerts  a 
powerful  effect  in  preventing  selective  corrosion. 

The  ExPEKiiiEXTAL  CoNDKxsEii  Plaxt 

For  a  thorough  examination  under  working  conditions! 
a  plant  was  erected,  consisting  of  a  boiler  working  nor- 
mally at  125  lb.  per  sq.in.,  a  double-expansion  engine, 
and  a  conden.sey,  consisting  of  four  sections,  each  of 
which  containecl  12  tubes.  The  sea  water  used  was  con- 
tained in  an  open  tank  and  subject  to  free  aeration,  but 
not  to  contamination  by  rubbish ;  approximately  its  com- 
position was :  Sodium  chloride,  2.81  per  cent. ;  mag- 
nesium chloride,  0.21;  potassium  chloride.  0.17;  mag- 
nesium sulphate,  0.11;  calcium  sulpliati\  O.OS;  calcium 
carbonate,  0.02  per  cent. 

The  tubes  were  of  the  satnc  composition  as  those  in  the 
laboratory  experiments.  The  vacuum  in  the  condenser 
occasionally  reached  25  to  27  in..  Init  usually  did  not 
exceed  20  in.  The  steam  condensed  per  hour  was  np- 
proximately  5  lb.  per  sq.ft.  of  condenser  surface.  The 
plant  was  closed  after  nine  months'  working,  aaid  three 
tubes  removed  from  each  section  for  examination. 

Natdee  of  thi;  Scai.i: 

In  all  cases  the  tubes  were  covered  with  a  brown  layer,' 
which  consisted  chiefly  of  ferric  oxide;  it  contained  also 
sodium  chloride  and  calcium  carbonate,  as  well  as  traces  of 
sulphate.  This  layer  was  loose  and  easily  removed  from  the 
tube.  Beneath  it  a  rather  more  adherent  layer  was  found. 
This  was  greenish  in  color,  and  contained  both  copper  and 
zinc  in  the  form  of  basic  chloride  and  carbonate.  In  places 
sinall  white  spots  or  pai'ticles  of  zinc  oxychloride  replaced 
the  green  layer,  and  the  tube  underlying  these  areas  was 
found  to  be  dezincified.  In  the  case  of  the  Muntz-metal  tube,{ 
the  green  layer  was  normally  absent  and  "w^as  replaced  by  a, 
thin  gray-white  layer  of  zinc  oxychloride.  Beneath  the  layer 
of  basic  salts,  a  layer  of  bro\vn  or  black  oxide,  strongly  ad-' 
herent  to  the  tube,  w^as  found  in  all  cases.  In  no  case  were 
any  particles  of  graphite  found  amongst  the  scale.  Evidently 
such  particles  as  result  from  the  dissolution  of  the  cast-iron 
water  ends  are  "washad  a\  ay  in  the  stream  of  sea  water. 

EESULT.S   OF    THE   EXA  MIX  ATloN    OF   THIO    TUBES 


Admiralty   Tube 
TOr     TUBE — Dezincification     i 


70:  29:  1 

irregularly-shaped  .spots 
and  areas,  mainly  along  the  bottom  and  sides  of  the  tube, 
but   extending  for  about   S   in.   on  each   side  of  the  center. 

MIDDLE   TUBE — Dezincification    mainly   along-   one   side   ol 
the    tube.      Extends   for   about    6    in.   from   center, 
BOTTOM    TUBE — No    signs    of    dezincification. 

Special   Bi-ass,    70:2S:2 

TOP  TUBE — Dezincification  at  sides  only.  Not  very  pro- 
nounced.     Mostly  near  center  of  tube. 

MIDDLE   TUBE — A  few   scattered  dezincified    spots   only. 
Distribution    around   tube   irregular.      Mostly   near   middle. 

BOTTOM    TUBE — No    signs    of   dezincification. 

Brass,    70;  30 

TOP  TUBE — Dezincification  in  spots  along  bottom  ami 
sides  of  tube,  extending  a  considerable  distance  from  the 
center. 

MIDDLE  TUBE — In  spots,  mainly  along  bottom  of  tube 
Interior  surface  of  tube  uneven  and  dezincification  appears  tt 
take  place  on  the  raised  portions. 

BOTTOM  TUBE — A  large  dezincified  area  at  top  of  tube 
near  center.  Dezincification  extends  a  few'  inches  from  cen- 
ter of  tube. 

Muntz    Metal.    61:  39 

TOP  TUBE — Severe  dezincification  in  spots.  In  some  placet 
dezincification  has  almost  penetrated  through  the  tube.  Es- 
pecially noticeable  along  sides  of  tubes.  Most  severe  neai 
center. 

MIDDLE    TUBE — Numerous    dezincified    spots.      One    larg( 
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area  2  in.  from  center.  Dezinciflcation  has  penetrated  one- 
third   through   the   tube   in   one  or  two  places. 

BOTTOM  TUBE — A  few  small  spots  at  top  of  tube. 

NOTE — The  formation  of  a  pit  appears  to  take  place  in  the 
following  way:  The  zinc  is  removed  from  certain  spots  in 
the  tube,  and  leaves  behind  the  copper  in  a  loose,  spongry  and 
rotten  form.  When  dezinciflcation  has  penetrated  right 
through  the  tube,  and  the  copper  has  lost  its  backing  of  un- 
altered brass,  it  is  quickly  worn  away  mechanically.  Me- 
chanical, and  to  a  certain  extent  chemical,  action  also  re- 
moves some  of  the  copper  even  before  dezinciflcation  has 
penetrated  right  through  the  tube.  This  is  shown  by  the 
measurements  of  the  depths  to  which  the  coppery  area  is  de- 
pressed  below   the  general   level   of  the   surface. 

Tlie  most  important  clediirtions  which  the  authors  con- 
siil'T  may  be  drnwn  i'rom  this  series  of  observations  are: 

1.  THE  ORDER  IN  WHICH  THE  TUBES  RESIST  DE- 
ZINCIFICATION — The  most  resistant  were  the  70:29:  1  and 
the  70:2S:  2  tubes.  These  appear  to  resist  the  action  to  about 
the  same  extent,  and  were  considerably  more  resistant  than 
the  70:  30  brass,  which  came  next  in  order  of  merit.  The 
Muntz  metal  tubes  were  decidedly  the  most  quickly  attacked. 

2.  THE  IMPORTANCE  OP  TEMPERATURE  IN  COR- 
ROSION PHENOMENA — In  aU  cases  the  attack  appeared  to 
be  most  severe  at  or  near  the  centers  of  the  tubes.  Since 
the  steam  entered  the  condensers  at  the  center  and  no  baffle- 
plates  were  used,  the  tubes  must  have  been  subjected  to  the 
highest  temperatures  at  their  centers.  It  becomes  evident, 
therefore,  that  temperature  plays  a  most  important  part  in 
determining  the  distribution   of  the  areas  of  dezinciflcation. 

3.  CORROSION  IS  NOT  CONFINED  TO  THE  BOTTOM  OF 
THE  TUBES — It  usually  occurs  in  that  position,  but  is  by  no 
means  conflned  to  it.  It  frequently  occurs  along  the  sides, 
and  occasionally  along  the  tops  of  the  tubes. 

4.  GRAPHITE  PARTICLES  CANNOT  BE  REGARDED  AS 
A  CAUSE  OF  DEZINCIFICATION — Dezinciflcation  can  occur 
independently  of  the  presence  of  these  or  any  other  foreign 
particles. 

Everlasting,  Slcnv-Opening  Blowoff 
Valve 

One  of  the  objections  engineers  have  to  straight-way, 
quick-opening,  blowoff  valves  is  that  a  careless,  inexperi- 
enced fireman  may  close  the  valve  so  quickly  as  to  pro- 
duce water-hammer  in  the  blowoff  pipe. 


Slow-Opening  Blow- 
Off  Valve 

The  standard  Everlasting  lilowolf  valve  is  opened  and 
osed  by  pulling  the  operating  lever  one-quarter  turn. 
Phe  slow-opening  valve  of  the  same  type,  also  manu- 
actured  by  the  Patterson-Allen  Engineering  Co.,  2  Rec- 
>T  St.,  New  York,  requires  one-half  turn  of  the  lever 
I  open  or  close  the  valve. 


Referring  to  the  accompanying  illustration,  the  stand- 
ard type  of  valve  is  fitted  with  a  lever  and  pinion,  which 
swing  on  a  stud,  secured  to  the  body  of  the  valve.  The 
valve  stem  is  provided  with  a  rack,  the  teeth  of  which 
mesh  with  those  of  the  pinion.  Because  of  the  differ- 
ence in  the  diameter  of  the  toothed  circle,  it  is  necessary 
to  pull  the  lever  through  one-half  of  a  revolution  to  fully 
open  or  close  the  valve,  thus  requiring  twice  the  time 
to  open  or  close  it  over  the  standard  type  of  valve. 

Rolling-Mill-Engine  Flywheel 
Explosion 

By  J.  W.  Lehman 

The  bursting  of  a.  50-ton  flywheel  of  a  1500-hp.  engine 
at  the  American  Rolling  Mill  Co.,  Zanesville,  Ohio,  fatally 
injured  J.  F.  Tvennison,  day  engineer,  and  will  close 
down  the  plant  for  approximately  40  days.  The  acci- 
dent took  place  at  11:  55,  a.m.,  Oct.  24. 

Engineer  Kennison,  at  the  risk  of  his  life,  when  the 
engine  began  speeding  up,  rushed  to  the  throttle  and  had 
partly  closed  it  when  the  crash  came.  He  was  buried  un- 
der the  debris  and  was  later  removed  unconscious  to  a 
near-by  hospital  with  a  fractured  skull  and  died  later. 

A  gang  of  20  men  who  were  working  near  the  engine 
quit  work  25  min.  before  the  crash.  Tlie  flywheel  was 
broken  into  small  pieces.  A  part  of  the  wheel,  weighing 
approximately  eight  tons,  was  thrown  a  distance  of  150 
ft.  A  part  of  the  roof  was  destroyed  and  the  building 
was  generally  damaged.  An  investigation  as  to  the  cause 
of  the  accident  is  being  conducted  by  the  officials  of  the 
company.     The  engine  proper  was  little  damaged. 

Reduced  Condensation  76  Pounds 
per  Hour 

As  a  result  in  the  kind  of  covering  used  on  the  steam 
pipes  in  the  water-works  plant  of  Middletown,  Ohio,  the 
condensation  was  reduced  76  lb.  per  hour. 

According  to  the  H.  W.  Johns-Manville  Co.,  tests  ex- 
tending over  a  period  of  several  months  were  made  of 
the  principal  pipe  covering  and  insulating  materials, 
which  resulted  in  an  order  for  the  J.  M.  asbestos-sponge 
felt  pipe  and  boiler  covering. 

The  efficiency  of  this  pipe  covering  is  accounted  for 
by  the  millions  of  "dead  air"  cells  it  contains.  Recent 
tests  made  by  Prof.  C.  L.  Norton,  of  the  Massachusetts 
Institute  of  Technology,  show  that  the  yearly  cost  of 
maintaining  100  sq.ft.  of  pipe  at  100  lb.  gage  pres.sure 
is,  for  bare  pipes,  $225 ;  for  1-in.  molded  insulation, 
$35.90 :  and  for  1-in.  J.  M.  asbestos  sponge  $25.40. 

This  covering  is  made  of  many  layers  of  thin  felt  com- 
posed of  pure  asbestos  fiber  and  finely  ground  sponge. 
It  is  tough  and  flexible  so  that  vibration,  moisture,  heat 
or  rough  usage  will  not  cause  it  to  break,  crack,  crumble 
or  lose  its  insulating  efficiency.  It  is  fireproof  and  can 
be  removed  and  replaced  an  indefinite  numlier  of  times 
without  deterioration. 


The     Larierest     Inland-Water    Stea 

a    new   side-wheel    passenger    steame 


hip — The  "Seeandbee,'" 
placed  i:.  service  this 
summer  between  Cleveland  and  Buffalo,  is  the  largest  side- 
wheel  steamer  in  existence.  Five  hundred  feet  over  all,  she 
has  an  extreme  beam  over  the  guards  of  98.6  and  a  depth  of 
hull  at  the  stem  of  30  ft.  4  in.  The  "Seeandbee"  has  six  decks, 
and  provides  over  500  staterooms.  She  is  driven  by  engines 
of  12.000   hp.   at  a  speed  of  22   miles  an   hour. 
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The  Induction  Motor — -IV 

By  F.  a.  Anxett 
Starting  Devices  roi;  Squiruel-C'age  Motors 

Althouffli  Ihe  wo\nid-rotor  polyphase  induction  motor 
has  the  most  satisfactory  starting  properties  of  any  type, 
developing  about  100  per  cent,  starting  torque  for  100 
per  cent,  full-load  starting  current,  other  starting  torques 
being  a])])roximate  to  the  current  taken  until  maximuin 
starting  torque  is  obtained,  and  can  readily  be  used  for 
variable-speed  service.  It  is,  nevertheless,  inferior  to  the 
squirrel-cage  type  in  every  other  respect.  The  cost  is 
higher,  the  construction  not  so  rugged,  the  efficiency, 
power  factor,  and  jJuU-out  point  are  lower  and  the  motor 
itself  requires  more  attention  than  the  squirrel-cage  type. 
For  these  reasons  probably  75  per  cent,  of  the  polyphase 
motors  in  use  today  are  of  the  squirrel-cage  type. 

One  of  the  greatest  objections  to  the  squirrel-cage 
motor  is  the  large  current  at  low  power  factor  taken  from 
Ihe  line  at  starting.  This  heavy  starting  current  is  very 
objectionable  for  several  rea.sons.  If  the  motor  is  started 
on  a  lighting  circuit  the  heavy  starting  current  causes  the 
lamps  to  flicker  and  if  the  motor  is  started  very  often 
this  flickering  of  the  lamps  becomes  very  objectionable. 
The  excessive  current  taken  at  starting  may  overload  the 
prime  mover  and  generator  supplying  the  power  or  the 


Ip"  50  Amp. 


I-  Ip*  Is"  IZSAmp. 
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FiGS.  ?>2  AXD  3.3.    Representing  DiAGRAiiirATirAELY  an 

AuTO-TUANSKORJrER    AND    A     STARTING    RESISTANCE 

transformers  from  which  the  motor  is  supplied,  or  the 
starting  current  may  represent  a  large  percentage  of  the 
total  power  transmitted  in  the  feeder.  This  may  cause 
an  excessive  drop  in  voltage  which  may  affect  other  de- 
vices supplied  froih  the  same  feeder.  In  some  cases  the 
heavy  lagging  current  may  cause  synchronous  devices  on 
the  same  system  to  hunt. 

To  reduce  the  starting  current  and  improve  the  start- 
ing torque   of   squirrel-cage   motors   various   devices   are 


used  such  as  auto-transformers,  rheostats  and  speci 
starting  coils  in  the  stator  windings,  the  latter  will  1 
explained  later.  Perhaps  the  most  common  is  the  aut' 
transformer. 

In  sizes  up  to  o-hp.  induction-  motors  are  usual 
started  by  connecting  them  direct  to  the  line.-  In  siz^ 
of  5  hp.  and  above  an  auto-transformer  or  startii 
rheostat  is  used.  Some  prefer  the  rheostat  for  startir 
small  motors,  and  the  auto-transformer  for  large  ones. 

An  auto-transformer  has  but  one  winding  for  bo1 
primary  and  secondary.  This  type  of  construction'  redue 
the  amount  of  copper  used,  depending  upon  the  ratio  ' 
transformation.  Fig.  33  represents  an  auto-transformi 
diagrammatically.  Let  it  be  assumed  that  the  line  pre 
sure  is  250  volts  and  the  transformer  coil  has  150  tun 
with  a  100-volt  tap  taken  off  and  as  this  tap  will  be  : 
a  ratio  of  the  primary  volts  to  the  secondary  volts,  tl 
turns  in  the  secondary  can  be  expressed  in  the  proportio 
Primary  volts :  secondary  volts  =  total  turns:  secondai 
turns,  that  is,  as  250:100   =    150 :  secondary  turns,  > 


Scvomlarii  turns 


100  X  150 


60 


250 

Therefore,  the  100-volt  tap  will  include  60  turns  of  tl 
coil  and  the  voltage  will  be  as  indicated. 

Assume  that  the  current  taken  from  the  line  by  tl 
motor  is  50  amp.     This  current  at  a  given  instant  \vi 
flovv-  from  terminal  A  of  the  line  to  terminal  A'  of  tl 
motor;  from  terminal  B'  of  the  motor  to  the  low-voltaj 
tap  C  of  the   auto-transformer,  through   section  BC 
the  auto-transformer  to  terminal  B,  as  shown  by  the  a 
rows.     The  current  flowing  through  section  BC  of  tl 
coil  sets  tip  a  magnetic  flux  which  induces  an  e.m.f. 
100  volts  in  section  AC  opposite  to  the  e.m.f.  in  sectic 
BC  so  that  the  current  in  AC  will  flow  opposite  to  tl 
current  in  BC  and  will  be  in  an  inverse  proportion 
the   number   of   turns   in   each   section    of   the   coil,   f 
theoretically  the  ampere  turns  {T p)  in  the  primary  cc 
must  be  equal  to  the  ampere  turns  {Ts)    in  the  seconda: 
coil :  hence  the  inverse  proportion 

Ts-  Tp  =  Ip:  Is 
Therefore, 

TpX  Ip  _90  X  50 


Is 


70  amp. 


Ts  00 

which  will  flow  in  the  direction  as  shown  by  the  arro 
li'ads  and  combines  with  the  primary  current  so  there 

llciwing  through  the  motor  a  current  of 

Ip  +  Is  =  50  -|-  To  =  125  a»)p. 

although  the  generator  is  only  required  to  supply  50  am 
If  a  resistance  was  used  to  reduce  the  voltage  instei 
of  an  auto-trausformer,  for  the  motor  to  have  the  sau 
fitarting  torque  it  would  have  to  receive  125  amp.  fro 
the  line  at  100  votts  impressed  at  the  motor  terminal 
To  get  this  condition  a  resistance  that  will  cause  a  dr( 
of  150  volts  with  a  current  density  of  125  amp.  mu 
be  connected  in  series  with  the  motor.     This  resistance 
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would  equal  the  voltage  drop  divided  by  the  current,  or 

p       ISO       .  .,    , 
It  =  zr-r^  =  1.2  ohms 

1X0 

onditio'u  is  shown  in  Fig.  33,  and  the  generator  has 
pply  135  amp.  to  the  motor  instead  of  50  amp.  as 


Thi 
to  su 


Figs 


FIS.35 

34  AND  35.   Starting  Compensators 


when  an  auto-transformer  was  used.  In  the  case  of  the 
resistance  the  watts  loss  equals  the  voltage  drop  across 
the  resistance  multiplied  by  the  current,   or 

150   X   125  =   18,750  watts 
The  total   power  supplied  by  the  generator  when  start- 
ing with  a  resistance  is 

EI  =  250  X   125  ==  31,250  wa/ts 
the  difference  between  this  and  the  watts  lost  in  the  re- 
sistance being  the  j)ower  supplied  to  the  motor,   or 

31,350  —  18,750  =  13,500  watts 
iWith  the  auto-transformer  all  the  energy  supplied  by  the 
generator  (except  a  small  loss  in  the  coils  of  the  auto- 
transformer)  was  nsed  in  starting  the  motor,  that  is, 
EI  =  250  X  50  =  12,500  ivatts 
From  the  foregoing  it  would  seem  that  an  auto-trans- 
'ormer  has  much  superior  starting  properties  to  that  of  a 
■heostat,  and  this  would  be  true  if  the  power  factor  at 
itarting  were  unity.  However,  the  power  factor  is  very 
ow,  and  as  the  drop  in  the  line  is  largely  due  to  the 
i'attless  component  of  the  current  and  not  the  power 
omponent,  with  either  type  of  starter  the  wattless  com- 
onent  is  about  the  same.  Therefore  the  line  disturbance 
•ould  be  about  the  same  in  one  case  as  in  the  other.  The 
'ower  component  produces  some  drop  and  this  is  greater 
?ith  the  resistance  type  of  .starter,  but  is  again  offset  by 
he  lagging  current  required  to  set  up  the  flux  in  the 
ransformer  core. 

One  feature  that  any  starting  device  should  possess 
>  be  entirely  satisfactory  is  automatic  adjustment  of  the 
oltage  at  the  motor  as  it  comes  up  to  speed,  and  in  this 


feature  the  resistance  type  of  starter  is  superior.  At  the 
instant  of  starting  the  motor  takes  a  maximum  current 
from  the  line;  this  causes  a  maximum  drop  across  the 
starting  resistance,  and  as  the  motor  speeds  up  it  gen- 
erates a  counter  e.m.f.  which  increases  with  the  speed  and 
the  current  decreases.  As  the  current  decreases  the  volt- 
age drop  across  the  resistance  deci'eases  and  increases 
across  the  motor  terminal.  This  will  be  made  clear  by 
again  referring  to  Fig.  33.  If  the  condition  at  the  in- 
stant of  starting  is  as  shown  with  a  starting  current  of 
125  amp.,  the  drop  across  the  starting  resistance  is  150 
volts  with  loo  volts  impressed  on  the  motor  terminals.  If 
after  the  motor  has  come  up  to  speed  the  current  de- 
creases to  50  amp.,  the  voltage  drop  (Ed)  across  the  re- 
sistance will  equal  the  resistance  (R)  multiplied  by  the 
current   (/)   or 

Ed   =  ni  =  1.3  X  50  =  60  volts 
The    voltage   impressed   upon   the   motor   terminals   will 


Fig.  36.   C\.  E.  Compensator  with  Cover  T?emoved 

equal  the  difference  betAveen  the  line   voltage    (E)    and 
the  drop  across  the  resistance,  or 

E  —  Ed  =  250  —  60  =  190  volts 
Therefore,  the  voltage  has  automatically  increased  at  the 
motor  terminals  from  100  to  190 ;  this  is  not  possible  with 
an  auto-transformer,  for  the  secondary  voltage  is  fixed  by 
the  ratio  of  the  primary  turns  to  the  secondary  turns. 
Moreover,  the  resistance  type  of  starter  can  be  readily 
constructed  with  a  number  of  intermediate  steps.     This 
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iiifiuis  that  the  voltage  can  be  gradually  raised  at  the 
motor  and  when  the  latter  is  thrown  directly  on  the  line 
the  voltage  change  will  not  be  so  great,  consequently,  the 
current  taken  from  the  line  will  not  be  so  great  with 
its  corresponding  drop  in  line  voltage. 

The  resistance  starter  is  much  cheaper  than  the  auto- 
transformer,  which  is  one  reason  for  its  use  with  small 
motors.  As  regards  the  power  taken  from  the  line  at 
starting  the  auto-transformer  is  distinctly  superior  to  the 
resistance  type;  hence  a  large  percentage  of  squirrel-cage 
motors  are  started  by  this  means,  the  resistance  type  be- 
ing limited  usually  to  sizes  below  25  hp. 

For  starting  two-phase  motors  two  single-phase  auto- 
transformers  are  used,  one  connected  across  each  phase, 
and  for  starting  three-phase  motors  two  types  of  com- 
pensators are  used,  one  using  a  three-phase  auto-trans- 
former with  the  three  coils  connected  in  star.  Pig.  34 
shows  such  a  starting  compensator  and  motor  diagram- 
mat  ically.  At  starting  the  switch  is  thrown  to  the  posi- 
tion shown  by  the  dotted  lines.  This  connects  the  motor 
through  the  auto-transformer  to  the  line  beyond  the 
fuses,  which  would  be  blown  by  the  heavy  starting  cur- 
rent if  left  in  the  circuit.  Assuming  an  instant  when 
the  line  polarity  is  as  indicated,  that  is,  A  and  C  are  posi- 
tive and  B  negative,  then  when  the  switch  is  closed  cur- 
rent will  flow  from  A  and  C  through  sections  D  and  F 
of  the  auto-transformer  through  the  motor  winding  and 
back  tliroimh   section   E  of   the  auto-transformer  to  the 
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Pigs.  37  and  38.  Balanced  and  ITnualanced  EnEosTAXf. 

Pig.  39.  AuiiANOEMENT  FOR  Startinc;  Several  MoTons 

FROM  One  Compens.vtoi! 

middle  terminal  of  the  line  B,  as  shown  by  the  arrows. 
This  current  ilowing  through  sections  D.  E  and  F  of  the 
aTilo-transformer  induces  an  e.m.f.  in  sections  d,  e,  and 
/,  opposite  to  the  e.m.f.  in  sections  D,  E  and  F;  therefore, 
a  secondary  current,  having  the  direction  shown  will 
combine  with  the  primary  current  and  flow  through  the 


motor.  This  is  identical  to  the  conditions  represented  in 
Fig.  32,  only  in  this  case  three  transformers  are  u.sed  in- 
stead of  one.  After  the  motor  comes  up  to  speed  the 
switch  is  thrown  over  in  the  opposite  position  and  the 
motor  is  connected  direct  to  the  line  through  the  fuses. 
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The  second  type  of  starting  compensator  used  by  sev 
eral  manufacturers  to  start  three-phase  motors  is  one  tha 
employs  two  auto-transformers  connected  in  open  delta 
This  type  has  the  advantage  tliat  it  can  be  used  for  start 
ing  either  three-phase  or  two-phase  motors.  Pig.  35  shoW' 
such  a  starting  compensator  connected  to  a  three-phasii 
motor,  the  action  being  similar  to  that  of  Fig.  34. 

Pig.  36  shows  a  6.  E.  compensator  with  the  cover  re 
moved  to  show  the  various  parts;  in  the  center  are  tb 
three  coils  of  the  three-phase  auto-transformers.  Tb 
double-throw  switch  D  is  operated  by  the  handle  E  wddcl 
is  interlocking  and  cannot  be  thrown  to  the  running  po 
sition  until  first  thrown  to  the  starting  position.  Over 
load  relays  F  and  G  protect  the  motor  from  overloads  am 
may  be  replaced  by  fuses;  //  is  a  no-voltage  release  coi 
which  when  the  line  voltage  fails  releases  the  starlin; 
switch  D  and  handle  E  and  they  come  back  to  the  oi; 
position  so  that  the  motor  will  not  be  started  when  th 
power  comes  back  on  the  line,  except  by  an  attendant 
The  oil  tank  in  which  the  switch  T)  is  immersed  is  sliuwi 
at  the  bottom. 

A  motor  that  has  to  start  under  a  heavy  load  will  re 
quire  a  much  higher  voltage  than  one  starting  unde 
light  load  and  taps  are  usually  brought  out  so  that  aliou 
35,  50,  65  or  85  per  cent,  of  the  line  voltage  may  be  im 
pressed  on  the  motor  terminals.  With  some  starters,  em 
ploying  a  drum  switch  immersed  in  oil,  two  or  more  volt 
age  taps  are  brought  into  action  in  steps.  ' 

Two  types  of  rheostats  are  used  for  starting  three-phas; 
squirrel-cage  motors — the  balanced  and  the  unbalancei 
types,  the  former  employs  three  resistances,  one  conn-    ' 
in  each  leg  of  the  circuit,  and  usually  arranged  sn 
resistance  can  be  cut  out  in  equal  steps,  as  shown    ^ 
grammatically   in   Pig.   37.     The   connections   are    iii:iil 
so  that  the  fuses  are  out  of  circuit  as  with  the  nuti 

^'V-y   courtesy  of  the   "General   Electric   Review." 
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•ausfonner  at  .starting.  For  starting,  the  switch  is  tlirown 
)  position  ( 1 ) ,  which  connects  the  motor  to  the  line  with 
11  tlie  resistance  in  series;  as  the  motor  speeds  up  the 
ffitcii  is  thrown  to  position  (8),  this  cuts  out  one  sec- 
^ou  of  the  resistance  in  each  leg  of  the  circuit,  causing 
further  increase  in  speed.  The  switch  is  next  thrown 
>  position  (3),  which  connects  the  motor  direct  to  the 
no  through  the  fuses.  Contacts  (1)  and  (2)  are  ar- 
anged  so  that  they  are  out  of  circuit  when  the  switch 
!  in  the  running  position. 

The  unbalanced  type  has  two  resistances,  one  in  each 
f  two  legs  of  the  circuit,  as  shown  diagrammatically  in 
'ig.  38.  These  are  arranged  so  that  they  can  be  cut  out 
f  the  circuit  similar  to  Fig.  37.  Although  this  type  costs 
;ss  than  the  balanced  type  the  starting  current  is  much 
irger  for  a  given  starting  torque  and  cannot  be  recom- 
lended  except  in  cases  where  cost  is  of  primary  import- 
nee.  The  curves  in  Fig.  38a  show  the  percentage  of  full- 
lad  starting  current  required  by  a  20-hp.  motor  in  the 
iree  ditTerent  ca.ses  in  terms  of  the  required  starting 
jrque.  From  the  curves  it  will  be  seen  that  to  obtain 
.ill-load  torque  with  the  compensator  the  starting  cur- 
;nt  is  260  per  cent.,  and  with  an  unbalanced  rheostat 
80  per  cent.,  and  with  an  unlialained  rheostat  475  per 
?nt. 

Any  size  of  squirrel-cage  motor  within  the  capacity  of 
n  auto-trausformer  may  be  satisfactorily  started  from 

it,  as  the  voltage  ap- 
plied at  the  motor 
terminals  at  starting 
is  fixed  by  the  ratio 
of  the  transformer 
and  is.  therefore, 
theoretically  t  h  e 
same  for  a  large 
motor  as  for  a  small 
one.  It  is  general 
practice  to  furni,sh 
each  motor  with  its 
own  starting  device 
but  is  .sometimes  con- 
venient to  arrange 
to  start  several 
motors  from  t  h  e 
same  starting  com- 
])ensator.  A  scheme 
for  doing  this  is 
shown  in  Fig.  39.  In 
addition  to  the  start- 
i  n  g  compensator 
(which  must  be  of  a 
capacity  equal,  to 
that  of  the  largest 
motor  started  by  it) 
a  tliree-pole  double- 
throw  switch  must 
be  provided  for  each 
motor.  When  the 
^itch  is  thrown  to  the  lower  position  the  motor  is  cou- 
cted  to  the  line  through  the  starting  compensators, 
ter  it  has  come  uj)  to  speed  the  three-pole  switch  is 
Town  to  the  up  position,  thus  connecting  the  motor  di- 
tly  to  the  line.  The  auto-transformer  is  then  brought 
ck  to  the  off  position  ready  to  start  up  any  other  motor 
sired. 


'iG.  40.   Showing  Additioxal 
j  TuHNS  IN  Statok  Wind- 

,1  ING  FOR  StAKTING 


A  squirrel-cage  motor  may  be  provided  with  additional 
turns  in  the  stator  windings  for  starting.  The  Richmond 
Electric  Co.  builds  a  motor  of  this  type,  as  shown  dia- 
grammatically in  Fig.  40.  When  the  three-pole  switch  is 
thrown  to  the  starting  position  all  the  turus  in  the  wind- 
ings are  in  series  after  the  motor  has  come  up  to  speed. 


Fig.   41.    Theee-Phase 

Stae-Connected 
Winding 


Fig.  42.  Thkee-Phase 

Dklta-Connected 

Winding 


The  switch  is  tlicn  thrown  ovei-  to  the  running  ])osition 
aud  part  of  the  stator  winding  is  cut  out.  To  provide 
room  for  the  starting  coils  the  stator  core  aud  frame 
liave  to  be  made  larger  than  otherwise. 

Another  method  used  in  starting  tliree-phase  squirrel- 
cage  motors  is  the  star-delta  method  used  by  the  Crocker- 
Wheeler  Co.  for  starting  motors  of  less  than  30  lip.  At 
starting,  the  three  stator  windings  are  connected  in  star,, 
as  shown  in  Fig.  41.  The  voltage  across  each  winding 
is  equal  to  the  line  voltage  (E)  divided  by  the  V  3  or 
about  57  Tpev  cent,  of  the  line  voltage;  this  is  usually  suffi- 
cient to  start  the  motor  under  most  conditions.  When 
the  motor  comes  up  to  speed  the  switch  is  thrown  to  the 
running  position,  and  the  windings  are  connected  in 
delta,  as  in  Fig.  42;  this  applies  full-line  voltage  across 
each  winding. 

It  should  be  mentioned  that  in  some  cases  it  is  possible 
to  bring  out  low-voltage  taps  from  the  neutral  of  the 
transformers  supplying  the  power  and  by  means  of  a 
three-pole  doul)le-throw  switch  50  per  cent,  line  voltage 
can  be  obtained  for  starting.  This  requires  two  sets  of 
wires  being  run  from  the  transformers  to  the  starting 
switch  at  the  motor.  If  the  motor  is  some  distance  away 
from  the  transformers  the  cost  of  the  additional  con- 
ductors may  be  equal  to  or  exceed  that  of  a  starting  de- 
vice. 


The  Largest  AVood-Stave  Pipe — The  Northwestern  Electric 
Co.,  Portland,  Ore.,  has  recently  built  for  the  conveyance  of 
water  what  is  pi-obably  the  largest  wood-stave  pipe  yet  con- 
structed. It  is  13%  ft.  in  diameter,  one  mile  in  length,  and 
it  serves  as  the  flow  line  from  the  dam  to  forebay.  Accord-- 
ing  to  details  given  in  the  "Engineering  News,"  there  are 
ninety-four  4-in.  staves  around  the  circumference,  the  normal 
length  of  which   is   IS   ft. 

The  construction  of  this  wood  pipe  line  called  for 
over  1.600.000  ft.  board  measure  of  Douglas  flr,  consisting- 
of  1,000.000  ft.  in  the  pipe  proper,  476,000  ft.  in  the  cradle  and 
210,000  in  the  mud  sills.  The  staves  were  laid  without  tongue 
or  groove,  there  being  a  steel  dowel  plate  in  one  end  of  each 
stave  to  make  tight  the  butt  joints.  The  pipe  was  laid  upon  a 
bed  of  solid  gi-ound  and,  to  stiffen  it  against  distortion,  it  wns 
carried  in  supporting:  cradles  which  were  spaced  about  iy^  ft. 
apart  on  tangents,  the  saddles  being  carefully  cut  to  the  de- 
sired shape. 
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Gas  Engines  vs.  Steam  for  Pumping        The  cost  oi  the  plant  wa.<  as  follow,.: 


Comparisou  ou  a  commercial  basis  between  a  suction- 
gas-producei-  pumping-engiue  plant  and  a  steam-engine 
plant  operating  under  similar  conditions  is  afforded  in  a 
paper  by  J.  E.  Gibson  and  S.  H.  Wright  which  was  read 
before  the  Engineers  Club,  of  Philadelphia,  and  appears 
in  the  Proceedings  for  October. 

The  gas  plant  belongs  to  the  Delaware  Water  Co.  and 
is  situated  at  the  head  of  tide  water  on  Christiana  Creek. 


TABLE  I.      riXED  CHARGES 


Gas  Plant 

Steam  Plai 

$  200 

$      200 

920 

920 

1094 

1,9S7 

1043 

1.297 

4095 

6.491 

76 

250 

263 

327 

Management.  -  - 
Superintendence . 

Depreciation 

Sinking  fund 

Interest 

Inaurance 

Taxes 

Total 


It  consists  of  two  complete  producer  units  rated  at  110 
hp.  each  and  two  13xl2-in.,  single-acting,  three-cylinder 
vertical  gas  engines  of  89  b.hp.,  each  direct  connected  to 
a  13xl5-in.,  single-acting  triplex  pump.  The  engines  run 
at  265  r.p.m.  and  the  pumps,  through  a  5  to  1  reduction 
^ear,  at  41  r.p.m.,  at  which  speed  each  has  a  capacity  of 
Jl,640,000  gal.  per  24  hr. 


Building  and  property $38,750 

Producers  and  engines  complete,  including  auxiliaries 13,000 

Pumps  complete 7,2,50 

Piping,  air  chambers,  etc 4,500 

Total 

Cost  of  plant  per  brake  horaepi 
Cost  of  plant  per  million  galloi 


$63,500 
S392 
19,250 


capacity  per  24  hr 

A  high  grade  of  anthracite  pea  coal  is  used,  costi 
$5.10  per  long  ton  delivered  into  the  storage  bins. 

SiEAii  PuMPiNii  Plant 
The  steam  pumping  plant  belongs  to  the  Octon 
Water  Co.,  and  is  located  on  the  Octoraro  Creek,  n( 
Quarryville,  Penn.  It  consists  of  three  100-hp.  retui 
tubular  boilers  supplying  steam  to  two  horizontal,  cro 
compound  condensing  Corliss  pumping  engines,  havi 
18  and  32  by  30-in.  steam  ends  and  10x30-in.  water  er 
delivering  at  a  pressure  of  150  lb.  These  engines  run 
55  to  60  r.p.m.  and  are  rated  at  three  million  galk 
capacity.     The  cost  of  this  plant  was  as  follows: 

COST  OF  STEAM  PLANT 

Building  and  land S37.S7; 

Boilers,  engines,  piping  and  auxiliaries 39,SdC 

Total $77,72c 

Cost  of  plant  per  brake  horsepower,  allowing  10  jjer  cent,  for  engine 

friction S19C 

Cost  of  plant  per  million  gallons  capacity  per  24  hr S12.10C 

The  fuel  used  is  high-grade  bituminous,  costing  $4, 
per  long  ton  delivered  at  the  plant. 


TABLE  IL     OPERATING  CHARGES 

190S                                          1909                                          1910  1911 

Plant                                     Plant                                     Plant  Plant 

Item                                        Gas               Steam               Gas              Steam               Gas               Steam  Gas               Steam               Gas 

Fuel                                                              .      $609  22       $3497.78         $641.51       $3953.50       $1173.58       $4098.81  $1474.40       $4167.30       $1796.35 

Oil   waste  and  DackinE'    '                                ISO. 62           182.38           195.58           168.90           333  33            128.93  227.57           201.88           200.64 

Building  and  machinery  repairs 100.64            103.83         ♦280.07              14.00         t418  73           245.97  251.06           542.87         t416.19 

Pumniniz-station  wages                            .      1501.67         2529.60         1853.06         2412.15         2276  03         2309.88  2518.27         2180.00         2507.89 

Miscellaneous  expenses 75.09            192  59            133.75            107.09            143  18             81.11  183.90            146.03           274.81 

Total  per  annum $2467.24       $6506.18       $3103.97       $6655  64       $4344  83       $6864.70  $4655.20       $7238.08       $5195.88 

*  Includes  the  replacing  of  spiral  riveted  purge  pipes  on  producers,  with  cast-iron  pipe. 

t  Includes  spare  parts  for  engines,  such  as  inlet  and  exhaust  valves,  piston  rings  and  piston,  etc. 

X  Includes  compromise  settlement  of  claim  for  damaged  castings  that  developed  in  producer  in  1908,  before  the  plant  was  finally  accepted. 


TABLE  III.     COMBINED  FIXED  AND  OPERATING  CHARGES 


1908  1909  1910 

Plant  Plant  Plant 

Gas               Steam  Gas              Steam  Gas 

$2,467.24      $6,306.18  $3,103  97      $6,635  64  $4,344.85 

8,291  00      11,472.00  S.291  00      11,472.00  8,291.00 


1911  1912 

Plant  Plant 

Steam               Gas               Steam  Gas               Stean 

$6,864  70      $4,653.20      $7,238.08  $5,195.88      $7,804. 

11,472.00        8,291.00      11,472.00  8,291.00       11.472. 


Total  yearly  cost $10,7.38.24    $17,978  18    $11,394.97    $18,127.64    $12,635.85    $18,710.71    $12,946.20    $18,710.08    $13,486.88    $19,276. 


Unit  per  Million  Gallons  Actually 
Pumped  100  Ft.  High 

Management 1 

i  Superintendence  ,  .    2 

?  Depreciation .  .3 

i  Sinking  fund .  .    f 

)  Interest 3 

^  Insurance 6 

j  Taxes 7 

"*  Total  cost  per  annum 8 

5  Fuel 9 

¥Oil,  waste  and  packing 10 

3  Pumping-station  wages. . ._    ,  11 

3  Machinery-  repairs  and  building. . .  12 
^  Miscellaneous  expenses 13 


"S  Total  cost  per 

fe  T  o  t  a  1    of  Operating  and  Fixed 
5*     charges 


TABLE  IV.     COST  OF  PUMPING  ONE  MILLION  GALLONS  100  FT.  HIGH 

1908  1909  1910  1911  1912 

Gas               Steam  Gas               Steam  Gas               Steam  Gas               Steam  Gas  Stea 

$0,995            $0,491  $0,589            $0,482  $0  318            $0,415  $0  301            $0,407  $0  293  $0.31 

4,590             2.265  2.715             2.215  1  465              1.908  1,381              1.875  1.345  17' 

8  440             4.985  5.000             4.790  2  695             4.120  2.552             4.050  2.480  3  7! 

5  200             3.180  3.080             3  120  1  658             2  685  1.569              2.645  1.522  2  4! 

20  400           13.970  12.080           13.620  6  .500            13.440  6.150            13.230  5.980  12.2; 

0  379             0.615  0.224             0.602  0.121              0.319  0.114             0.509  0.111  0.4i 

1.313             0.803  0.787             0.788  0.418             0.693  0.396             0.666  0.400  0.61 

$41,317      ~  $28,219  $24,475          $27,617  $13,175          $23,780  $12,463          $23,382  $12,131  $21.7; 

$2,615           S2.410  SI. 441            $2,698  $1,291            $2,425  $1,505           $2  510  $1,860  S2  3( 

0.775             0  126  0.439             0.115  0,366             0.076  0.232             0.126  0.208  OK 

7  490             6.210  5  470             5  825  3  613             4.790  3.787             4.430  3.670  4  5! 

0.432             0.072  0  631              0  0095  0  461              0  146  0.256             0.327  0  431  0  31 

0.322             0.133  0  300             0.0735  0,157             0.048  0.188             0.088  0  285  O.K 

$11,634           $8,951  $8  281            $8,721  $3,890           $7,485  $5,968           $7,501  $6,4.54  $7,* 

$52  951         S37  170  $32  7.56         $36  338  $19  065         $31  265  $18,431         $30  883  $18,585  $29  0! 

.\verage  cost  of  pumping  1  million  gal.  100  ft.  high — gas $2f 

.\verage  cost  of  pumping  1  million  gal.  100  ft.  high — steam 3' 
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The  overlieail  uharges  for  the  two  plants  are  given  in 
Table  1.  The  management  and  superintendence  are  taken 
the  same  for  both  cases,  but  owing  to  the  larger  capacity, 
and  hence  greater  first  cost,  of  the  steam  plant,  its  total 
fixed  charges  are  greater.  In  figuring  the  depreciation, 
however,  the  life  of  the  gas-engine  plant  was  taken  as  15 
years  as  against  30  years  for  the  steam-engine  plant.  This 
docs  not  apply  to  the  buildings  which  were  in  both  cases 
considered  to  have  a  35-year  life. 

The  operating  charges  for  the  past  five  years  for  both 
plants  are  given  in  Table  3  and  the  combined  operating 
and  fixed  charges  in  Table  3.  The  fixed,  operating  and 
total  costs  reduced  to  a  basis  of  pumping  one  million  gal- 
lons 100  ft.  high  are  given  in  Table  4. 

The  items  on  lines  ]  to  7  inclusive  and  11  were  ob- 
tained by  dividing  the  annual  cost  for  those  items  by  the 
actual  number  of  million  gallons- pumped  for  the  year,  as 
these   charges  were   independent   of  the   pumping  head. 

From  Table  4  it  will  be  seen  that  for  1908  the  total 
cost  for  operating  the  gas  plant  was  considerably  greater 
than  the  steam  plant.  This  was  because  for  the  first  year 
only  one  pump  was  operated  for  only  part  of  the  day. 
The  consumption  has  now  reached  the  point  where  it  is 
found  advisable  to  operate  one  pump  continuously  and 
the  second  puni])  several  hours  each  day.  In  justice  to 
the  steam  T)lant  it  should  be  noted  that,  owing  to  its 
larger  capacity,  its  load  factor  is  less  than  the  gas  plant. 

Mean  Effective  Pressures 

In  the  issue  of  Oct.  11,  under  the  heading  "Horsepower 
of  Small  Gas  Engines,"  it  is  stated  that  the  full-load 
horsepower  may  be  estimated  by  assuming  a  mean  ef- 
fective pressure.  This  is  true,  but  it  might  be  well  to 
go  into  det«il  and  tell  how  this  assumption  is  made.  I 
have,  therefore,  added  several  well  known  methods  of 
determining  values  of  mean  effective  pressure. 

GnovEii's  Method 
Tliis  was  determined  by  examining  a  large  number  of 
indicator  diagrams,  neglecting  the  effect  of  the  kind  of 
fuel  or  the  quality  of  the  mixture.  By  this  method, 
M.E.P.  =  20  —  0.01C-,  where  C  is  the  compression  pres- 
sure in  pounds  per  square  inch  absolute.,  According  to 
this,  the  mean  effective  pressure  increases  up  to  a  maxi- 
mum at  100  pounds  per  square  inch  gage,  beyond  which 
it  decreases,  giving  results  which  are  of  practically  no 

E. 

Moss'  Method   (Powei;.  July,  190C) 

Here  the  author  not  only  considers  the  kind  of  fuel, 
but  also  considers  the  size  of  the  engine.  The  mean  ef- 
fective pressure  will  increase  with  the  engine  size  on 
iccount  of  the  relatively  less  cooling  loss  in  large  than 
n  small  engines ;  rich  mixtures  may  also  be  expected  to 
jive  higher  mean  effective  pressures.  Moss'  table  for 
Values  of  mean  effective  pressure  are  as  follows: 

MEAN  EFFECTIVE  PRESSURES,  POUNDS  PER  SQUARE  INCH. 

Probablo  Cle.ir.iE 
Compression  Pressure  as  Per  Cent,  of 
Lb.  per  Sq.In.  CJage    Displacement  Volu 


65     70     7.5  80 

70     ir,     80  8.5 

70     7.5     8.5  flO 

.90  95 


100 
110 
120 


95  100  105 

95     95      100  100  110 

95     95      100  100  110 

..       ..      100  100  110 


In  the  foregoing  table,  only  four-stroke-cycle  engines 
are  considered  and  the  fuel  is  assumed  to  be  average  nat- 
ural gas  or  illuminating  gas.  If  some  other  fuel  is  used, 
a  correction  factor  should  be  supplied  from  the  following 
table: 

RATIOS  OF  HEAT  OF  COMBUSTION  PER  CUBIC  FOOT  OF  PERFECT 

MIXTURE  TO    THE    VALUE    FOR    AVERAGE  NATURAL    GAS    OR 

ILLUMINATING  GAS 

Correction 

Fuel  Factor 

Oil  gas 1  00 

Water  gas  (uncarburetod) 1  00 

Coke-oven  gas 0  93 

Air  gas  (Siemens  producer  gas).  .  .0.79 

Water  gas  (carbureted) 1 .  05 

-Anthracite  producer  gas 0.80 

Bituminous  producer  gas 0.87 

Blast-furnace  gas 0 .  67 

Acetyline  gas 1 .  28 

Gasolene 1 .  12 

Kerosene 0 .  90 

Guldner's  Method 

This  is  based  upon  the  following  two  well  known  facts : 
(1)  Power  depends  iipon  the  volume  of  mixture  handled 
in  a  unit  time.  (3)  Power  depends  upon  the  thermal 
efficiency  with  which  the  engine  can  handle  the  volume. 
The  first  involves  cylinder  dimensions  and  revolutions 
per  minute,  and  fixing  any  two  determines  the  third.  The 
only  assumption  made  is  that  of  volumetric  efficiency, 
and  due  to  such  large  amounts  of  experimental  data  being 
available,  no  great  error  can  be  made  regarding  this 
point ;  the  same  being  true  for  thermal  efficiency  and  fuel 
characteristics.    Giildner's  formula  i'^ 

■       ,  n  X  e  XlX  H  X  d-  X  £:v 

^■^'''-  = io¥x  L 

Where 

71  =  Pevolutions  per  minute ; 
e  =■  Thermal  efficiency  ; 
I  =  Stroke  in  feet ; 
H  =  Heat  value  of  fuel  in  B.t.u. ; 
(/  =  Piston  diameter  in  feet ; 
Ev   =■-  Volumetric  efficiency  of  suction  stroke; 
L  =  Cubic  feet  of  air  required  for  one  cubic  foot  of 
gas  fuel. 
To  L,  e  and  Ev    values  mu.st  be  assigned,  and  with  such 
an   abundance   of  practical   data   available,   no   difficulty 
should  be  experienced  in  that  direction. 

A.  L.  A.  M.  For.iii'LA 
B.hp.  =  d-  N/2.5,  where  d  is  the  cylinder  diameter  in 
,  inches  and  A  is  the  number  of  cylinders.  Since  the  term 
2. .5  results  from  the  contraction  of  several  arbitrarily  as- 
sumed factors,  the  formula  is  of  no  use  whatever  as  far 
as  design  is  concerned. 

IiirE's  roiaH"i,.\ 
.,  J  d^XlX  NX  n  I  1 

^'■^'■P-  =    -     14,000      -   (;'•-'"  uH'/y 

where 

f/ =  Cylinder  diameter  in    inches; 
/  =  Stroke  in  inches  : 
A  -=  Number  of  cylinders  ; 
?(  =  Revolutions  ])er  minute; 
CI  =  Clearance  in  terms  of  piston  displacement. 
By  using  the  foregoing  formulas  to  solve  the  same  prob- 
lem, it  will  be  found  that  the  results  vary  so  as  to  make 
it  difficult  to  predict  with  accuracy  the  values  of  mean 
effective  pressure  and  horsepower. 

M.  A.  Ticker. 
Xewburgh,  N".  y. 
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Special  Ward  Heating  and  Ventilation 

By  H.  S.  Knowlton 

The  Peter  Bent  Brigham  Hospital,  a  group  ol'  lifteeu 
new  bnildings  near  the  Harvard  Medical  School,  Bos- 
ton, is  one  of  the  most  modern  institutions  of  its  kind  in 
the  country.  The  facility .  with  which  patients  in  l)ed 
can  be  rolled  out  of  doors,  the  provision  for  natural 
lighting,  sanitation,  steam  and  hot-water  systems,  am! 
floor-warming  coils  under  certain  ward  rooms  arc  in- 
teresting features.  The  heating  and  ventilation  plant  was 
designed  by  Densmore  &  LeC'lear,  mechanical  engineers, 
Boston,  and  in  the  following  paragraphs  are  given  the 
principal  features  of  heating  and  ventilation  employed 
in  a  typical  ward  building. 

Heating  and  power  service  are  supplied  from  the  ad- 
jacent plant  of  the  Harvard  Medical  School  through  an 
8xS-ft.  reinforced-concrete  tunnel.  A  typical  ward  build- 
ing accommodates  40  patients.  There  are  three  general 
wards,  the  octagonal  room  A  and  the  ward  B  on  the  first 


floor,  aiul  ward  A'  on  the  second,  with  1  I,  s  and  1"3  beds 
respectively,  and  five  special  wards  with  one  and  two 
beds  each.  The  general  arrangement  of  the  heating  and 
ventilating  system  is  shown  in  Figs.  1  and  2.  The  heat- 
ing is  mainly  by  hot-water  radiators  connected  to  a  two- 
pipe  under-fed  system.  Wards  A,  B  and  E  are  heated  and 
ventilated,  and  the  smaller  wards  arc  ventilated  by  the 
introduction  of  fresh  air  on  the  plenum  system.  Diet 
kitchens,  duty  rooms  and  other  places  from  which  odors 
may  come  are  ventilated  by  the  use  of  exhaust  fans.  Hot- 
water  heating  was  selected  on  account  of  its  quietness  of 
operation  and  uniformity  of  temperature  control  secured. 
Fig.  1  shows  the  general  arrangement  of  heater,  screen 
and  fan  rooms  in  the  basement  of  a  typical  ward. 

The  cold  air  entering  the  heater  room  passes  through 
the  first  two  groups  of  a  stack  of  1134  sq.ft.  of  heating 
surface,  the  groups  being  valved  separately  for  partial 
regulation.  A  portion  of  the  air  flows  through  the  two 
remaining  groups,  and  the  remainder  is  bypassed  through 
a  mixing  damper,  whence  it  passes  to  the  upper  portion 
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Fig.  1.    Plan  of  Piping  and  General  Arkangemi^nt  of  Heating  and  Ventilating  System 


Deoember  2,  1013 


P  0  W'  E  K 


791 


Fig.  3.  Fihst-Floor  Plan  of  Peter  Bent  Bijigiiam  Hospital 
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the  screen  chamber  where  it  is  drawn  through  dust 
uags  and  enters  a  Xo.  9  Sturtevant  multivane  fan  with  a 
capacity  of  17,-100  cu.ft.  per  min.,  driven  by  a  6-hp. 
motor  with  a  speed  range  of  from  1?1  to  284  r.p.m. 
From  the  fan  room  tlie  air  is  forced  througli  a  galvanized- 
iron  duct  branching  into  two  air  chambers,  one  on  either 
side  of  the  entrance  to  the  fan  room.  An  adjustable 
damper  is  located  at  the  bifurcation.  One  of  the  air 
cliambers  is  connected  by  a  36x78-in.  horizontal  masonry 
duct  with  a  square  air  chamber  under  ward  .1.  At  each 
of  the  four  corners  of  the  latter  is  a  reheater  containing 
215  sq.ft.  of  heating  surface,  giving  a  total  of  860  sq.ft. 
of  reheating  surface  for  the  octagonal  ward.  There  are 
also  four  similar  reheaters,  two  in  either  air  chamber  ad- 
jacent to  the  fan  and  heater  rooms,  two  each  serving 
wards  JS  and  E.  Ward  E  has  two  additional  reheaters, 
each  containing  215  sq.ft.  of  surface,  located  at  the  west 
wall  of  the  basement,  supplied  by  26xlO-in.  ducts. 

A  system  of  galvauized-iron  ducts  connecting  the  air 
chamber  adjacent  to  the  heater  room  with  riser  duets 
supplies  a  classroom,  and  special  ward  rooms  at  tlic 
northern  end  of  the  building.  Adjustable  dampers  are 
installed  at  the  branches  of  the  ducts  and  at  the  lower 
ends  of  the  riser  ducts  leading  from  the  air  chamber. 
Fresh  air  enters  ward  room  A  through  four  1 8x2 1-in. 
registers  placed  in  the  sides  of  square  concrete  supports 
about  3  ft.  in  height,  spaced  at  the  four  corners  of  a 
square  in  the  center  of  the  room  above  the  reheaters  on 
the  floor  below.  This  arrangement  gives  an  even  dis- 
tribution of  air  throughout  the  ward.  Two  52xl8-in. 
outlets  are  located  near  the  ceiling  in  the  partition  wall, 
one  on  either  side  of  the  doorway. 

Ward  B,  situated  on  the  cast  side  of  the  corridor  in 
the  central  portion  of  the  building,  is  served  by  two  24x 
11-iu.  inlet  ducts  in  the  corridor  wall,  and  two  33xl2-in. 
outlet  ducts  in  the  wall  at  either  end  of  the  room.  Ward 
E,  occupying  the  full  width  of  the  southern  end  of  the 
building  on  the  second  floor,  is  supplied  by  four  24x12- 
in.  riser  ducts  placed  in  the  end  walls  near  the  corners. 
The  exhaust  ducts  from  wards  A,  B  and  E  are  carried 
into  four  vents  fitted  with  an  aspirating  steam  coil  of  15 
sq.ft.  of  surface,  discharging  into  the  open  air  above  the 
roof  over  ward  E. 

ilonitors  over  wards  A  and  E  ventilate  the  rooms  when 
the  indirect  heating  plant  is  not  in  use.  The  ventilation 
system  provides  for  five  changes  of  air  per  hour  in  the 
classroom  and  all  the  ward  rooms  except  A  and  E,  which 
are  supplied  with  4.53  and  5.86  changes  per  hour  respec- 
tively. The  above  figures,  in  terms  of  cubic  feet  per  hour 
per  patient,  give  12,400  for  ward  A  and  1 1,000  for  ward  B. 
All  toilets  are  ventilated  at  the  rate  of  1500  cu.ft.  per 
hr.  per  fixture.  Inlet  and  duct  velocities  are  6  and  5  ft. 
per  sec,  respectively. 

Steam  coils,  as  shown  in  Fig.  2,  are  placed  in  a  dead 
space  under  the  floors  around  the  outsides  of  ward  rooms 
A  and  B  for  the  purpose  of  warming  the  concrete  floors 
under  the  beds.  Battleship  linoleum  covers  the  central 
portion  of  these  rooms  but  does  not  extend  under  the 
beds.  The  coils,  consisting  of  ly^-in.  pipes,  are  placed 
at  one  side  of  an  inclosed  area  about  1  ft.  high  and 
8  ft.  wide,  and  are  supported  by  hangers  midway 
between  the  top  and  bottom  of  the  space.  Two  of  the 
sides  are  formed  by  the  basement  ceiling  and  the  walls, 
and  the  other  two  sides  are  made  of  Xo.  20  galvanized 
iron  supported  by  l%xi4"i"-  hangers  and  lined  with  a 


layer  of  four-ply,  1-in.  thick  air-cell  blocks  with  cemented 
joints.  To  establish  a  circulation  of  warm  air,  partitions 
or  baffle-plates  made  of  Xo.  20  galvanized  iron  have  been 
placed  alongside  of  the  coil  of  pipes  attached  to  Ixl-in. 
angle  irons  secured  to  the  hangers.  A  portion  of  the  cas- 
ing under  the  coil  of  pipes  is  made  removable  by  covers, 
in  sections,  insulated  by  two  layers  of  air-cell  blocks.  The 
galvauized-iron  bottom  and  sides  are  coated  with  plaster. 

A  6-in.,  hot-water-heating  supply  main  enters  the 
building  from  the  tunnel  branches  near  the  entrance  sup- 
ply the  main  stack  and  risers  leading  to  radiators  in 
the  rooms  at  the  northern  end  of  the  ward.  The  main 
runs  the  length  of  the  basement,  encircling  the  air  cham- 
ber under  ward  A,  delivering  to  the  four  reheaters,  and 
returns  parallel  to  itself  supplying  risers  and  reheaters 
in  the  air  chamber  near  the  fan  room.  It  is  reduced  in 
size  from  6  to  1%  i"-  at  the  last  reheater.  A  branch 
feeds  the  two  ward  E  reheaters,  and  risers  in  the  central 
portion  on  the  west  side  of  the  basement.  The  hot-watei- 
heating  return  line,  ly^  i'l-  iii  diameter,  begins  at  one  of 
the  ward  A  reheaters,  then  runs  along  the  building  to- 
ward the  tunnel,  tapping  the  return  drops  and  the  re- 
heaters in  the  air  chambers  near  the  fan  room,  reaching 
a  maximum  diameter  of  6  in.  A  branch  of  the  return 
main  starting  on  the  west  side  of  the  basement  near  the 
octagonal  end,  connecting  with  return  drops  and  reheat- 
ers, joins  the  return  main  near  the  entrance  to  the  tun- 
nel ;  a  second  branch  from  the  northern  end  also  con- 
nects with  the  main  at  this  point. 

A  3-in.  pipe  taken  from  the  hot-water  heating  main 
in  the  basement  of  ward  C  building  serves  as  an  expan- 
sion pipe  for  the  system,  and  is  carried  to  the  roof  space 
adjacent  to  the  fan  room,  the  high  point  of  the  entire 
svstem,  and  connects  with  the  bottom  of  a  steel  expansion 
tank  4  ft.  in  diameter  and  9  ft.  long.  The  tank  is  fitted 
with  a  lH-in.  drawoff,  and  a  2-in.  vapor  pipe  leading 
through  the  roof.  A  3-in.  overflow  pipe  with  a  2-in.  re- 
lief valve  runs  from  the  top  of  the  tank  to  the  basement 
and  connects  with  the  water  drain  outside  the  building. 
All  the  other  buildings  heated  by  hot  water  are  fitted 
with  a  1-in.  pipe  leading  from  a  high  point  in  the  base- 
ment piping  to  the  roof  and  vented  through  an  inverted 
Foskett  and  Bishop  trap,  discharging  air  instead  of  water. 
Steam  at  boiler  pressure  enters  the  building  through  a 
2-in.  line,  and  is  reduced  to  5  lb.  per  sq.in.  by  a  reduc- 
ing valve  which  is  bypassed.  A  2-in.  steam  main  runs 
along  the  basement,  and  branches  supply  the  floor-warm- 
ing coils  for  wards  A  and  £.  Hand  valves  are  fitted  to 
the  supply  end  of  each  pipe  comprising  the  coils,  and  vac- 
uum valves  are  installed  on  the  return  end  of  such  pipes; 
also  a  hand  and  vacuum  valve  are  fitted  on  the  drip  of  the 
horizontal  supply  pipe  feeding  the  riser  pipes  of  the  coils. 
The  Johnson  service  system  of  temperature  control  is 
used  in  all  wards. 

In  general  throughout  the  hospital,  inlets  are  located 
near  the  ceiling  and  outlets  near  the  floor.  Only  a  few 
registers  have  been  installed  on  account  of  the  difficulty 
of  keeping  them  free  from  dust.  A  grill  is  placed  in 
each  inlet  duct,  of  diagonal  2-in.  mesh  of  Xo.  10  wire 
with  a  channel-iron  frame  resting  on  angle-iron  supports, 
and  all  cold-air  openings  are  grilled.  Ducts  and  flues 
are  designed  to  avoid  friction  by  the  use  of  sweeps  and 
curves  where  changes  in  direction  occur.  Sturtevant  fans 
are  used  throughout.  The  heating  contractor  was  the 
Cleghorn  Co.,  of  Boston. 
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Safety  First 

The  aljove  has  been  adopted  as  a  slogan  by  many  in- 
dustries, and  various  conventions  have  met  and  are  meet- 
ing to  promote  tlie  idea  among  manufacturers  that  it  is 
not  only  humane  but  economical  to  prevent  accidents  to 
employees  rather  than  settle  for  the  consequences.  Pro- 
tections of  every  conceivable  nature  are  being  invented 
to  prevent  gears,  belts,  wheels  and  every  part  of  rapidly 
moving  machinery  from  causing  the  accidental  injury  of 
those  employed  in  their  vicinity. 

Notwithstanding  the  streniTous  efforts  that  are  being 
made  to  protect  machinery,  it  is  said  to  be  proved  by  sta- 
tistics, that  only  twenty  per  cent,  of  the  industrial  ac- 
cidents can  he  laid  to  faulty  machinery,  the  balaiice  be- 
ing due  to  carelessness  or  thoughtlessness  on  the  part  of 
the  injured,  or  the  carelessness  of  some  fellow  worker. 
To  avoid  these  accidents,  the  education  of  the  employee 
as  to  how  he  may  protect  himself  and  his  fellow  worker 
from  the  inherent  dangers  of  his  occupation,  seems  to  be 
the  only  solution.  Power  has  repeatedly  called  to  the 
attention  of  its  readers  one  of  the  dangers  incurred  by 
boiler  cleaners,  repair  men  and  inspectors  who  may  be  re- 
quired to  enter  boilers  that  are  connected  by  pipe  lines  to 
other  boilers  under  steam;  but  the  subject  is  of  such  im- 
portance that  it  will  bear  repetition,  and  especially  at  a 
time  when  a  wave  of  "safety  first"  seems  to  be  sweeping 
the  land. 

Have  you  ever  stopped  to  think  how  helpless  the  map 
inside  the  boiler  is  to  protect  himself?  It  is  impossible 
for  him  to  watch  the  acts  of  his  fellow  workers  to  see  if 
they  are  likely  to  jeopardize  his  safety,  and,  in  fact,  he 
is  reduced  to  one  sense,  that  of  hearing,  to  afford  him 
protection ;  and  receiving  a  warning  by  sound  is  of  the 
most  doubtful  aid,  in  avoiding  the  accidents  that  are  like- 
ly to  occur.  The  inspector  may  be  ever  so  careful  and 
thoroughly  examine  the  valve  on  every  connecting  pipe 
that  may  become'  a  source  of  danger,  before  entering  the 
boiler,  only  to  have  all  of  his  precaution  set  at  naught  by 
some  meddler  or  employee  who  is  ignorant  of  his  presence 
in  the  plant. 

Owners  should  provide  locks  for  all  valves  that  can 
admit  steam  or  hot  water  to  a  boiler  under  repair  or  in- 
'speetion,  and  it  should  not  be  forgotten  that  the  blowoff 
valve  is  one  of  the  most  serious  menaces  to  safety,  when 
all  blowolf  pipes  connect  to  a  single  main.    When  a  boiler 
inspector  visits  a  plant  for  the  purpose  of  making  an  in- 
ternal  examination   of   a   part   of  the  boilers  while   the 
ilcthers  are  under  steam,  it  is  not  unreasonable  for  him  to 
expect  an  attendant  to  follow  his  movements  while  inside 
the  boilers  to  protect  him  from  passible  danger. 
h    While  inside  one  of  a  battery  of  extremely  hot  boilers 
l|n  the  Pittsburgh  district  one  Sunday  morning  a  num- 
•'ler  of  years  ago,  the  writer  heard  a  scuffle  on  the  tiring 
ioor   followed   by  a   long  string  of   very  effective   Irish 
laths.     Coming  out  of  the  boiler  to  learn  the  cause  of 
lie  commotion,  the  Irish  engineer  was  found  still  menac- 
iig  a  Hungarian  laborer  who  was  laying  on  the  coal  pile 


drenched  in  oil.  The  engineer  had  knocked  down  the 
Hungarian  in  the  act  of  "heaving"  three  gallons  of  crude 
oil  into  the  bottom  manhole  of  the  boiler  just  vacated. 
Had  the  engineer  lacked  the  ability  to  think  and  act  at 
the  same  time,  there  would  have  been  registered  another 
fatal  boiler  accident  with  the  writer  playing  the  role  of 
corpse. 

If  a  boiler  requires  repairs  that  necessitate  the  presence 
of  men  in  it  for  several  days,  the  pipe  connections  should 
be  broken  at  a  flange  and  blanked  oft'.  If  the  boiler  is  to 
be  entered  for  only  a  short  time  for  cleaning  or  inspecting, 
the  valves  should  be  locked  and  a  sentinel  placed  on  guard 
while  men  are  inside.  If  an  accident  happens  under  such 
conditions,  the  owner  or  one  responsible  for  taking  pre- 
cautions will  have  a  clear  conscience,  also  a  clean  record 
Ijcfore  tb.e  coroner. 


Compensating  Long  Service 

A  certain  operating  engineer  gave  forty-eight  years  of 
loyalty  and  good  service  to  his  company.  Then  his  em- 
ployers, for  no  given  reason,  summarily  dismissed  him. 
No  fault  had  been  found  with  his  ability — he  was  mental- 
ly and  physically  unimpaired- — but  the  company  had 
entered  into  no  agreement  with  him  beyond  the  stip- 
ulated wages ;  he  was  worth  to  the  company  ju.st  so 
many  dollars  and  cents ;  it  had  profited  by  the  account  Init 
concluded  to  close  it.  Rather  a  narrow  standard  of  ap- 
preciation, isn't  it? 

If  this  engineer  had  been  in  the  employ  of  the  Penn- 
sylvania R.R.,  for  example,  he  would  ha.ve  been  pensioned, 
his  name  placed  on  its  roll  of  honor,  and  his  half  century 
of  service  made  public.  This  company  knows  the  exceed- 
ing value  of  loyalty,  for  its  business  creed  contains  an 
article  which  says  that  the  company  securing  the  loyalty 
of  its  men  secures  better  service;  "the  creator  of  loyalty 
is  a  public  benefactor." 

In  this  company's  recent  bulletin  it  is  stated  that  from 
three  men  it  received  one  hundred  and  fifty-four  years  of 
loyalty  and  faithful  service.  These  men  were  retired  with 
a  life  pension  and  placed  on  the  road's  roll  of  honor, 
which  contains  four  thousand  and  seven  living  persons. 

Where  is  the  operating  engineer's  roll  of  honor,  his 
substantial  recognition  of  a  lifetime  of  service  and 
loyalty  ? 

The  industrialists  claim  that  "as  the  humanistic  side 
of  civilization  has  made  progress,  we  have  attained  higher 
ideals  regarding  industry";  that  the  mere  daily  wage  of 
dollars  and  cents  is  inadequate  recompense.  There  are 
many  who  will  take  issue  with  the  industrialists  in  the 
matter  of  ideals  in  our  particular  field  of  endeavor.  There 
are  those  who  believe  that  ninety-eight  per  cent,  of  their 
employees  would  not  even  consider  the  question. 

Reward  for  length  of  service  is  no  new  idea,  no  ex- 
periment ;  there  are  many  examples  in  other  fields  to  be 
had  to  prove  its  worth  and  practical  application.  Why 
have  the  great  majority  of  employers  of  power-plpnt  en- 
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giiioers  sceiiiiiiglv  ignored  its  ineaiis  to  giiin  addcil  Idyally 
and  length  of  service? 

The  comparatively  few  companies  now  paying  pensions 
are  in  a  measure  pioneers  in  this  work,  and  it  is  to  be 
hoped  that  they  will  make  public  their  method  of  pro- 
cedure. If  publicity  is  given  this  matter,  it  may  be  the 
means  of  exciting  the  interest  of  employers  who  would 
adopt  a   similar  plan   were  they  assured  of   its   success. 

A  Good  Day's  Work 

What  constitutes  a  good  day's  work  for  an  engineer? 
How  may  the  superintendent  know  wlien  a  good  day's 
work  has  been  done  ? 

In  the  small  plant  the  engineer  would  doubtless  feel 
that  he  had  earned  his  pay  if  he  did  nothing  but  keep 
all  apparatus  in  good  shape  with  a  minimum  of  expense. 
If  he  does  his  own  firing,  lie  will  also  attend  to  the  wash- 
ing out  of  the  boiler  and  do  many  small  repair  jobs 
which  the  suijerintendent  knows  nothing  about. 

Because  the  engineer  can  be  seen  sitting  in  a  chair, 
apparently  doing  nothing  it  does  not  follow  that  he  is  not 
doing  a  good  day's  work.  His  brain  may  be  busy  solving 
a  problem  that  will  produce  better  plant  operation. 

The  superintendent  usually  takes  it  for  granted  that 
the  engineer  who  is  always  engaged  in  manual  labor  is  a 
more  valuable  man  than  the  one  who  appears  to  be  do- 
ing notliing. 

One  num  is  engaged  in  routine  work,  or  shoveling  fuel 
into  the  furnace,  the  other  is  engaged  in  formulating 
plans  to  reduce  the  necessity  of  shoveling  so  much  fuel. 
It  requires  but  little  thought  to  determine  which  man  is 
doing  the  better  day's  work. 

In  larger  power  plants  the  oiler  travels  over  mure  flour 
area  than  the  chief  engineer.  Each  does  a  good  day's 
work  if  they  perform  their  work  to  the  best  of  their 
ability.  If  the  chief  engineer  neglects  doing  a  duty  that 
should  receive  attention,  and  the  oiler  performs  his  duties 
to  the  best  of  his  ability,  he  is  doing  a  good  day's  work, 
and  better  than  his  chief. 

It  is  not  always  so  much  what  is  done  as  how  it  is  done 
that  counts  in  the  long  run.  A  man  may  occupy  half 
an  hour  in  making  a  necessary  adjustment  and  not  do 
another  thing  all  day,  and  yet  have  done  a  good  day's 
work.  Xeglecting  to  make  the  adjustment  might  result 
in   an  expensive  accident. 

Another  man  may  work  hard  all  day,  but  neglect  the 
one  thing  requiring  attention  and  by  this  neglect  permit 
an  accident  to  occur  that  would  amount  in  damage  to 
mure  than  he  receives  for  a  year's  work. 

A  romping  bird  dog  does  not  compare  with  a  hunting 
dog,  trained  to  point  out  the  position  of  the  game,  nor 
does  a  hurly-burly  engineer  compare  with  a  thinking  en- 
gineer in  doing  a  good  day's  work. 

Steam-Turbine   Engineering 

Ten  years  ago  the  following  statement  appeared  in  an 
engineering  journal  in  relation  to  a  two  thousand-horse- 
power turbo-generator:  ''This  was  the  first  American 
plant  where  steam-turbine  units  of  large  size  were  in- 
stalled." 

One  can  scarcely  realize  that  a  two  thousand-horse- 
power turbine  was  ever  considered  a  large  unit  when  com- 
pared with  the  late.st   development   in   turbine  practice. 


But  ten  years  ago  it  is  doubtful  if  even  the  dreamer  of 
future  triumphs  had  a  glimmer  of  the  proportion  to  which 
the  turbine  was  to  grow.  And  the  end  is  not  in  sight 
for  no  one  seems  willing  to  predict  how  large  in  capacity 
steam  turbines  will  be  built.  As  someone  put  it,  the 
limit  in  size  and  capacity  seems,  at  present,  to  be  gov- 
erned by  the  ability  to  pay  the  price  of  construction. 

As  the  turbine  has  increased  in  size  and  capacity  the 
condenser  jsroblem  has  been  augmented.  One  naturally 
associates  a  surface  condenser  with  the  regulation  cast- 
iron  casing.  When  it  comes  to  making  a  condenser, 
capable  of  handling  the  steam  exhausting  from  a  twenty- 
five  thousand  or  thirty  thousand  steam  turbine,  the  size 
of  the  unit  demands  a  structure  of  greater  strength  than 
is  afforded  by  cast  iron,  under  ordinary  operating  con- 
ditions. A  combination  of  steel  and  cast-iron  condenser 
body  with  water  heads  has  been  found  advisable  in  one 
instance  of  large-turbine  practice. 

A  condenser  capable  of  condensing  .the  steam  from  a 
twenty-five  thousand-kilowatt  turbine  would  be  equipped 
with  a  circulating  pump  of  about  forty-two  thousand  gal- 
lons capacity  per  minute.  In  fact,  the  condenser  outfit 
for  a  large  unit  would  require  as  much  attention,  while 
running,  as  is  given  by  many  engineers  to  their  entire 
equipment. 

With  the  coming  of  large  turbines  the  field  of  the  op- 
erating engineer  has  broadened.  Ten  years  ago  the  en- 
gineer in  charge  of  a  two  thousand-horsepower  turbine 
was  considered  among  the  upper  class.  Today  he  would 
be  considered  of  minor  importance  as  a  turbine  operator. 
The  larger  units  require  men  who  understand  their  busi- 
ness. A  mistake  in  operating  a  small  unit  means  but  a 
comparatively  small  monetary  loss;  with  one  of  the 
monster  turbines  it  may  mean  a  large  outlay  in  repairs 
beside  the  loss  of  output. 

The  two  thousand-horsepower  turbine  has  sunk  into 
insignificance.  How  long  will  it  be  before  the  thirty-five 
thousand-kilowatt  unit  will  be  regarded  as  a  past  mile 
stone  in  the  march  of  progress? 

It  is  said  that  the  Pennsylvania  R.R.  will  electrify 
through  to  Elizabeth,  N.  J.  This  is  a  step  toward  the 
electrification  of  the  entire  jSTew  York  division,  and  an 
indication  of  a  general  tendency  which  means  more  power 
plants  and  more  chance  for  the  big  power-plant  engineer. 

The  accidental  opening  of  a  valve  controlling  the  fiow 
of  water  under  a  head  of  450  ft.  through  a  penstock  to 
turbines  in  the  12,000-hp.  Pioneer  station  of  the  Utah 
Light  &  Railway  Co.,  wrecked  the  entire  plant.  While 
seldom  so  serious,  the  mistakes  of  opening  or  closing 
wrong  valves,  or  the  right  valves  at  the  wrong  time  are 
all  too  common  in  power  plants.  It  pays  to  make  it  a 
habit  to  think  what  the  consequences  are  likely  to  be  be- 
fore operating  a  valve. 

The  American  Society  of  Mechanical  Engineers  haa 
doubled  in  membership  in  the  last  eight  years.  So  said 
Secretary  Calvin  W.  Rice  at  the  recent  local  meeting  of 
the  society  in  New  Haven.  We  predict  that  it  will  more 
than  double  in  half  that  time  if  a  few  more  sections  of 
the  country  take  up  these  local  meetings  as  have  Boston, 
New  Haven  and  Philadelphia,  and  show  a  corresponding 
enthusiasm  to  that  which  has  been  evident  in  the  meet- 
ings in  the  above  cities  in  the  last  two  years. 
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Soda-Ash  for  Boiler  Waters 

Tlie  recent  article  by  Mr.  Bromley  and  discvissions  on 
tlie  subject  of  soda-ash  calls  to  my  mind  a  plant  that  has 
been  using  soda-ash  for  some  time  with  good  results. 
The  water  is  taken  from  the  city  mains,  and  the  scale 
resulting  from  its  use  is  composed  principally  of  car- 
l)onates  and  sulphates  of  calcium.  All  the  exhaust  drips 
are  returned  to  the  heater  through  an  efficient  separator 
which  removes  the  oil  which  formerly  went  through  a 
skimming  tank,  and,  consequently,  a  great  deal  of  oil  weni 
into  the  boilers.  Several  kinds  of  compounds  were  used 
which  did  more  damage  to  the  handhole  gaskets  than  it 
did  good  to  the  scale  or  oil.  After  the  separators  were 
]uit  in  vciy  little  oil  went  into  the  boilers,  and  soda-ash 
Y,-as  substituted  for  compouuil   with  good   results. 


mm%m 
Piping  for  Heater  and  Soda-Ash  Tank 


This  is  used  at  tlie  rate  of  about  1  lb.  per  24  lir.  per 
40  to  50  boiler  horsepower,  whereas  Mr.  Bromley  recom- 
mends about  S  lb.  per  100  boiler  horsepower  or  four  times 
as  much.*  There  are  no  two  plants  that  will  require 
the  same  treatment,  and.  for  that  reason  I  believe  that 
the  conclusions  reached  by  Mr.  Bromley  might  bo  mis- 
leading unless  the  existing  conditions  are  very  carefully 
studied  as  well  as  a  chemical  analysis  of  the  water  made. 
When  it  was  decided  to  use  soda-ash  in  the  above  men- 
tioned plant  the  matter  was  figured  out  along  the  same 
line  as  Mr.  Bromley  calculated,  but  after  using  the  soda- 
ash  at  that  rate  for  a  few  weeks  it  was  found  that  many 
of  the  tube  caps  gaskets  were  leaking.  In  fact,  the  soda- 
ash  oozed  out  through  them  and  hung  like  huge  icicles  on 
the  tube  caps.  Also  it  was  necessary  to  increase  the 
amount  of  cylinder  oil  used.  The  compound  or  soda-ash 
did  not  seem  to  affect  the  gaskets  in  the  steam  line,  to 
any  e.xtent,  hut  after  the  compound  had  been  used  sev- 
jeral  months  several  leaks  showed  up  in  the  pipe  threads 
[of  Uie  flanges  and  fittings.  The  manner  in  which  the 
!soda-ash  and  compound  were  fed  into  the  boilers  is  sliown 


•[The  author  of  the  article  referred  to 
soda-ash  would  be  required  as  an  initi:i 
!.■  water  (5000  lb.  for  a  100  hp.  boilei) 
'\'''r)  normal  solution,  but  not  tiiat  S  lli 
iilv.  To  quote  from  the  article:  "Unle.ss 
I  here  are  water  leaks  or  the  blowoff  ii 
Ml,-  soda  ash  will  be  lost  from  the  boiler 
ill    remain    at    the    proper    concentration, "- 


stated    that    S   lb. 

ih.u-;.-  to  bring 
\<  tn  3  per  cent. 
siM.iiI.l  1..-  put  in 
111-    l>cMhr    primes 

used  frequently, 
and  the  solution 
■Editor.] 


in  the  accompanying  sketch,  and  is  so  simple  lliat  it 
needs  little  explanation.  The  soda-ash  is  dissolved  (the 
amount  required  for  one  (hiy)  in  about  3  or  4  gal.  of  hot 
water  and  poured  intd  the  feeder  tank,  then  the  feed 
valve  is  set  to  feed  a  very  small  stream  into  the  water 
entering  the  feed-water  heater.  Tins  will  feed  the  chem- 
icals to  all  boilers  in  proportion  to  their  rate  of  work- 
ing, and  will  be  fed  in  about  6  to  8  hr.  If  a  greater  quan- 
tity of  water  was  used  it  could  be  made  to  cover  a  longer 
period,  but  when  set  to  feed  by  drops  it  would  clog  up 
with  sediment. 

I  believe  that  the  proper  amount  to  use  can  he  iiettcr 
determined  by  trial  than  by  calculation.  If  too  much  is 
used  it  will  cause  foaming,  an<l  atfect  the  lubrication  of 
the  engines. 

J.  ('.  Hawkins. 

Hyattsville.    Md. 


16-Lb.  per  Hp-Hr.  Noncondensing 

Asa  P.  Hyde  in  a  letter  puldisbed  in  the  Sept.  23  issue 
of  Power  criticizes  a  test  on  an  19x21-in.  Lentz  simple 
engine,  conducted  by  F.  W.  Dean,  of  Boston,  expressing 
liis  doubts  in  regard  to  the  correctness  of  the  results  ob- 
tained. Mr.  Hyde  bases  his  reasons  on  the  following 
statements  which  were  published  in  the  original  article 
on  the  test  which  was  an  extrai-t  from  Mr.  Dean's  re- 
port to  the  Erie  City  Iron  Works : 

First,  steam  was  so  perfectly  condensed  that  only  a 
trifling  quantity  of  vapor  escaped,  so  small  that  it  would 
not  affect  the  result  by  a  measureable  quantity. 

Second,  the  reducing  motion  was  practically  correct. 

Third,  current  was  absorbed  by  a  water  rheostat. 

In  regard  to  the  fir.st  statement  it  may  be  said  that  the 
intensity  of  ab,sorptioii  of  moisture  by  the  atmosphere 
depends  on  the  time  and  the  surface  exposed  to  the  sur- 
rounding atmosphere.  The  condensed  steam  was  weighed 
during  the  test  in  barrels  about  24  in.  in  diameter,  con- 
taining approximately  400  lb.,  and  each  barrel  was  filled 
in  about  414  min.  On  account  of  the  small  opening  of 
the  barrels,  and  the  short  time  it  took  to  fill  them,  it  is 
out  of  the  question  that  a  quantity  could  be  absorbed  liy 
the  atmosphere  which  would  have  an  appreciable  bearing 
on  the  result.  Furthermore,  the  water  was  intentionally 
kept  at  a  comparatively  low  temperature,  about  165  deg., 
to  keep  the  water  in  the  barrels  considerably  below  the 
steam  tein])erature. 

Tn  rcg.-ird  to  the  second  statement,  it  can  be  asserted 
that  there  hardly  exists  a  reducing  motion  that  is  "abso- 
lutely" correct.  That  is  the  reason  why  in  the  repoi't 
the  word  "practically"  was  used.  The  reducing  motion 
was  carefully  examined  before  the  test,  and  found  so 
nearly  correct  that  it  was  considered  that  the  stretching 
of  the  indicator  cord  would  produce  a  greater  error  than 
the  slight  fault  in  the  reducing  motion.  Though  the 
latter  could  not  be  termed  "absolutely"  correct,  the 
error  was  so  slight  that  it  was  not  measureable. 
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Xiie  water  rheostat  consisted  of  a  heavy  beam  to  vrhicli 
the  different  positive  and  negative  electrodes  were  at- 
".  Tliere  were  eight  pairs  of  electrodes  altogether. 
wei«  iinmerged  in  the  water  of  eight  separate  har- 
Teif.  The  amperage  could  be  decreased  or  increased  by 
raisins  or  lowering  the  electrodes.  A  man  was  stationed 
right  at  the  barrels  in  direct  communication  with  the 
man  in  chaige  of  tlie  test,  and  at  the  direction  of  the  lat- 
ter, the  electrodes  were  held  immerged  in  the  water  to 
such  extent  as  to  keep  the  amperage  absolutelv  con- 
stant. The  Toltage  was  kept  constant  bv  means  of  a  field 
rheostat  which  was  under  the  direct  supervision  of  the 
consulting  engineer  in  charge  of  the  test.  All  the  instru- 
ments were  carefully  calibrated  to  make  sure  of  their  ac- 
c'jiaey. 

It  is  plain  from  the  above  statements  that  everii'Thiiig 
had  been  done  to  get  ac-curate  figures  of  the  steam  con- 
sumption of  the  engine.  It  can  be  asserted  that  condi- 
tions were  favorable  for  obtaining  correct  results,  as  the 
steam  pressure,  superheat  and  load  were  practically  con- 
stant during  the  test.  The  fact  that  the  water  barrels 
for  weighing  the  condensed  steam  were  filled  up  at  ex- 
actly the  same  intervals,  also  emphasizes  the  correctne^ 
of  tiie  steam  consumption  obtained  during  the  test. 

Professor  Mover,  of  the  State  College  of  Pennsylvania, 
was  recently  in  charge  of  a  test  on  the  engine  used  dur- 
ing the  Dean  test.  The  object  of  this  sec-ond  test  was  to 
determine  the  steam  consumption  of  the  engine  with 
higher  superheat  than  was  obtainable  during  the  first 
test.  The  data  on  this  test  will  be  published  shortly  in 
PowEE..  but  at  this  date  it  may  be  stated  that  with  ap- 
pio3dmately  150  lb.  pressure  and  150  deg.  superheat,  a 
steam  consumption  of  close  to  15  lb.  per  i.hp.-hr.  was 
obtained.  This  test  tends  to  corroborate  the  figures  ob- 
tained by  Mr.  Dean. 

S.  BOSEXZWEIG, 

Erie  City  Iron  Works. 
Erie.  Penn. 

» 

Diagrams  from  an  Old  Engine 

The  ac-c-ompanying  diagrams  were  recently  taken  from 
an  old  beam  engine  which  has  been  in  regular  servic-e  for 
about  YO  years,  during  which  time  the  most  extensive  al- 
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teration  or  repair  consisted  of  fitting  a  smaller  high- 
pressnre  cylinder  which  was  done  many  years  ago.  The 
high-pressure  cvlinder  is   255^   in.   diameter  by   33  in. 


stroke  and  the  low-pressure  is  33  in.  diameter  by  66  in. 
stroke.  The  boiler  pressure  is  80  lb.,  and  the  diagrams 
show  75  lb.  initial  and  about  24  in.  vacumn. 

From  all  that  can  be  learned  concerning  this  engine 
the  cylinders  have  never  been  rebored,  although  one  or 
two  lots  of  rings  have  been  fitted.  Both  the  beam  and 
conneetiuff-rod   are  of  cast  iron,  the  latter  lieing  about 
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17-ft.  centers.  The  low-pressure  cylinder  is  fitted  with 
piston  valves  and  the  high  pressure  with  a  quick-acting 
flat  valve. 

It  is  to  be  observed  that  the  diagrams  from  the  high- 
pressure  cylinder  show  very  fair  expansion  curves,  the 
form  of  the  diagrams  indicating  that  this  old  engine  is 
probably  quite  as  economical  as  many  modern  engines 
with  the  latest  types  of  valve-gears. 

E.  B.  Peakce. 

Bochdale,  England. 

Clear  Water  from  a  Muddy  River 

It  would  be  useless  for  the  writer  to  deny  the  logic  or 
conclusions  of  A.  P.  Connor  in  his  especially  interesting 
and  valuable  article  on  the  above  subject,  appearing  on 
pages  611  and  612  of  the  Oct.  28  issue  of  Power,  but 
it  api>ears  that  another  cause  may  be  the  actual 
agent  in  making  the  above  phenomenon  possible, 
and  this  phenomenon  fully  complies  with  the 
conditions  referred  to.  In  regard  to  the  conditions, 
it  may  be  said  that  the  exjilicit  manner  in  which  they 
have  been  set  forth  enables  this  writer  to  go  fully  into  the 
phases  which  would  tend  to  bring  about  the  results  de- 
scribed in  the  original  article,  and  which  are  based  on 
different  reasons. 

It  is  a  fact  that  artesian  water  or  flowing  wells  are 
common  in  the  region  of  the  lower  Potomac  at  a  depth 
of  30  or  50  ft.  1>elow  the  river  level.  Assuming  that  the 
river  referred  to  is  the  Potomac,  on  ac-c-ount  of  the  ad- 
dress being  given  as  Washington,  it  is  my  opinion  that 
the  crevice  in  the  rock  bottom  of  the  river  is  of  sufficient 
depth  (approximately  90  ft.)  to  be  sup])lied  by  the  same 
strata  of  artesian  water  which  is  found  farther  down 
stream  at,  say.  50  ft.,  allowing  for  the  fall  in  the  river. 
Our  geological  friends  tell  us  that  subterranean  rivers 
are  not  the  source  of  our  artesian  water,  but  rather  a  per- 
r-olating  process  through  the  rock.  Xow,  Mr.  Connor  says 
the  water  is  of  a  lower  temperature  than  the  river  water 
proper:  therefore  it  would  settle  to  the  bottom  of  the 
crevice,  in  which  case  it  would  carry  the  sediment  with  it  ' 
and  would  have  filled  the  space  long  ago.  The  fact  that 
the  crevice  is  clear  and  that  even  rapid  pumping  does  not 
create  a  down  flow  and  carry  turbid  water  to  the  pumB 
suction   convinces  me  that  there  is  an  upward  flow  of 
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artesian  water  at  this  point.  This  is  only  in  the  nature 
of  a  supplement  to  Mr.  Connor's  article  and,  I  believe, 
ailils  interest,  geological  as  well  as  engineering. 

Leon  Lewis. 
Washington,    X.    J. 


its  way  into  the  bottom  of  this  pit;  therefore  the  flow 
being  upward  there  is  no  chance  for  the  muddy  water 
to  get  into  the  hole.  This  would  also  account  for  the 
uniform  low  temperature  of  the  water. 

Leon  Roundy. 
Concord  Junction,  Mass. 


]\Ir.  Connoi-'s  reasons  for  the  presence  of  clear  water 
in  a  crevice  at  the  bottom  of  a  muddy  river,  as  expressed 
in  the  Oct.  28  issue,  do  not  agree  with  my  theory  of  the 
situation.  From  conditions  described  in  his  article  it  ap- 
pears that  the  source  of  clear  water  is  from  a  spring  in 
the  bed  of  the  river.  He  states  the  temperature  is  ap- 
proximately 50  deg.  F.,  and  varies  but  little  throughout 
the  year. 

He  also  states  that  in  winter  the  warmer  water  would 
be  in  the  crevice  at  the  bottom  of  the  river  while  the 
freezing  water  and  ice  were  on  top,  and  also  that  the  tem- 
perature at  the  bottom  of  the  hole  would  be  about  48 
deg.  F.  in  winter. 

When  water  in  rivers  or  lakes  gets  colder  than  39.1 
deg.  F.,  which  is  its  temperature  of  greatest  density,  it 
"turns  over,"  that  is,  the  water  on  the  bottom  comes  to 
the  top  and  the  water  on  top  goes  to  the  bottom.  We  see 
from  his  statement  that  if  the  water  in  the  crevice  at  the 
bottom  of  the  river  was  river  water  its  temperature  would 
be  39  deg.  F.  instead  of  48  deg.  F.,  as  stated  by  Mr. 
Connor. 

If  the  w-ater  in  the  hole  was  clarified  from  the  river 
water  its  temperature  would  be  practically  the  same  on 
top  as  on  the  bottom,  for  in  river  waters  there  are  small 
currents  and  also  the  current  of  the  stream  which  keep 
the  water  agitated  and  the  suspended  matter  in  suspen- 
sion. The.se  small  currents  are  what  causes  needle  and 
anchor  ice  to  float  at  all  depths  in  rivers  and  lakes. 

Mr.  Connor  states  that  the  suspended  matter  is  of  a 
clayey  nature.  J'or  such  substance  to  settle  requires  that 
the  water  be  quiet,  and  also  requires  considerable  time. 
As  the  suspended  matter  settles  to  the  bottom,  what  would 
keep  it  from  entering  the  strainer  and  suction  pipe?  If 
the  water  in  the  hole  is  in  a  quiet  state,  what  would  pre- 
vent the  hole  from  filling  up  with  the  sediment  from  the 
water.  T  am  of  the  opinion  that  the  clear  water  in  the 
hole  is  from  a  spring,  as  the  water  from  springs  varies 
little  in  temperature  throughout  the  year. 

One  sure  way  of  telling  if  the  water  in  the  hole  is  from 
the  river  woiild  be  to  have  the  waters  from  the  river  and 
hole  analyzed.  If  the  analy.sis  is  the  same  for  both  sam- 
ples, most  likely  the  water  in  the  hole  has  its  source  from 
:he  river,  but  if  different  it  must  come  from  some  other 
source. 

Lawricxce  Kj euulff. 

Kansas  Citv,  Mo. 


On  page  611  of  Oct.  28  issue.  A.  P.  Connor  tells  how 

supply  of  clear  water  was  obtained  from  a  muddy  river. 

Vhile  the  facts  as  given  in  this  instance  are  truly  in- 

leresting,  it  would  seem  wise  to  investigate  thoroughly 

efore  attempting  to  duplicate  these  conditions  by  arti- 

[iCial  methods  as  Mr.  Connor  suggests  might  be  done. 

All  running  streams  deposit  more  or  less  solid  sub- 
J:ance  in  the  low  places  in  their  beds,  tending  to  even 
Ip  the  surface  over  which  they  flow  and  had  there  not 
Ipen  some  special  reason  for  the  existance  of  this  hole 
1)  the  river  bed  no  doubt  nature  would  have  filled  it  ages 
KO.    It  seems  probable  that  an  underground  stream  finds 


[In  connection  with  Mr.  Connor's  article  and  the  above 
discussion  of  it,  it  is  interesting  to  read  the  excerpts  be- 
low from  the  Washington  Star  for  Nov.  4,  1913. 

Why  there  are  no  artesian  wells  in  Washington  and  why 
some  are  found  as  near  as  Colonial  Beach  and  at  other  points 
down  the  coast  is  explained  in  some  detail  by  Olaf  A.  Ljung- 
stedt,  of  the  Geological  Survey.  Mr.  Ljungstedt  takes  excep- 
tion to  an  article  in  the  "Star"  some  time  ago  purporting  to 
explain  the  geology  of  the  artesian  wells  south  of  Washing- 
ton.    The   story   he   refers   to   made   the   following   statement: 

To  illustrate  how  slowly  the  water  travels:  Many  artesian 
or  flowing  wells  are  found  along  the  Potomac  River  at 
Colonial  Beach  and  oth.;r  points  in  Virginia,  about  sixty  miles 
from  Washington.  This  water  is  obtained  by  drilling  into  a 
sandstone  formation  which  extends  along  the  Potomac  valley 
and  into  Maryland  and  outcrops  near  Frederick,  Md,.  some 
fifty  miles  north  of  Washington.  It  takes  about  100  years 
for  the  water  of  this  subterranean  river  to  flow  that  dis- 
tance, that  is,  the  rains  falling  upon  the  exposed  portions  of 
the  porous  rocks  near  Frederick  sink  in  and  move  southward 
at   the   rate  of  about  one  mile  a  year. 

NO  WATER  COULD  FLOW 
Mr.  Ljungstedt  says  that  this  statement  would  be  interest- 
ing if  true,  but  that  there  is  no  truth  in  it.  Betw^een  Frederick 
and  Washington  there  is  a  deep  wall  of  impervious  rock, 
through  which  no  water  could  flow  in  a  million  years.  This 
cuts  off  Washington  and  the  region  to  the  south  from  the 
benefit  of  any  artesian  flow  from  the  accumulation  of  rain- 
water in  the  Frederick  region.  But  between  that  point  and 
the  flowing  wells  at  Colonial  Beach  there  is  another  deposit 
of  pervious  rock  through  which  the  water  can  seep,  so  that 
the  supply  for  the  flowing  wells  at  the  beach  is  of  compar- 
atively  local   origin. 

Assuming  that  the  location  of  the  crevice  mentioned 
by  Mr.  Connor  is  in  the  Potomac  Eiver  and  in  Wash- 
ington, it  would  appear  from  Mr.  Ljungstedt's  comment 
that  either  the  water  taken  from  the  crevice  is  water  that 
seeps  in  from  areas  local  to  the  crevice  or  is  river  water. — 
Editor.] 


Method  of  Cost  Finding 

In  the  Oct.  21  issue,  ilr.  Milton  asks  for  the  method 
of  obtaining  the  cost  per  kilowatt-hour  of  generating 
electricity  in  a  200-kw.  plant,  and  gives  the  cost  of  labor 
per  day  and  coal  per  ton. 

This  information  is  too  meager  to  obtain  more  than 
a  rough  approximation  of  the  probable  cost  of  power  in 
this  particular  plant.  The  following  is  the  general  meth- 
od employed  in  determining  the  cost  of  power.  With  this 
and  the  information  which  Mr.  Milton  presumably  has, 
he  should  be  able  to  compute  very  closely  the  cost  for  his 
plant. 

The  cost  of  operating  power  plants  is  divided  into  two 
parts : 

(1)  Fixed  charges. 

(2)  Operating  eo.sts. 

Fixed  charges  cover  all  expenses  that  do  not  varj'  with 
the  output  of  the  plant.  In  the  average  case  these  con- 
sist of  interest  on  the  investment  required  for  the  plant, 
depreciation,  taxes  and  insurance. 

Interest  varies  with  the  nature  of  the  security.  Unless 
definite  figures  are  available,  5  per  cent,  of  the  capital 
invested  may  be  taken  as  an  average  figure. 

Depreciation  represents  the  amount  necessary  to  be  set 
aside  each  year  at  compound  interest  to  replace  the  plant 
bv  the  time  it  has  either  become  worn  out  or  uneconomi- 
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cal  for  further  operation.  General  practice  sliow.'^  that 
tlie  latter  cause  is  usually  the  one  regulating  the  life  of 
the  plant.  In  most  cases  5  per  cent,  represents  a  fair 
charge  for  depreciation.  This  is  on  the  basis  of  a  useful 
life  of  14  years  and  interest  at  5  per  cent. 

Taxes  vary  with  the  locality  but  may  be  taken  at  1 
per  cent,  of  the  value  of  the  investment  if  actual  figures 
are  not  available.  The  cost  of  insurance  will  be  about 
one-half  of  1  per  cent. 

Operating  costs  may  be  divided  as  follows: 
Labor. 

Fuel  and  water. 
Oil,  waste  and  supplies. 
Ash  removal. 
Repairs  and  maintenance. 

The  cost  of  lab(n-  varies  so  much  with  the  locality  and 
type  of  plant  that  this  item  can  be  determined  only  after 
the  exact  conditions  are  known.  In  New  York  City  fire- 
men can  be  obtained  for  about  $G0  per  month,  assistant 
engineers  at  $80  to  $100  and  chief  engineers  at  $100  to 
$135  per  month. 

The  cost  of  fuel  and  water  is  largely  affected  by  local 
conditions.  Also  the  amount  required  will  depend,  to  a 
great  extent,  on  the  design  of  the  plant  and  the  economy 
of  the  apparatus  used.  If  economical  apparatus  is  in- 
stalled the  first  cost  and  fixed  charges  will  be  high  and 
the  coal  and  water  charges  low,  while  if  an  uneconomical 
l)lant  is  installed  the  reverse  will  be  the  case.  Obviously 
the  best  plant  is  one  in  which  the  sum  of  these  two  items 
is  the  least.  For  an  average  plant  of  the  size  under 
consideration  the  coal  consumption  would  be  about  8 
lb.  per  kw.-hr. 

Oil,  waste  and  supplies  will  approximate  from  5  to  10 
per  cent,  of  the  total  operating  expenses.  For  a  plant  of 
200  kw.  capacity  this  item  will  amount  to  about  $500  per 
year. 

Ash  removal  may  or  may  not  be  an  item  in  the  operat- 
ing costs  and  no  predetermined  amount  can  be  given  un- 
less local  conditions  are  known. 

Repairs  and  maintenance  depend  to  a  great  extent  on 
the  quality  of  the  material  and  apparatus  installed  in 
tke  plant,  and  the  efficiency  of  the  operating  force.  Where 
first-class  material  and  apparatus  have  been  used  and  a 
good  grade  of  labor  employed  it  may  be  taken  at  about 
2  per  cent,  of  the  first  cost  of  the  plant. 

The  total  cost  for  generating  power  depends  largely 
upon  the  load  factor.  With  a  good  load  factor  a  plant 
of  this  size  should  be  able  to  generate  electricity  at  a 
total  cost  of  3 1/4  to  31/^c.  per  kw.-hr. 

If  steam  is  supplied  by  the  plant  for  heating,  this 
shoidd  be  deducted  from  the  total  charges  as  computed 
above.  If  the  amount  of  radiation  is  known  the  amount 
of  coal  required  to  generate  this  steam  will  be  about  75 
lb.  per  sq.ft.  for  a  heating  season  in  the  vicinity  of  Xew 
York  City  which  is  200  days  with  an  average  tempera- 
ture of  35  to  40  deg.  F.  For  other  localities  this 
amount  will  vary  directly  with  the  length  of  the  season 
and  the  severity  of  the  climate. 

The  above  estimate  is  for  electricity  delivered  at  the 
switchboard.  In  the  case  of  a  central  station  the  cost  of 
distribution  and  lamp  renewals  must  be  taken  into  con- 
sideration. 

W.    L.    DUUAXD. 

Brooklvn,  X.  Y. 


Referring  to  Mr.  Milton's  request  in  Power  of  Oct. 
21  issue  relative  to  cost  of  power  per  kilowatt-hour,  the 
following  is  submitted.  We  are  to  consider  a  200-kw.  di- 
rect-connected plant. 

The  generator  manufacturers  will  guarantee  a  me- 
chanical olTicieucy  of  91  per  cent,  for  a  generator  of  the 
above  capacity  while  the  manufacturers  of  a  high-grade 
engine  will  safely  guarantee  90  per  cent,  mechanical  effi- 
ciency. Considering  the  engine  and  generator  as  a  direct- 
connected  unit,  it  will  have  an  overall  efficiency  of  81.9 
per  cent.;  200  divided  by  0.819  gives  245,  which  shows 
the  work  done  by  the  steam  engine ;  245  divided  by  0.746 
will,  therefore,  give  the  indicated  horsepower  of  the  en- 
gine, which  is  328. 

Assuming  the  engine  of  this  horsepower  to  be  of  the 
compound  type  we  can  assume  a  steam  consumption  ol 
23  lb.  per  horsepower  per  hour  for  an  engine  running 
jioncondensiug,  since  the  exhaust  steam  is  to  be  used  al 
times  for  steam  heating.  The  steam  consumption  will 
therefore,  be 

328  X  23  =  7550  ]h.  pn-  In-. 
A  good  boiler  will  evaporate  9   lb.  of  water  jjer  Hi.  nl 
coal,  so  that 


r550  X  24 


9 


9  X  2240 

tons  of  coal  will  be  required  every  24  hr.  At  $4.50  per  tor 
the  coal  bill  will  amount  to  $40.50.  Wages  for  24  hr 
are  stated  as  $10.  To  these  should  be  added  $0.25  tc 
cover  supplies,  oil,  etc.,  making  a  total  cost  of  $50.75  foi 
24  hr.  operation.     Therefore, 

-^^^-    =  1.00 
200  X  24 

or  a  trifle  over  Ic.  is  the  cost  of  manufacturing  a  kilo- 
watt-hour. It  must  be  remembered  that  the  above  doei 
not  take  into  account  repairs,  interest,  taxes,  insurance 
depreciation  of  nmchinery  or  cost  of  feed  water  which 
are  at  times  important  factors  to  be  considered.  Al 
the  exhaust  steam  may  not  be  iised  for  heating  so  thai 
the  engine  can  be  run  partly  condensing  which  will  de- 
crease  the  cost  of  operation.  The  values  assumed  maj 
liave  to  be  changed  to  meet  the  gmirantees  of  the  gen- 
erator, engine  or  boiler  manufacturer,  which  will  clnuig< 
the  final  result  accordingly.  The  values  assumed  ars 
fairly  safe  and  the  method  is  general. 

ITolyoke,  Mass.  David  Fliegi-;ljiax. 

Jacketing  of  Cylinders 

The  writer  has  recently  noticed  the  difference  betweer 
steam-jacketed  locomobile  cylinders  and  fiue-gas-jacketec 
cylinders,  observing  that,  after  short  service,  the  flue-gas 
jacketing  imparts  a  coat  of  soot  which  is  one  of  the  best 
heat  nonconducting  materials.  Perhaps  many  readers  oi 
PoAVEE  have  proved  this  by  getting  the  bottom  of  ai 
ordinary  kettle  covered  with  soot  when  it  was  boiling  anc 
then  held  it  on  the  tips  of  their  fingers,  of  cotirse  be 
lug  very  careful  not  to  break  the  film  of  soot,  and  thi 
question  arises  as  to  how  much  actual  benefit  is  derive(, 
by  the  cylinder  from  the  flue  gas  after  it  once  become' 
coated  with  soot.  It  looks  as  though  soot  should  be  ver 
efficient  jacketing  and  a  good  nonconductor  of  heat,  am 
I  would  like  to  know  if  any  readers  of  Power  have  usei^ 
it  successfully  as  a  covering  for  pipes  or  cylinders. 

Rochdale,  England.  E.  R.  Pearce. 
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ioiireturu  \'silvf — On  what  principl*^  does  a  nunreturn  valve 
k? 

B.  P. 

)n  the  principle   nf  a   lialanced   check   valve. 

robin   Bronze — What    is   Tobin    bron/.eV 

A.    S. 
robin    bronze    is    an    alloj-    cuinposecT    of    copper.     61.2    per 
:.;    zinc,    37.14    per    cent.;    tin.    0.9    per    cent.;    iron,    O.IS    per 
;.,  and  lead,   0.3S   per  cent. 


MTcrslty    Fai-tor — What 


It    b: 


llu-     tt 


rsit> 


.\.  D.  i;. 

t  is  the  ratio  of  the  sum  of  the  individual  maximinn  i 
ds  of  the  distribution  system  (which  may  occur  at  diff 
times)  to  the  greatest  demand  on  the  seneratins'  systt 
ng  a  given  period. 


ESxhanst  Noise — What  causes  the  popping  sound  when  a  gas 
jteam   engine   exhausts   into  the   atmosj^here? 

J.    W.    D. 
rhe    sudden    disturbance    of   the    atmosphere.    Just    as    when 
surface    of    still    water    is    struck    with    a    lath    producing 
aen    displacement    of    air    which    ii>    extended    through    the 
osphere   as  a  sound   vibration. 


Boiler  Riveting;- — In   the    riveting    of   boiler   seams   which    is 
better,   zigzag   or  chain   riveting? 

J.    L. 
Sigzag    riveting    has    the    advantages    over    chain    riveting 
t  it  requires  less  lap  of  the  sheets  at  the  joint;  that  it  dis- 
lutes    the   strain    on    the    sheets    more    uniformly    along    the 
It   and    that    it    aftords    better   support    for    calking. 


Bngine    Speeds — Why    cannot    a     Coi-liss    engine     be    oper- 
i  at  as  high  a  speed  as  a   slide-valve   engine? 

J.  P. 
rhe  speed  at  which  a  slide-valve  engine  can  be  driven 
imited  only  by  the  pressure  of  the  steam  and  the  strength 
:he  parts  of  the  engine.  The  speed  of  a  Corliss  engine  is 
ited  by  the  speed  at  which  the  valve  i-elease  gearing 
1  operate. 


ud  fu 


lula  for  a  com- 


RuHt  Joint  I'ompounil — What  is 
nd  for   making    rust   joints? 

F.  W.  D. 
rhe  old  Engiish  formula  for  rust  joint  cement  was  200 
of  wroug'ht-iron  chips  to  2  lb.  sal  ammoniac  and  1  lb.  of 
ir  of  sulphur.  This  will  set  in  24  hr.  For  quicker  settinfr 
y  about  50  lb.  of  Wrought-iron  chips  should  be  used  in 
ce  of  200   lb. 


-What  can  cause   a   safety   valv.-   that 
to   continue    to   blow   until   the   pres- 


Brratie   Safety   Valt 

ins  to  blow   at    100 
e  has  fallen   to  :iO   lb..' 

E.    P. 
rhe   valve    is    either    li.-ld    open    by    friction    of   the    working 
ts.    or   else    the    mechanism    is   of   such    a   kind    or   condition 
t  the  higher  pressure  throws  the  valve  out  of  line  prevent- 
its   becoming    reseated. 


Water    Hammer — W'hat    is    "water   hammer"? 

E.   P. 
VVhen  steam  in  one  part  of  a  system  of  connected  pipes  or 

iels  condenses  more  rapidly  than  in  another  part,  a  vacuum 
'eduction  in  pressure  is  formed  and  steam,  rushing-  into 
space,  carries  along  any  wratei-  in  its  path,  causing  the 
3r  to  be  driven  at  high  velocity  against  the  sides  of  the 
or  vessel  producing  what   is  called   "water    hammei-." 


otton  Cable  IJresMiiiB — Is  there  any  treatment  which  will 
then  the  life  of  cotton  cables?  We  want  something  that 
reduce   the   wear  without  causin.g   them  to   slip. 

C.   B. 
good    dressing   for    rliiv.'    rope    consists    of   a    mixture    of 
.    any    ve.getable    oil    and    p(.wd.-red    graphite    tlioroughly 


ground   and   mixed,    warm, 
with   conditions,    climate,   etc 
is  the  following,   the   parts   I 
graphite  and   S   of  oil. 


proper  proportions  will  vary 
ut  a  good  average  proportion 
S   by  volume:    1    of   rosin,    4    of 


Filling    a    Liibri 

filling  a  luljricator 


-What    is    the 


ilit    procedure    whe 


E.    P. 


To  refill  a  lubricator  close  the  w-ater-feed  valve  and  the 
regulating  valve,  and  open  the  drain  valve;  then  remove  the 
filler  plug.  When  the  water  has  all  drained  out  of  the  oil 
reservoir  close  the  drain  valve,  fill  the  oil  reservoir  with  oil 
and  replace  the  filler  plug.  Then  to  operate  the  lubricator, 
open  the  water-feed  valve  ;uid  adjust  the  regulating  valve  to 
the  desired  rate  of  feed. 


Compression  and  Temiierature — W'hat  effect  does  the  com- 
pression of  steam  in  an  engine  cylinder  have  on  its  temper- 
ature? 

J.  H.  W. 

Pressure  increases  as  volume  decreases,  and  the  pressure 
at  any  particular  point  will  be  practically  inversely  as  the 
volume.  The  temperature  of  the  steam  at  any  pressure  of  the 
compression  will  be  at  least  as  high  as  the  temperature  of  dry 
saturated  steam  at  the  same  pressure  in  a  boiler  and  the  tem- 
perature may  rise  even  higher.  When  dry  saturated  steam  is 
compressed  without  transfer  of  heat  to  the  piston  or  cylinder 
it  becomes   superheated. 


Hi;i^h  Compression — Is  it  possible  for  steam  to  be  com- 
l-i'-essed  in  an  engine  cylinder  to  higher  than  initial  pressure? 
If    so,    what    happens? 

J.  H.  W. 

If  the  exhaust  valve  closes  so  early  in  the  return  stroke 
of  the  piston  as  to  imprison  a  large  volume  of  exhaust  steam, 
the  amount  of  compression  may  be  sufficient  to  i-aise  the 
pressure  at  the  end  of  the  stroke  even  higher  than  the  boiler 
pressure  and  it  may  stay  higher  until  the  steam  valve  has 
opened  or  is  forced  off  its  seat.  When  either  happens  the 
compressed  steam  discharges  back  into  the  steam  chest  until 
its  presstire  is  reduced  to  the  live-steam  pressure  in  the  steam 
chest,  or  in  common  parlance,  "is  pumped  back  into  the  boiler." 


.Vir-Bouud  Trap — W^hat  causes  a  steam  trap  (bucket  t.vpe) 
to  get  airbound?  Why  will  water  not  flow  into  a  trap  filled 
with    air    the    sarn*-    as    if    it    were    filled    with    steam? 

J.  W.   U. 

A  steam  trap  or  steam  radiator  remaiJis  "airbound,"  pre- 
venting the  admission  of  steam,  because  the  air  is  heavier 
than  the  steam.  When  water  is  presented  to  the  airbound 
trap,  the  air  is  compressed  to  the  same  pressure  as  the  water 
and  the  viscosity  of  the  water  and  its  friction  resist  the 
gravity  of  the  water  to  displace  the  air.  Dislodgment  of  the 
air  is  also  made  more  diflScult,  as  is  commonly  the  case  in 
water  pipes,  when  the  air  is  in  the  form  of  a  foam  or  aggre- 
gation of  bubbles  held  together  by  the  viscosity  of  their  liquid 
envelopes  which  are  gathered  up  from  a  pipe  or  vessel  which 
has  contained   dirty  water. 


s — If  a  volume  of  150  cu.in.  of  water  at 
a  temperature  corresponding  to  that  of  steam  at  100  lb.  pres- 
sure is  introduced  into  a  cubic  foot  of  steam  at  that  pressure, 
will  the  pressure    be   increased    oi-  decnased'.' 

J.  W.  D. 
Assuming  the  steam  to  be  dry  and  saturated,  the  effect 
would  be  the  same  as  if  a  space  containing  the  150  cu.in.  of 
water  had  the  original  172S  cu.in.  of  steam  compressed  into 
it  until  the  combined  volume  was  only  1728  cu.in.  This  would 
necessarily  result  in  (a)  a  rise  in  temperature  and  pressure 
r)f  the  steam  and  then  (b)  a  transference  of  part  of  the 
heat  of  the  steam  to  the  water,  accompanied  by  loss  in  pres- 
sure and  temperature  of  the  steam  until  the  water  rose  to  the 
same  temperature  as  the  steam.  There  being  more  than  the 
original  total  heat  present  in  the  mixture  (the  additional  heat 
being  the  heat  introduced  to  compress  the  steam  into  smaller 
volume)  the  final  temperature  and  pressure  would  necessarily 
bi-    higher  than    the  original   temperature  and   i)ressure. 
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Trigonometry — 1 1 

The  complemeni  of  an  angle  is  that  angle  whieli  added 
to  the  first  will  make  au  angle  of  90  deg.  For  example, 
an  angle  of  30  deg.  is  the  complement  of  one  of  60  deg.; 
45  deg.  of  -lo  deg.,  and  so  on. 

In  the  diagram,  Fig.  4,  angle  lAB  is  the  complement  of 
angle  BAC.  Just  as'^O  is  the  sine  of  angle  BAF,  DB 
is  the  sane  of  angle  lAB,  but  DB  being  equal  to  AC  is 
equal  to  the  cosine  of  angle  BAF.  This  shows  that  the 
cosine  of  an  angle  is  equal  to  the  sine  of  its  complement 
and  the  sine  of  an  angle  is  equal  to  the  cosine  of  lis 
complement. 

The  same  might  be  shown  from  Fig.  3  (last  lesson) 
for,  the  sum  of  the  angles  of  any  triangle  being  180  deg. 
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and  the  angle  C  a  right  angle,  the  sum  of  the  other  two 
angles  must  be  90  deg.;  hence  B  is  the  complement  of  A. 


Just  as  sin  A  = 
h 


~    so  also  is  sin  B  =    -,    but 


.■i  = 


hence  cos  A  =  sin  B. 


Similarly  in  either  v,ay  it  might  lie  proved  that  each, 
function  of  an  acute  angle  is  equal  to  the  co-named  func- 
tion of  its  complementary  angle.  In  fact,  cosine,  cotan- 
gent, cosecant  and  coversine  are  simply  abbreviated  ways 
of  saying  complement's  sine,  compleinent's  tangent,  com- 
plement's secant  and  complement's  versine. 

It  follows  from  the  last  rule  that  the  function  of  any 
angle  heiween  J/S  deg.  and  90  deg.  is  equal  to  the  cofunc- 
tion  of  the  complementary  angle  hetween  0  deg.  and  U5 
deg.  The  importance  of  this  is  to  be  observed  in  connec- 
tion with  the  computation  of  tables  of  natural  functions 
for  it  is  necessary  to  carry  the  tables  only  as  far  as  45  deg. 


Tables  of  trigonometrical  functions,  as  they  are  call 
are  the  values  of  functions  corresponding  to  angles 
creasing  by  degrees  or  fractious  thereof,  which  have  bi 
carefully  worked  out  so  that  solutions  of  problems  i 
l)e  quickly  obtained  without  the  drudgery  of  calculat 
the  functions.  Such  tables  are  available  in  handbo 
and  books  of  tables  and  carried  out  to  far  greater  s 
divisions  of  angles  than  the  abridged  table  herew 
(Table  1).  The  latter,  however,  will  serve  to  illustr 
the  use  of  such  a  table  and  will  do  for  such  problems 
appear  in  this  course. 


TABLE 

I.     NATURAL   FUNCTIONS 

OF  ANGLES 

Co- 

Sine 

Cosecant 

Tangent 

tangent 

Secant 

Cosine 

n  0000 

Infinite 

0.0000 

Infinite 

1.0000 

1.0000 

0.0175 

57.2987 

0.0175 

57.2900 

1.0002 

0.9998 

0.0349 

28.6537 

0.0349 

28.6363 

1.0006 

0.9994 

0.0523 

19.1073 

0.0524 

19.0811 

1.0014 

0.9986 

0.0698 

14.3356 

0.0699 

14.3007 

1.0024 

0.9976 

0.OS72 

11.4737 

0.0875 

11.4301 

1.0038 

0.9962 

0.1045 

9.5668 

0.1051 

9.5144 

1.0055 

0.9945 

0.1219 

8.2055 

0.1228 

8.1443 

1.0075 

0.9925 

0.1392 

7.1853 

0.1405 

7.1154 

1.0098 

0.9903 

0.1564 

6.3924 

0.1584 

6.3138 

1.0125 

0.9877 

0.1736 

5.7588 

0.1763 

5.6713 

1.0154 

0.9848 

0.190S 

5.2408 

0.1944 

5.1446 

1.0187 

0.9816 

0.2079 

4.8097 

0.2126 

4.7046 

1.0223 

0.9781 

0.2250 

4.4454 

0.2309 

4.3315 

1.0263 

0.9744 

0.2419 

4.1336 

0.2493 

4.0108 

1.0306 

0.9703 

0.258S 

3.8637 

0.2679 

3.7321 

1.0353 

0.9659 

0.2756 

3.6280 

0.2867 

3.4874 

1.0403 

0.9613 

0.2924 

3.4203 

0.3057 

3.2709 

1.0457 

0.9563 

0.3090 

3.2361 

0.3249 

3.0777 

1.0515 

0.9511 

0.3256 

3.0716 

0.3443 

2.9042 

1.0576 

0.9455 

0 . 3420 

2.9238 

0.3640 

2.7475 

1.0642 

0.9^97 

0.35S4 

2.7904 

0.3839 

2.6051 

1.0712 

0.9336 

0.3746 

2.6695 

0.4040 

2.4751 

1.0785 

0.9272 

0.3907 

2.5593 

0.4245 

2.3559 

1.0864 

0.9205 

0.4067 

2.4586 

0.4452 

2.2460 

1.0946 

0.9135 

0.4226 

2.3662 

0.4663 

2.1445 

1 . 1034 

0.9063 

0.4388 

2.2812 

0.4877 

2.0503 

1.1126 

0.8988 

0.4540 

2 . 2027 

0.5095 

1.9626 

1.1223 

0.8910 

0.4695 

2.1301 

0.5317 

1.8807 

1.1326 

0.8829 

0.484S 

2.0627 

0.5543 

1.S040 

1.1434 

0.8746 

0.5000 

2.0O0O 

0.5774 

1.7321 

1.1547 

0.8660 

0.51.50 

1.9416 

0.6009 

1.6643 

1 . 1666 

0.8572 

0.5299 

1.8871 

0.6249 

1.6003 

1 . 1792 

0.8480 

0.5446 

1.8361 

0.6494 

1.5399 

1.1924 

0.8337 

0.5592 

1.7883 

0  6745 

1.4826 

1.2062 

0.8290 

0.5736 

1.7434 

0.7002 

1.4281 

1.2208 

0.8192 

0.5878 

1.7013 

0.7265 

1.3764 

1.2361 

0.8090 

0.6018 

1.6616 

0.7536 

1.3270 

1.2521 

0.7986 

0.6157 

1.6243 

0.7813 

1.2799 

1.2690 

0.7880 

0.6293 

1.5890 

0.8098 

1.2349 

1.2868 

0.7771 

0.6428 

1.5557 

0.8391 

1.191S 

1.3054 

0.7660 

0.6561 

1.5243 

0.8693 

1.1504 

1.3250 

0.7547 

0.6691 

1.4945 

0.9004 

1.1106 

1.3456 

0.7431 

0.6820 

1.4663 

0.9325 

1.0724 

1.3673 

0.7314 

0 . 6947 

1.4396 

0.96.57 

1.0355 

1,3902 

(1.7193 

0.7071 

1.4142 

1.0000 

i.onoo 

1.4142 

0.7071 

Cosine 

Secant 

Co- 

Tangent 

Cosecant 

Sine 

tangent 

For  functions  from  45  deg.  to  90  deg.  read  from  bottom  of  table  upward. 

In  this  table  the  functions  versine  and  coversine 
omitted  beca-use  they  are  very  little  used.     Many  ta 


December  2,  1913 


P  0  W  E  E 


801 


also  omit  the  secant  and  eoseeaiit,  the  rem;iinina;  four — 
sine,  cosine,  tangent  and  cotangent — being  those  must 
frequently  used  in  calculations. 

It  is  evident  how  the  table  is  used  for  finding  the  func- 
tions of  any  angle  up  to  45  deg.  and  based  on  the  ex- 
planation just  given  of  the  relations  between  the  func- 
tions of  complementary  angles  the  table  from  45  to  90 
dt'g.  would  be  the  original  table  backward,  but  with  the 
column  headings  changed  to  the  co-functions.  The  table, 
llicrefore,  is  used  from  the  bottom  up  for  angles  between 
45  and  90  deg. 

The  Four  Quadrants 

All  angles  up  to  90  deg.  are  of  the  first  quadrant,  as  it 
is  called.  All  angles  from  90  to  180  deg.  are  of  the  second 
quadrant,  as  marked  in  Fig.  4;  all  from  180  to  370  deg. 
are  of  the  third  quadrant  and  all  from  270  to  360  deg. 
of  the  fourth  quadrant. 

The  sine  of  an  angle  extending  into  the  second  quad- 
rant as  FAJ  will  be  JK  which  is  the  same  as  the  sine 
of  the  angle  JAL.  In  other  words,  the  sine  of  any  angle, 
of  the  second  quadrant  is  the  same  as  the  sine 
of  an  angle  which  added  to  the  one  in  question  will 
equal  ISO  deg.  Such  an  angle  is  known  as  a  supplement 
cf  the  first.  Similarly  it  could  be  shown  that  all  the  func- 
tions of  any  angle  in  the  second  quadrant  are  equal  to 
the  functions  of  the  supplement  of  that  angle,  although 
certain  of  them  take  the  negative  sign.  The  tangent  of 
the  angle  FAJ  is  FM  and  is  negative.  The  sine,  cosine, 
tangent  and  cotangent  are  negative  if  the  lines  that  repre- 
sent them  are  opposite  in  direction  to  the  lines  that 
represent  the  corresponding  functions  of  an  angle  in  the 
first  quadrant.  The  secant  and  cosecant  are  negative  if 
tliey  are  ofiposite  in  direction  to  the  moving  radius.  The 
moving  radius  is  the  other  line  of  any  angle  as  dis- 
tinguished from  the  fixed  radius  AF. 

Continuing  now  to  analyze  the  signs  of  the  other  frtnc- 
tions  of  the  angle  FAJ,  the  cosine  is  AK  and,  according  to 
the  above  definition,  negative;  the  cotangent  is  IN,  also 
negative;  the  secant  is  AM  and  negative,  and  the  cosecant 
is  AN  and  positive. 

Similarly  the  third  and  fourth  quadrants  could  be  in- 
vestigated, but  angles  of  these  quadrants  (angles  greater 
than  180  deg.  and  known  as  reflex  angles)  are  seldom  used. 
It  is  sufficient  to  give  the  following  as  ways  to  determine, 
for  any  angle  what  lines  represent  the  functions  and 
whether  they  are  positive  or  negative. 

For  any  angle  the  lines  representing  the  functions  are: 

For  the  sine,  a  line  from  the  end  of  the  moving  radius 
perpendicular  to  the  horizontal  axis. 

For  the  cosine  that  part  of  the  horizontal  axis  inter- 
cepted between  the  center  of  the  circle  and  the  foot  of 
the  sine. 

For  the  tangent  the  line  perpendicular  to,  and  from  the 
extremity  of,  the  fixed  radius  to  the  moving  radius  pro- 
duced (or  extended). 

For  the  cotangent  the  line  perpendicular  to,  and  from 
the  end  of,  the  vertical  radius  dividing  the  first  and  sec- 
ond quadrant,  to  the  moving  radius  produced. 

For  the  secant,  the  line  from  the  center  of  the  circle 
''  along  the  moving  radius  produced  to  the  tangent. 

For  the  cosecant,  the  line  from  the  center  along  the 
moving  radius  produced  to  the  cotangent. 


For  angles  of  the  various  quadrants  the  signs  of  the 
functions  are : 

TABLE  II 

1st  Quad  2nd  Quad  3rd  Quad  4th  Qu.ld 

Sine  and  cosecant +  +  —  — 

Cosine  and  secant 4  —  —  + 

Tangenc  and  cotangent 4  —  +  — 

All  angles  of  the  first  quadrant,  i.e.,  all  angles  between 

0  and  90  deg.,  are  more  commonly  known  as  acute 
angles,  and  all  angles  of  the  second  quadrant,  i.e., 
angles  greater  than  90  deg.  and  less  than  180  deg_, 
as  obtuse  angles.  Angles  of  90  deg.  are  right  angles,  of 
180  deg.  straight  angles  and  all  angles  larger  than  180 
deg.,  as  before  mentioned,  are  reflex  angles. 

How  to  find  the  functions  for  acute  angles  from  Table 

1  has  already  been  explained.  To  find  the  functions  of 
any  obtuse  angle  subtract  the  number  of  degrees  in  the 
angle  from  180  deg.,  and  in  the  table  find  the  functions 
of  the  supplementary  acute  angle,  whose  number  of  de- 
grees is  the  difference.  The  signs  of  the  functions  may 
then  be  found  from  Table  II. 

Example:     To  find  the  cotangent  of  120  deg. 

ISd  _  120  =  60  deg. 
From  Table  I  the  cotangent  of  60  deg.  is  found  to  be 
0.5774  and,  as  shown  in  Table  II,  an  angle  in  the  second 
quadrant    takes    the    negative    sign,    for    the    cotangent, 
hence 

Cot  130  deg.  =  —0.5774 

Study  Questions 

6.  Having  found  the  functions  as  called  for  in  the 
first  question  (last  lesson),  find  the  angle  A  in  degrees 
from  the  table. 

7.  What  angle  does  the  guy  wire  of  a  steel  stack  make 
with  the  ground  if  the  wire  is  100  ft.  long  and  is  fast- 
ened to  the  stack  60  ft.  from  the  ground? 

8.  If  the  a  side  of  a  triangle  (Fig.  3,  Lesson  I)  is 
equal  to  twice  the  b  side,  what  is  the  angle  A  in  degrees? 

9.  If  the  angle  A  is  equal  to  30  deg.,  and  the  side  c 
is  equal  to  1,  what  are  the  other  sides  of  the  right  tri- 
angle? 

10.     Prove  that  the  sum  of  the  angles  of  a  right  tri- 
angle is  180  deg. 

Last  Lesson's  Answers 

1.  Sin  ^  =  I  =  0.6,  cos  A  =  ^  =  0.8,  fan  A  = 
f  =  0.75,  coi  A  =  i  =  1.3333,  sec  A  =  -j  =  1.25, 
rsi-  J  =  I  =  1.6666. 

3.     (,■  =  V  a''  -f  b-  =  V  242  X  143"2  =  145 
Sin  A  =  iVo  =  0-1 C55  =  also  cos  B 
because  the  side  adjacent  to  the  angle  B  is  opposite  the 
angle  A  (see  the  definitions  of  the  sine  and  cosine  at  the 
top  of  the  second  column  on  page  766). 

3.  The  tangent  of  the  amjlo  or  ?  =  0.8.  Then,  if  U 
=  160  ft.,  a  =  160  X  0.8  =  138  ft. 

4.  Hin  A  =  -  =  0.6,      cos  J  =  -  =  O.R.      If  r  =  240 

c  c 

ft.,  then-  =  ^-^   =   0.6,  r^  =  144  ft.  and  -  =  ^*  = 
c      240  c       240 

0.8,  Zi  =  193  ft. 

0.  The  cosine  being  equal  to  the  sine  of  the  comple- 
ment, cos  2.4  =  sin  (90  —  2^  )  but  sin  A  =  cos  2 A,  then 
sin  A  =  sin  (90  —  24)  and  .d  =  90  —  2 A,  3 A  =  90  or 
A  =  30  deg. 
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OVER  THE  SPILLWAY 

JUST     JESTS,      JABS,      JOSHES     AND     JUMBLES 


Down  in  Waycross,  Ga..  they  snatched  an  editor  from  liis 
sanctum  and  set  him  to  guiding  the  destinies  of  an  electric 
railway.  Good  for  you,  Mr.  Rhoads,  we  always  knew  that 
some  day  one  of  us  scribes  would  make  a  hit  with  the  public. 
As  Mr.  Rhoads  was  once  a  motorman  early  in  his  career,  this 
may  not  be  his  first  hit. 

One  Mellen,  formerly  in  the  New  Haven  road's  employ, 
predicts  that  ultimately  all  railroads  will  be  owned  by  the 
government.  Some  of  the  roads  will  be  right  glad  to  sell 
now — and  get  their  money  back. 

Accompanied  by  a  man  equipped  with  repair  apparatus, 
an  aviator  will  henceforth  patrol  a  Western  power  company's 
lines  looking  for  breakdowns.  He  will  make  two  trips  a 
week.      Whadcha    know    about    that! 

Does  Thomas  Lipton  really  believe  that  he  can  win  the 
America  Cup?  He's  challenged  again.  Suggest  his  next 
yacht  be  named  "Oolong,"  or  "Suchow,"  or  "Ceylon."  This 
would  fiT  The  case  To  a  "T."  Another  cup.  Gertie,  with  a 
little    less    sugar,    please. 

Are  we  to  have  a  world  city?  Our  state  department  has 
directed  the  diplomats  abroad  to  help  boost  a  $100,000,000- 
T\orld  city,  plans  for  which  have  been  designed  by  an  Ameri- 
can sculptor  living  in  Rome.  Possible  sites  suggested  are  the 
Jersey  coast.  The  Hague,  Rome,  Paris,  etc.  Every  nation  is 
to    cooperate,    but   which   will   get   it? 

Ought  to  do  better  than  this:  Philadelphia  folks  have 
named  a  new  organization  for  bringing  together  the  bosses 
and  the  educators.  The  Industrial  and  Technical  Education 
Congress  of  the  Public  Education  Association.  Think  of  try- 
ing to  put  "T.  T.  T.  E.  C.  P.  E.  A."  on  one  badge,  for,  of  course, 
they'll    have   a   badge? 

Wanted,  a  lady  policeman  and  a  male  stenographer  for 
Chicago;  this  is  according  to  that  city's  civil  servicers.  There 
is  no  insistence  that  the  copperess  shall  don  those  bifercated 
things  that  chiefly  distinguish  the  male,  or  that  the  male 
stenographer  cannot  carry  his  hanky  in  his  cuft  or  wear  a 
^vrist  watch.  Personally,  we  hope  the  lady's  first  arrest  will 
be  that  stenographer. 

"Did   ye   iver    have   a    bad    fall,    Doran?" 

"I  did,  Horan,  I've  fell  from  th'  state  of  grace,  I've  fell 
full  often  fer  th'  loikes  of  yez,  an'  oncet  I  fell  off  a  forty-foot 
ladder,  an' — " 

"An'  were  ye  hurted,   Doran?" 

"No  thanks  be!  I  had  th'  luck  to  fall  off  th'  first  rung  an' 
land    on    me    two    feet." 

(And    then    they    clinched!) 

Flow  of  Steam  in  Pipes* 

By  a.  E.  Bekggi;e-\ 

The  size  of  pijiiuff  for  the  transmissiou  of  high-pressure 
steam  has  come  to  be  of  special  ecoiiomic  importance  to 
the  consulting  engineer  in  the  design  of  steam  plants,  as 
he  must  not  allow  too  great  a  drop  in  pressure  -with  pipes 
too  small  to  carry  the  load  nor  must  he  allow  sizes  larger 
than  necessary  and  thereby  increase  excessively  the  first 
cost  of  the  installation.  Many  tests  of  piping,  both  in 
laboratories  and  in  actual  installations,  often  of  special 
construction,  have  been  made,  and  valuable  data  and 
formulas  proposed  for  the  flow  of  steam  through  pipes  of 
standard  dimensions,  but  existing  data  on  tests  of  long 
pipes  are  hard  to  find. 

During  the  summer  of  1911  a  series  of  runs  was  made 


on  the  2400-ft.  line  of  3-iii.  pipe  carrying  high-pressure 
steam  from  the  Capitol  Heating  and  Power  Station  to 
the  State  Capitol  in  Madison,  Wis.  This  is  one  of  sev- 
eral in  the  tunnel  connecting  the  station  and  the  capitol, 
and  all  the  curves  are  easy  bends  of  long  radius,  so  that 
the  pipe  may  be  regarded  as  straight  as  far  as  pressure 
losses  are  concerned.  It  is  of  standard  dimensions  with 
screwed,  smooth-face,  flanged  couplings,  anchored  about 
every  150  ft.,  with  .slip  expansion  joints  of  special  design 
at  each  anchor  station.  Throughout  its  length  the  pipe 
is  covered  with  2i/i  in.  of  85  per  cent,  magnesia,  with 
molded  forms  for  the  flanged  couplings.  There  is  a  dif- 
ference in  elevation  of  76  ft.  in  the  length  of  the  pipe, 
drainage  being  toward  the  .station.  Ordinary  tilt  traps 
are  emploj'ed  with  connection  to  drain  pockets  on  the 
under  side  of  the  special  anchor  tees  and  discharging  into 
a  separate  2i/^-in.  return  main  to  the  sump. 

The  series  of  runs  was  made  tip  of  two  condensation 
or  no-load  runs,  in  which  no  .steam  was  delivered,  and 
records  only  of  pressures  and  condensation  were  made; 
and  of  six  proportional  loads  itp  to  the  limit  of  the  1-in. 
take-off  pipe  at  the  upper  end.  which  was  connected  to  a 
surface  condenser. 

The  generally  accepted  formula  of  Babcock: 


n' 


a) 


\  /.  id  -h  3.(>) 

where 

IT'  =  Pounds  of  steam  delivered  per  minute; 

P  =  Drop  in  pressure  in  pounds  per  square  inch ; 

y  =  Density  of  steam  at  luean  absolute  pressure ;    ' 
d  =  Diameter  of  pipe  in  inches :  i 

L  =  Length  in  feet : 

A' =  Constant  dejieuding  on  friction; 
was  checked  and  for  the  particular  conditions  under  test 
was  simnlifii'd  to  the  following: 


II' 


lo'V  yP 


(^) 


This  form  was  found  to  apply  for  all  loads  within  reason- 
able limits,  excluding  very  light  and  extremely  heavy 
loads,  and  within  the  range  of  pressure  drop  of  1  to  4 
lb.  per  hundred  feet  of  pipe  as  allowed  in  current  prac- 
tice. 

To  apply  to  other  diameters  and  lengths  of  pipe,  that 
part  of  equation  (1)  must  be  included  which  is  a  func- 
tion of  the  diameter  and  length.  The  modified  formula 
for  the  steam  delivered,  as  derived  from  these  experi- 
ments, would  be 


)r=  70'^/?/P 


ri6 


•Prom   an  article  in  the  "Wisconsin  Engineer." 


\  L  {d  +  3.6) 
This  modified  formula  gives  the  weight  of  commercial- 
ly dry  steam  delivered  from  a  drained  pipe,  where  any 
condensation  due  to  radiation  is  taken  out  at  intervals. 
Babcock's  formula  gave  the  correct  value,  as  determined 
in  actual  experiment,  for  one  load  where  the  droji  in 
pressure  was  little  over  three-quarters  of  a  pound  per 
100  ft.,  but  gave  values  increa.singly  large  as  the  loads 
decreased,  and  values  decreasingly  small  as  the  actual 
load  increased  above  that  corresponding  to  this  drop.  It 
should  be  noted  also  that  in  the  modified  formula,  the  co- 
efficient remains  constant  throughout  the  ordinary  change 
of  load,  the  weight  of  delivered  steam,  or  the  diameter  tc 
be  calculated,  being  dependent  on  the  values  of  den.«itj' 
and  ]n'essure  drop. 
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Changing  from  Oil  Fuel  to  Coal 


By  F.  V.  Hi-n'ZKL* 


SYNOFt-^IS — Different  iiiefhoih  of  tiinnlling  coal  and 
ash  for  large  and  small  plants  irltli  sw/gestion.^  for  exist- 
ing install  ations. 

With  the  rise  in  the  price  of  fuel  oil,  niauy  power  houses 
in  the  Southwest  are  facing  the  })roblem  of  burning  coal 
instead  of  oil.  Heretofore  these  power  houses  favorably 
situated  near  the  oil  fields  of  Texas  and  Oklahoma  have 
obtained  their  oil  at  low  cost,  but  oil  jDrices  have  been 
goins  up  so  steadily  that  many  managers  have  come  to 


coal.  Moreover,  the  first  cost  of  a  trestle,  and  the  ex- 
pensive maintenance  of  a  wood  trestle,  generally  oifset 
what  may  appear  at  first  as  desirable  simplicity. 

For  a  hand-fired  boiler  plaart,  it  is  often  convenient  to 
store  coal  Just  outside  the  w^all  of  the  house,  and  let  the 
coal  flow  through  holes  in  the  wall  to  within  reach  of  the 
fireman.  This  may  suit  existing  plants  when  there  is  no 
room  for  overhead  storage.  In  such  cases  a  bulkhead  is 
built  parallel  to  the  wall  of  the  house,  and  the  intervening 
space  filled  by  a  chute  from  the  head  of  an  elevator.  Fig. 


Fig.  1.  When  Theee  Is  No  Room  for 
Overhead  Storage 

the  conclusion  that  it  will  pay  them  to  make  the  altera- 
tions in  their  boiler  houses  which  a  change  in  fuel  will 
make  ueeessaiy.  Boiler  settings  must  be  altered,  flues 
.and  stacks  made  larg-er,  and  provision  made  for  storing 
and  handling  coal  and  ashes.  After  the  simplicity  of  pip- 
ing oil  to  the  boiler  furnaces,  taking  care  of  coal  and 
getting  rid  of  ashes  is  a  disagreeable  necessity,  but  with 
the  wide-spread  use  of  conveying  machinery,  coal-  and 
ash-handling  equipments  for  boiler  houses  have  been 
brought  to  a  state  of  refinement,  and  managers  who  are 


END    ELEVATION 

Fig.  3.  A  Conveyor  Instead  op  the 
Elevator  of  Fig.  1 

1,  or  from  a  conveyor.  Fig.  2,  or  by  means  of  a  combina- 
tion of  elevator  and  conveyor,  Fig.  3.  The  machinery 
for  such  a  plant  is  simple  and  cheap,  and  the  cost  of  un- 
loading from  ears  and  delivering  to  bins  need  not  exceed 
2c.  a  ton.  For  every  100  tons  of  coal  burned,  there  does 
not  usually  result  more  than  10  tons  of  ashes.  For  a 
small  house,  it  does  not  pay  to  install  a  separate  con- 
veyor to  gather  ashes  from  in  front  of  the  boilers.  A 
wheelbarrow  or  a  hand  cart  is  usually  best.  An  ash  ele- 
vator and  a  storage  bin  are  often  used,  Pig.  5,  in  such 


Fig.  3.  A  Combination  Elkvator  and  Convkyoh 

facing  this-problem  will  find  that  such  appai-atus  can  be 
ada])ted  to  any  conditions  of  site,  or  size  of  Iwiler  house, 
pr  amount  of  storage. 

Assuming  that  there  is  a  railroad  siding  at  the  plant, 
,t  will  l)e  found  advisable  in  most  ca.ses  to  put  in  a  track 
[lopper  with  a  conveyor  or  an  elevator,  rather  than  build 
I  trestle,  and  dump  cars  on  it.  If  a  trestle  dump  is  used, 
he  coal  is  spread  over  a  considerable  length,  and  the  fire- 

an  has  to  do  more  wheeling  and  shoveling  to  get  his 

Chief  engineer  of  Link-Belt  Co..  Philadelphia  and  Chieafjo. 
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4.    Typical  Installation  of  Pivoted  Bucket 
Carrier 


plants :  the  ashes  are  stored  at  a  height  to  flow  by  gravity 
into  ears  or  carts,  and  as  they  are  handled  but  once,  there 
is  no  need  for  the  extra  labor  of  loading,  as  is  the  case 
where  ashes  are  piled  on  a  dumi>  until  the  time  comes  to 
take  them  away. 

Since  one  man  cannot  fire  more  than  500  hp.  of  boilers, 
under  normal  conditions,  it  becomes  necessary  in  larger 
plants  to  employ  more  firemen,  or  to  install  stokers  and 
a  gravity  supply  of  coal  from  overhead  storage.  It  may 
not  be  ])ossible  in  all  nliered  boiler  plants  to  install  over- 
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head  bins  and  spouts,  but  where  it  is  possible,  managers 
should  consider  not  only  the  first  cost  of  bins  and  con- 
veyors, but  also  the  fact  that  the  wages  of  common  labor 
are  increasing  each  year,  that  in  many  places  it  is  diffi- 
cult to  hire  men  for  the  hot  and  laborious  job  of  firing 
boilers  by  hand,  and  that  it  generally  pays  to  invest  $5000 
in  bins  and  conveyors  for  every  fireman  or  coal  passer 
whose  services  can  be  rendered  unnecessary. 


Fig.  .j.   An  Ash  Elkvator  and  Stoeage  Bin 

If  overhead  storage  is  decided  on,  the  bins  can  be  sep- 
arate for  each  boiler,  or  one  long  bin  can  be  used.  The 
latter  is  the  cheapest  way  to  get  a  large  amount  of  stor- 
age, particularly  if  the  bin  is  of  the  suspension  or  bag- 


FiG.  6.    Ax  Installation  Similar  to  That  of  Fig.  4 

liuttom  form.  The  bin  should  be  high  enough  to  permit 
boiler  tubes  to  be  cleaned  or  removed,  and  there  should 
be  room  enough  over  the  bin  to  put  in  the  coal  conveyor. 
The  bin  can  be  filled  l)y  a  separate  coal  conveyor,  but 
since  in  most  large  plants  the  problem  of  quickly  dispos- 
ing of  ashes  is  an  important  one,  a  convenient  way  is  to 
combine  the  coal  conveyor  and  the  ash  conveyor  in  one, 
and  use  a  machine  of  the  pivoted-bucket  type.  Figs.  4 
and  6  show  typical  installations  of  pivoted-bucket  car- 
riers. These  include  a  track-hopper  dump,  a  feeder  of 
some  kind,  a  crusher  and  the  carrier  taking  coal  from  the 
crusher  and  delivering  it  to  the  overhead  bins,  or  taking 


ashes  from  the  hoppers  under  the  boilers  and  delivering 
them  to  the  ash  storage  overhead.  If  there  is  no  base- 
ment for  the  lower  run  of  the  carrier,  or  if  hoppers  can- 
not be  built  under  the  boilers,  all  that  is  necessary  is  a 
trench  in  the  boiler-room  floor  to  receive  the  carrier. 
Aslies  are  then  raked  from  the  boiler  a.shpits  into  the 
lower  run  of  the  carrier. 

Pivoted-bucket  carriers  are  of  several  forms.  A  type 
quite  commonly  used  has  overlapping  lips,  see  Fig.  7, 
to  prevent  the  spill  of  material  between  the  buckets.  Cams 
or  strikers  on  the  ends  of  the  buckets  engage  a  dumper 
which  travels  along  the  top  run,  and  the  contents  of  each 
bucket  are  poured  out  at  any  point  desired. 

These  general  remarks  may  throw  some  light  on  the 
methods  to  be  adopted  in  installing  coal  and  ash  machin- 
ery in  boiler  houses  which  now  burn  oil.  Each  plant  will 
present  some  peculiarity  of  location  or  of  arrangement, 
which  will  call  for  particular  treatment  and  the  experi- 
ence of  engineers  trained  to  this  kind  of  work. 

The  Sturtevant  Air  Washer 

The  new  Sturtevant  air  washer.  Fig.  1,  which  has  been 
on  the  market  a  little  over  a  year,  is  of  the  rain-spray 
type,  with  horizontal  eliminators.  It  consists  of  three 
parts,  the  spray  chamber,  in  which  the  washing  actually 
occurs,  the  eliminators,  which  remove  all  entrained  mois- 
ture from  the  air  and  the  sump,  or  tank,  which  forms  the 
bottom  of  the  air  washer  and  into  which  falls  all  of  the 
air  from  the  syray  pipes  and  the  eliminators. 

Besides  these  parts,  there  is  a  recirculating  pump  for 
creating  a  circulation  of  water  in  the  spray  pipes.  When 
installed  in  a  ventilating  system,  the  arrangement  shown, 
in  Fig.  2  is  used.  The  air  enters  at  the  left,  passes 
through  a  tempering  coil  and  heater  into  the  air  washer 
and  from  thence  through  a  second  heater  into  the  fan. 
The  pump  and  water  piping  are  shown  and  a  portion  of 
the  casiug  is  broken  away,  showing  the  eliminators  of  the 
air  washer. 


Fiu.  7.    A  I'oini  OF  Pivoted  Bucket  Carrier 

The  type  of  nozzle  forming  the  spray  in  the  air  washer, 
which  is  made  by  the  B.  F.  Sturtevant  Co.,  Hyde  Park, 
Boston,  Mass.,  is  shown  in  Fig.  3.     Fig.  4  shows  bow' 
these  are  attached  to  the  spray  pipes.     The  design   'f 
these  nozzles  permits  of  a  large  orifice  which  prewui- 
elogging,   and  no  flushing  device  is  required  with  this  | 
type  of  nozzles.    The  water  issuing  from  the  orifice  under 
pressure  created  by  the  recirculating  pump  strikes  against 
a  lip  curved  over  this  orifice  and  is  broken  into  a  spray 
spreading  out  broadly,  due  to  the  shape  of  the  lip  and  thuf  , 
completely  filling  the  chamber.     The  water  falls  into  th( 
sump  below.     The  spray  chamber  is  constructed  of  gal 
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vaiii/.ed    steel    and    the    interior    is    painted    witii    black 
asphaitum. 

The  air  passing  through  this  rain-like  spray  is  cleansed 
of  dirt  and  impurity  and  finally  comes  in  contact  with 
the  eliminators,  whose  position  in  the  air  washer  can  be 
seen  in  Fig.  1,  and  whose  shape  and  construction  can  be 
seen  in  Pig.  5.    These  eliminators  are  placed  horizontally 


across  the  air  washer  and  form  between  them,  broken 
passages  through  which  the  air  must  pass  in  order  to  leave 
the  spray  chamber. 

The  surface  of  each  of  the  eliminators  is  perforated  in 
such  a  way  that  small  lips  of  metal  are  formed  and  that 
the  edge  of  each  eliminator  is  serrated.  The  air  laden 
with  moisture  strikes  against  the  edges  of  these  serrations 

and  i>erforations 
and  against  the 
edges  of  the  metal 
lips  where  the  en- 
trained moisture  is 
removed  so  that 
when  it  leaves  the 
eliminators,  the  air 
contains  no  un- 
evaporated  mois- 
ture. The  water 
dripping  from  these 
eliminators   further 
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Fig.  1.    Sturtevant  Air  Washer 


Fig.  5.    ]']Liiii.\Ar()i;  oh-  An;  Washer 


Pig.  2.  Air  Washer  Arranged  with  Tempering  Coil,  Heater  and  Fan 


increases  the  efficiency  of  the  washing  process  and 
drains  into  the  snnip  below.  Tlic  eliminators  are  con- 
structed of  galvanized  steel,  galvanized  after  being 
pimched  and  formed,  and  painted  with  black  asphaltum. 

The  sump,  which  may  be  constructed  of  galvanized 
iron  or  of  concrete,  is  a  tank  into  which  falls  the  water 
from  the  spray  chamber  and  eliminators.  It  is  provided 
witli  an  overflow  which  maintains  a  constant  level  of 
water  within  and  with  a  drain  and  strainer.  A  float  valve 
maintains  the  water  supply.  Tlie  water  is  drawn  from 
the  sump  )jy  a  small  centrifugal  pump,  shown  in  Fig.  2, 
and  is  delivered  by  this  pump  to  the  spray  pipes  under 
sufficient  head  to  create  the  desired  spray.  The  pump 
may  be  driven  by  electric  motor,  pulley,  belt,  steam  en- 
gine   or  steam  turbine. 

The  strainer  consists  of  two  concentric,  perforated 
cylindrical  screens  inclosed  at  the  ends  by  aluminum 
castings.  The  pump-suction  pipe  draws  the  water  within 
the  two  screens.  As  the  orifices  of  the  nozzles  are  com- 
paratively large,  the  mesh  of  the  strainer  is  not  so  fine 
that  excessive  power  is  required  to  drive  the  pump  and  as 
a  second  wire  strainer  in  the  washer  pipe  is  unnecessary, 
another  saving  in  power  for  the  pump  is  thereby  eff^eeted. 


The  Ohio  Society 

The  Ohio  Society  of  Mechanicil.  Electrical  and  Steam  En- 
gineers held  its  2Sth  meeting-  at  Columbus,  Nov.  20-22.  Thurs- 
day forenocn  the  arriving  members  gathered  at  the  Southern 
Hotel  for  registration,  and  in  the  afternoon  visited  the  Sea- 
grave  Co.,  makers  of  auto-truck  apparatus  for  fire  depart- 
ments, and  the  Buckeye  Steel  Castings  Co.,  while  the  ladies 
were  taken  about  the  city  in  automobiles.  On  Thursday  even- 
ing a  professional  session  was  held  at  the  auditorium  of  the 
Southern  Hotel,  at  which  Geo.  S.  Cooper,  mechanical  engineer, 
of  the  Buckeye  Engine  Co.,  of  Salem.  Ohio,  read  a  paper  upon 
"An  American  Locomobile,"  describing  the  first  American 
locomobile,     or     the    Buckeye-Mobile    manufactured     by    that 


by  Francis  G.  Caldwell,  professor  of  electrical  engineering  at 
the  university,  upon  the  "Quartz  Tube  Mercury  Vapor  Lamp." 
The  visitors  were  the  guests  of  the  local  committee  at  the 
Union,  the  University  Club  House,  at  luncheon  and  dinner.  In 
the  evening  a  professional  session  was  held  in  the  Physics 
Building,  at  which  papers  upon  "Accident  Prevention,"  by 
Fred  G.  Bennett,  head  of  the  Safety  Department  of  the  Buck- 
eye Steel  Castings  Co.;  "Recent  Developments  in  Electrical 
Transmission,"  by  Geo.  N.  Lemmon,  general  manager  of  the 
Transmission  Engineering  Co.,  of  Pittsburgh,  and  a  paper 
upon  "Carborundum,"  by  Chas.  Boultman,  of  the  Carborundum 
Co.,  -were  pi'esented.  Meantime,  the  ladies  attended  the 
theater.  On  Saturday  visits  were  made  to  the  Automatic 
Exchange  of  the  Citizens'  Telephone  Co.,  the  filter  works 
and    pumping    stations,    and    other    local    industries. 


NEW     PUBLICATIONS 


GAS  AND  FUEL  ANALYSIS  By  Alfred  H.  White.  Published 
by  McGraw-Hill  Book  Co.,  New  York,  1913.  Cloth,  5^x8 
in.;    276   pages,   47   illustrations,   tables.      Price,   $2   net. 

The  ever-spreading  tendency  to  control  industrial  proc- 
esses by  scientific  investigation  of  the  character  of  the  ma- 
terials handled  makes  this  volume  timely.  Gas  analysis  is 
a  uteful  method  of  controlling  the  operation  and  checking  the 
efficiency  of  boilers,  producers,  gas-making  plants,  etc.  To 
get  the  greatest  benefit,  the  analysis  must  be  as  nearly  ac- 
curate as  possible.  The  author  points  out  many  causes  of 
error  not  commonly  recognized  and  rarely  fully  appreciated. 
For  instance,  it  is  reasonably  well  known  that  plain  water 
has  ability  to  absorb  COa  but  it  is  not  well  known  that  the 
error  due  to  the  absorption  of  CO™  from  the  sample  of  flue 
gas  collected  over  water  may  amount  to  as  much  as  50  pn- 
cent,  of  the  COa  content  of  the  gas  if  the  water  is  not  satu- 
rated   with    the    gas    being    tested. 

The  book  contains  many  useful  hints  on  handling  the  ap- 
paratus required.  To  illustrate,  it  is  pointed  out  that  the 
stop  cock  of  a  gas  burette,  a  source  of  frequent  error  and 
trouble,  should  be  kept  clean  and  well  lubricated.  The 
author  states  that  vaseline,  commonly  employed,  is  inferior, 
and  favors  anhydrous  lanolin.  Rubber  connections  cannot 
be  relied  upon  to  remain  gas-tight  for  long  periods  of  time, 
and  it  is  recommended  that  aU  such  connections  be  rein- 
forced by  soft  copper  wire  wrapped  once  around  the  connec- 
tion and   clinched. 

Both  absorption  and  explosion  and  combustion  methods  of 
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determining  the  content  of  hydrogen,  methane,  ethane  and 
carbon  monoxide  are  discussed.  The  chapter  on  the  absorp- 
tion reagents  employed  is  valuable,  because  it  points  out 
their  limitations. 

In  the  chapter  on  gas  calorimetry  the  available  methods 
and  types  of  apparatus  are  discussed  and  considerable  space 
is  given  to  the  design  and  operation  of  Junker's  continuous- 
flow  calorimeter.  In  another  section  gas  photometry  in  con- 
siderable detail  '.»  taken  up;  several  types  of  photometers  .n  le 
described  and  the  methods  of  procedure  fully  explained.  i^'V- 
arate  chapters  deal  with  estimating  suspended  particles  in 
gas,  chimney-  or  flue-gas  analysis,  producer-gas  and  illum- 
inating-   and    natural-gas   analysis. 

The  chapter  on  liquid  fuel  takes  up  the  usual  tests  ap- 
plied, such  as  for  heat  value,  specific  gravity,  moisture,  sus- 
pended  solids  and   flasi!   point. 


company  and  described  in  "Power"  for  May  20,  1913.  The  por- 
tions of  the  paper  other  than  the  descriptive  will  be  repro- 
duced in  an  early  issue.  Remarks  were  made  by  Mr.  Bassell. 
of  the  Columbus  Publicity  Association,  and  Mr.  McMean,  presi- 
dent of  the  street  railway.  Friday  was  spent  at  the  Ohio 
State  University,  where,  in  Townsend  Hall,  a  meeting  of  the 
council  was  called  for  9  a.m.,  followed  by  a  business  meeting 
of  the  society,  at  which  AA'.  C.  McCracken,  chief  engineer  of 
the  Ohio  State  University,  was  elected  president;  W.  L.  Brown, 
of  Toledo,  vice-president,  and  Geo.  S.  Cooper,  of  Salem,  Ohio, 
and  Dan  Delaney,  of  Cincinnati,  managers  for  the  ensuing 
year.  Following  the  business  meeting  a  paper  upon  "Steam 
Flow  Meters"  was  presented  by  Irving  B.  Terry,  of  the  Cin- 
cinnati  office  of  the   General   Electric   Co. 

The  afternoon  was  devoted  to  an  inspection  of  the  engineer- 
ing laboratories  and  plants   of  the   university,   with  a  lecture 
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The  saniiiling.  analyzing  and  testing  for  heat  value  of 
coal  is  ti-eated  in  three  chapters  or  G6  pages.  Interesting 
data  are  given  relative  to  the  possibility  of  error  due  to 
sampling.  One  illustration  of  possible  error  even  with  what 
many  would  consider  adequate  care  is  particularly  interest- 
ing. A  lot  of  three  tons  of  run-of-mine  coal  was  moved  in 
wheelbarrows. 

As  each  barrow  was  filled  a  shovelful  of  coal  was  put 
into  eacli  of  IG  sampling  barrels.  After  the  coal  was  moved, 
the  barrels  each  contained  about  125  lb.  of  coal.  These 
samples  were  crushed  and  sampled  carefully  and  the  ash 
in  each  determined.  Only  two  of  the  samples  exactly  agreed 
while  two  disagreed  by  4.4S  per  cent.  In  one  case  the  ash 
content  was  shown  as  9.46  per  cent,  and  in  the  other  13.92 
per  cent.:  the  average  for  all  16  analyses  was  10.68  per  cent. 
The  possibility  of  error  induced  by  the  presence  of  lumps  of 
slate  in  the  coal  and  the  influence  of  size  are  also  strikingly 
brought  out.  The  chapters  on  coal  analysis  and  heat  value 
go  into  considerable  detail  and  several  types  of  calorimeters 
are    discussed. 

This  is  the  most  complete  and  exact  modern  treatise  on 
the  subjects  embraced  that  has  come  to  the  notice  of  the  re- 
viewer. The  book  shows  that  the  author  is  thoroughly 
familiar  with  the  work  in  both  its  academic  and  practical 
phases  and  hence  will  be  found  of  service  in  commercial  as 
well   as   scientific   practice. 

HANDBOOK  FOR  HEATING  AND  VENTILATING  ENGI- 
NEERS. By  James  D.  Hoffman.  Published  by  McGraw- 
Hill  Book  Co.,  New  York  City.  1913.  Flexible  leather 
cover;  402  pages,  4Vix7  in.;  157  illustrations;  tables. 
Price,  $3.50,  net. 
This  is  the  second  edition  of  a  handbook  which  covers 
the  entire  field  of  heating  and  ventilation,  with  two  chapters  on 
refrigeration.  The  first  edition  appeared  in  1910.  For  the 
present  edition  all  the  material  has  been  revised  to  bring  it 
up  to  date.  The  work  on  air  conditioning  has  been  amplified. 
Descriptions  of  hot-water  and  steam  heating  have  been  im- 
proved by  diagrams  of  the  various  piping  systems.  Two  cliap- 
ters  have  been  added  on  refrigeration,  and  also  a  number  of 
useful  tables  in  the  appendices.  The  first  chapters  of  the 
book  deal  with  elementary  considerations,  such  as  the  meas- 
urement of  heat  and  temperatures,  composition  of  air,  humid- 
ity, measurement  of  air  velocity,  etc.  This  is  followed  by  a 
chapter  on  heat  losses  from  buildings,  and  methods  of  esti- 
mating the  radiating-  surface  required.  The  information  given 
in  this  chapter  is  excellent,  as  the  computations  for  boti, 
steam  and  hot-water  systems,  are  treated  in  the  same  way. 
In  the  days  of  vapor  systems  operating  on  low  temperature 
steam  It  is  illogical  and  incorrect  to  assume  that  steam  sys- 
tems require  any  more  or  less  radiation  than  hot-water  sys- 
tems when  operated  under  like  average  temperature  condi- 
tions. Considerable  space  is  given  to  hot-air  furnaces,  which 
should  be  appreciated  by  those  engaged  in  that  line  of  work. 
There  seems  to  be  the  same  doubt  and  confusion  as  to  re- 
quirements of  heating  surface  for  the  hot-air  furnace,  as 
occurs  in  the  cast-iron  boiler  trade.  The  book  is  lacking  in 
definite  data  on  both  furnaces  and  heating  boilers  outside  of 
the  general  ratios  of  grate  to  heating  surface.  This  informa- 
tion does  not  appear,  however,  in  any  of  the  current  literature 
on  the  subject,  and  is  very  probably  a  reflection  of  the  atti- 
tude of  the  boiler  manufacturer  in  not  giving  this  important 
Item  in  his  catalog.  Along  this  line  attention  is  called  to 
results  of  a  test  on  an  American  Radiator  Co.'s  boiler  given 
in  the  second  appendix  of  the  boolc.  The  data  may  perhaps 
shed  some  light  on  how  some  of  the  catalog  ratings  are  ob- 
tained. In  a  boiler  containing  300  sq.ft.  of  heating  surface  an 
evaporation  of  5.6  lb.  per  sq.ft.  of  surface  per  hr.  was  given. 
Assuming  that  this  evaporation  is  from  and  at  212  deg.  F..  it 
would  require  only  6.12  sq.ft.  of  surface  per  horsepower,  as 
jcompared  to  10  sq.ft.  for  the  best  power  boilers.  This  would 
make  the  evaporation  per  square  foot  for  a  power  boiler  3.45 
as  compared  to  the  5.6  lb.  given  above.  Ordinarily  the 
pfliciency  of  a  power  boiler  should  be  higher  than  that  of  a 
bast-iron  boiler,  and  especially  when  the  stack  temperature 
f  the  latter  reaches  725  deg.,  which  was  the  figure  given  in 
the  test. 

Tlie  various  systems  of  hot-water  and  steam  heating,  me- 
hanical  warm-air  heating  and  district  heating,  are  given  ex- 
ended  attention.  This  is  followed  by  a  chapter  on  tempera- 
ure  control,  a  chapter  on  electric  heating,  two  chapters  on 
efrigeration,  a  chapter  dealing  with  specifications,  and  two 
.ppendices  giving  a  number  of  valuable  tables  and  diagrams. 
?he  chapter  devoted  to  district  heating,  although  possibly 
eflecting  past  practice  in  the  West,  is  rather  misleading  in 
ome  respects  as  to  the  possibilities  of  central  heating  by 
ot  water.  It  is  stated  that  "With  perfected  apparatus  for 
jemoving  oil,  the  commingler  will  no  doubt  supersede  to  a 
egree  the  tube  reheaters  in  hot-water  heating."  On  the  next 
age  it  is  stated  that  the  pressure  in  the  radiators  is  greater 
n    water    systems    than    on    steam    systems,    especially   when 


connected  to  high  buildings.  The  use  of  a  commingler  pre- 
cludes any  very  high  building  heating,  due  to  the  fact  that 
there  is  an  open  circuit,  and  all  water  has  to  be  pumped 
against  the  total  static  head  and  friction  head  of  the  piping, 
which  is,  of  course,  very  uneconomical.  In  a  diagram  show 
ing  the  power-plant  layout  in  connection  with  a  hot-water 
heating  system,  piston  pumps  are  shown,  although  they  have 
been  discarded  by  all  modern  engineers  for  this  class  of  work, 
and  with  a  live-steam  heater  it  is  unnecessary  to  have  any 
of  the  boilers  arranged  tor  water  circulation  as  shown  in  the 
illustration. 

In  the  tabular  matter  Peabody's  tables  giving  properties 
of  steam  have  been  used  rather  than  the  tables  of  Marks  & 
Davis,  which  have  now  been  more  generally  accepted  as  stand- 
ard. The  properties  have  not  been  given  below  1  lb.  abs.. 
although  in  air  conditioning  they  are  needed  down  to  32  deg. 
F.  Wood's  tables  giving  the  properties  of  ammonia  have  also 
been  used  rather  than  the  later,  and  more  accurate  data 
brought  out  by  H.  J.  Maclntire,  or  the  tables  of  G.  A.  Good- 
enough  and  William  E.  Moshei-.  published  in  a  bulletin  of  the 
University  of  Illinois  Engineering  Experiment  Station. 

As  a  whole,  the  book  is  excellent  and  admirably  adapted 
for  reference  or  to  supplement  more  specialized  works.  At 
the  end  of  each  chapter  references  to  technical  books  and 
periodicals  are  given,  which  alone  are  worth  the  price  of  the 
book,  and  with  every  copy  a  pamphlet  is  included  containing 
suggestions  and  problems  for  a  course  of  instruction  in  tech- 
nical schools.  The  latter  feature  should  be  appreciated  by 
the  instructor,  and  of  value  to  the  practical  man  or  student, 
as  answering  the  numerous  questions  given  will  test  their 
knowledge  of  the  subject  and  indicate  their  deficiencies. 


Space  Oec-iipied  by  Water-Tulie  Iloilt-rs  is  the  title  of  an 
interesting  pamphlet  which  has  recently  been  issued  for  gen- 
eral distribution  by  the  Heine  Safety  Boiler  Co.,  of  St.  Louis. 
This  publication  is  a  reprint  of  a  paper  read  last  April  by 
C.  R.  D.  Meier,  general  sales  manager  of  the  company,  before 
the  Associated  Engineering  Societies  in  St.  Louis.  The  paper 
considers  the  influence  of  tube  size  and  arrangement,  gives 
the  dimensions  of  seven  water-tube  boilers  of  the  same  rated 
capacity,  the  comparative  floor  space  required  for  a  typical 
Installation  cf  eight  boilers  of  the  various  types,  discusses 
the  money  value  of  floor  space  and  head  room  and  finally  the 
total  saving  per  boiler  horsepower  from  the  standpoint  of  fioor 
space  and  head  room  saved. 


Class  in   Heating  and  Ventilation 

.V  class  in  the  science  and  practice  of  heating  and  ventila- 
tion will  meet  Monday  evening  of  each  week  at  7:30  o'clock, 
in  Room  511,  World  Building,  New  York,  and  the  course  will 
be  under  the  direction  of  a  competent  heating  and  ventilating 
engineer,  who  is  engaged  in  the  design  and  installation  oJ 
systems  for  all  classes  of  buildings,  and  is  well  fitted  to  offer 
the  best  instruction  in  the  most  recent  practice.  The  course 
will  consist  of  22  lectures  covering  the  subjects  of  heating 
and  ventilating,  with  special  reftrence  to  such  topics  as  puri- 
fication of  air;  types  of  heating  systems;  computation  of  heat- 
ing surfaces;  pipe  sizes;  ducts;  fans:  radiating  surfaces,  etc. 
The  fee  for  the  complete  course  will  be  $10,  payable  in  ad- 
vance. 

The  first  meeting  was  held  on  Dec.  1,  at  7:30  p.m.,  to 
organize  regular  classes,  and  the  lectures  started  the  follow- 
ing Monday  evening. 


Power  Companies  at  Sault  Ste.  Marie,  the  Michigan  &  Lake 
Superior  Power  Company  and  the  Algoma  Steel  Corporation, 
were  given  hearings  on  Oct.  7  by  the  International  Joint 
Commisions,  on  their  applications  to  be  allowed  to  divert 
water  at  Sault  Ste.  Marie  by  an  international  dam. 


A  PiMver  Plant  at  (irent  Falls,  in  the  Potomac  River  near 
Washington,  is  to  be  built  if  Congress  is  favorable  to  a 
recommendation  to  be  made  to  it  by  the  Commissioners  of 
the  District  of  Columbia.  The  commissioners  have  included 
in  the  District  appropriation  bill  an  item  of  $3,000,000  to  pro- 
vide for  the  purchase  of  the  falls  and  the  beginning  of  the 
work,  the  total  cost  of  which,  it  is  estimated,  would  be 
$15,000,000. 


A  rubber  belt  700  ft.  long,  2  ft.  wide,  and  tipping  the  scales 
at  5140  lb.,  was  recently  made  by  the  Goodyear  Tire  Rubber 
Co.  Akron,  Ohio.  It  is  to  be  used  as  a  conveyor  belt.  When 
made  into  a  roll  it  made  a  diameter  greater  than  the  height 
of  an  average  size  man. 
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Life  of  Isolated  Plants 

At  the  meeting  of  the  New  York  Society  of  Architects. 
Nov.  18,  at  the  Engineering  Societies  Building,  New  Yorlc 
City,  Charles  M.  Ripley,  with  the  firm  of  Pattison  Brothers, 
consulting  engineers,  gave  a  talk  on  "The  Life  of  Private 
Electric  Plants  and  Are  They  Popular?"  Investigating  a  list 
of  about  150  of  the  large  buildings  in  New  York,  selected  im- 
partially from  a  tax  list,  it  was  found  that,  as  measured  by 
assessed  valuation,  78  per  cent,  furnish  their  own  current. 
These  buildings  were  of  all  kinds,  including  office  buildings, 
apartments,  hotels,  theaters,  railroad  stations,  clubs,  etc.  Nat- 
urally among  such  buildings  as  hotels  and  railroad  stations 
where  the  hours  of  service  are  most  continuous  the  per- 
centage of  private  plants  is  high,  while  nearly  all  theaters 
and  other  places  having  need  of  current  for  relatively  few 
hours  in   the   twenty-four,   purchase   it. 

The  remainder  of  the  talk,  dealing  with  the  life  of  plants 
covered  two  divisions,  one  a  search  and  the  other  an  investi- 
gation. The  search  was  for  the  oldest  plants  in  New  York 
City  still  operating.  The  oldest  located  was  that  in  the  Mills 
Building,  which  has  been  in  operation  32  years.  Others 
ranged  from  this  length  of  life  down.  As  it  was  impossible 
to  tell  how  many  plants  had  gone  out  of  existence  in  this 
time,  it  was  believed  unfair  to  draw  conclusions  as  to  the 
life  of  plants  from  the  survivors,  these  being  possibly  the 
exceptions.  The  investigation,  therefore,  covered  all  the 
plants  installed  by  the  one  firm  of  engineers  to  whose  rec- 
ords the  speaker  had  access,  and  extended  back  over  twenty- 
three  years.  None  of  the  plants  designed  by  this  office  are 
dead.  All  but  two  are  still  operated  and  the  two  exceptions 
are  not  dismantled,  but  are  retired  for  the  present. 

To  draw  conclusions  as  to  proper  rates  of  depreciation  the 
speaker  had  asked  Edward  M.  Hyams,  president  of  the  Certi- 
fied Audit  Co.  of  America  to  give  him  the  number  of  years  re- 
quired for  a  sinking  fund  to  equal  the  original  investment; 
the  sinking  fund  to  earn  41/-  per  cent,  interest,  compounded 
annually. 

This    was    given    as    in    the    following    table: 


Depreciation  charged 
oft  annually 

1% 

2 

2V4 

3 

3V4 

4 

4% 


Y'ears   required  to  refund 

investment 

Between   31   and   32   yr. 

26   and   27   yr. 

23  and   24   yr. 

20   and   21   vr. 

IS   and   19   yr. 

17   and    IS  yr. 

15   and   16  yr. 

14   and   15   yr. 

From  this  the  following  was  figured: 

SUMMARY    OF    PROBABILITIES 

34  plants  designed  before   1900.   5'/r    depreciation   too  much. 

29  plants  designed  before  1S9S-9.  4%%   depreciation  too  much. 

17  plants  designed   before   1S97,   4%   depreciation   too   much. 

15  plants  designed   before  1S95-6,  3%%   depreciation  too  much. 

4  plants   designed    before    1S93-4,    3%    depreciation    too    much. 

1  plant   (N.  Y.  "Herald")    3%    (may  or  may  not  be)   too  much. 

SUMMARY   OP  POSSIBILITIES 

Plants   installed    between    1883-1900 

16    show    less    than    3    per    cent,    depreciation. 

12   show   less   than    2H    P«'i'   cent,    depreciation. 

4   show    less    than    2    per    cent,    depreciation. 

1  show  less  -.ban  1V4    per  cent,   depreciation. 


Cover  of  Receiving  Tank  Injures  Two 

Excessive  pressure  in  a  large  exhaust  steam  receiver  used 
to  distribute  steam  for  heating  the  building  of  the  Fremont 
(Ohio)  Furniture  Co.,  blew  off  the  handhole  cover.  It  divided 
i  ito  a  number  of  small  pieces,  some  of  which  hit  the  engineer 
i.i  the  face  and  cut  his  cheek  and  chin.  An  employee  of  the 
j.lant  received  the  full  force  of  the  escaping  steam  and  was 
badly  scalded  on  the  face,  neck  and  left  arm.  Both  were 
removed  to  their  homes  and  will  be  confined  for  some  time. 


New  Haven  A.  S.  M.  E.  Meeting 

The  New  Haven  local  meeting  of  the  American  Society  of 
Mechanical  Engineers  was  held  in  the  Mason  Laboratory  of 
the  Sheffield  Scientific  School,  Yale  University,  Friday,  Nov. 
21,  1913.  At  the  afternoon  session  the  general  topic  was  "Co- 
operative Industrial  Research."  E.  S.  Cooley,  supervisor  of 
power  plants  of  the  New  York,  New  Haven  &  Hartford  R.R., 
the  Connecticut  Co.,  and  the  Housatonic  Power  Co..  and  chair- 
man of  the  local  committee  on   meetings,  presided. 

The  subject  was  introduced  by  Dr.  L.  P.  Breckenridge. 
professor  of  mechanical  engineering  at  the  Sheffield  Scientific 


School,  by  outlining  the  relations  of  this  school  to  Con- 
necticut manufacturers  and  others  in  the  carrying  out  of 
industrial  research.  O.  P.  Hood,  chief  mechanical  engineer 
of  the  United  States  Bureau  of  Mines,  followed  with  an  ex- 
planation of  the  research  work  of  the  bureau  and  W.  K. 
Shepard,  representing  the  Engineering  Experiment  Station 
of  the  University  of  Illinois,  read  a  paper  on  "Cooperation  of 
State   and    University    for   Industrial    Research." 

In  the  interval  between  the  afternoon  and  evening  ses- 
sions and  again  after  the  evening  session  opportunity  was 
afforded  to  witness  demonstrations  in  the  laboratory  of  oxy- 
acetylene  cutting  and  welding  by  Henry  Cave,  president  of 
the  Autogenous  Welding  Equipment  Co.,  Springfield,  Mass., 
the  new  automobile-testing  apparatus  in  the  laboratory  and 
recent  types  of  pneumatic   tools. 

At  the  evening  session  an  address  was  made  by  Calvin 
W.  Rice,  secretary  of  the  American  Society  of  Mechanical 
Engineers,  in  the  course  of  which  he  announced  some  of 
the  special  features  of  the  annual  meeting  of  the  society  to 
be  held  in  New  York  City,  Dec.  2-5,  and  referred  to  the 
growth    of    the    society    in    recent    years. 

The  papers  which  followed  included  one  on  tests  of  safety 
devices  used  in  connection  with  grinding  wheels,  by  R.  G. 
Williams,  of  the  Norton  Co.,  Worcester.  Mass.;  an  analysis  of 
the  difference  in  conditions  here  and  abroad  as  affecting  the 
protection  of  life  and  limb  of  the  people  and  the  taking  of 
precautions  for  safety  by  Dr.  A.  D.  Risteen,  of  the  Travelers' 
Insurance  Co.,  Hartford.  Conn.;  and  one  on  the  manufacture 
of  brass,  comparing  practice  in  Austria,  Germany,  France, 
England  and  the  United  States,  by  W.  B.  Edwards,  of  An- 
sonia.  Conn. 

Two  other  papers  scheduled  for  the  meeting  had  to  be 
omitted  on  account  of  shortness  of  time.  One  of  these  dealt 
with  experiments  with  residence-heating  boilers  by  D.  B. 
Prentice,  of  the  Mechanical  Engineering  Department  of  the 
Sheffield  Scientific  School,  and  the  other  with  motor-car  test- 
ing by  E.  H.  Lockwood,  assistant  professor  of  mechanical 
engineering   at    Sheffield. 

At  the  evening  session,  which  was  the  Ir.rger  of  the  two, 
there  were  about  250  persons  present. 


At  the  semimonthly  meeting  of  the  Detroit  Enginering 
Society,  on  Dec.  5,  James  V.  Oxtobyon  will  read  a  paper  on 
"The  Relations  of  the  Engineer  to  the  Law."  On  Dec.  19.  the 
society   will   discuss   a   ne^v   constitution. 

On  Wednesday  evening.  Nov.  19,  the  Chicago  section  of 
the  American  Society  of  Mechanical  Engineers  held  the  first 
of  a  series  of  informal  dinner-discussions  planned  for  the 
1913-1914  season,  in  the  Crystal  room  of  the  Sherman  Hotel. 
The  topic  was  "The  Steel  Industry,"  the  discussion  being  led 
by  W.  A.  Field,  general  superintendent  of  South  Works  of  the 
Illinois  Steel  Co.  Over  150  members  and  guests  sat  down 
to  the  dinner  at  6:30  o'clock.  The  occasion  was  distinguished 
by  the  presence  of  President  W.  F.  M.  Goss,  Past-presidents 
R.  A;\'.  Hunt  and  Ambrose  Swasey.  Among  the  other  speak- 
ers were  Edward  McKim  Hagar  and  H.  J.  K.  Freyn. 
r.  Bird  presided. 


aul 
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PERvSONALS 


Jolin  Thompson,  formerly  chief  engineer  for  the  State  Nor- 
mal School.  Trenton,  N.  J.,  has  been  appointed  chief  engineer 
for  the  new  City  Hospital,  in  Newark,  N.  J.  Mr.  Thompson 
lias  already  assumed  his  new  duties- 
William  A.  Vreeland,  of  Newark.  N.  J.,  formerly  chief  en- 
gineer of  the  L.  Bamberger  Co.  department  store,  Newark, I 
has  been  appointed  inspector  for  the  Passaic  Valley  Seweragf 
Commission.  Mr,  Vreeland  will  have  charge  of  all  mechanical- 
equipment  and  buildings  connected  with  the  pumping  anc 
disposal  of  sewage  carried  by  the  large  trunk  sewer. 

C.  L.  Newcomb,  Jr.,  will  succeed  G.  B.  Turner  as  Westerr 
representative  of  the  Goulds  Manufacturing  Co.,  Seneca  Falls 
N.  Y.,  with  headquarters  at  12  Chamber  of  Commerce,  Den 
ver,  Colo.  Mr.  Newcomb  will  look  after  the  company's  In 
terests  in  the  Rocky  Mountains  and  Northwestern  territories 
He  has  had  several  years'  experience  in  the  pump  busines 
and   is   well   known   in   the   territory   he   will   travel. 
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Tropical  Feed- Water  Filter  Plant 


Hv  ('.  ('AiM/id.v  Si:mi'i,1': 


SYNOPSIS — Description'  of  a  feed-water  filter  /iltiiil  in 
the  tropics,  made  necessary  by  tlie  decomposition  of  roclc 
mill  organic  matter  from  decaying  vegetation.  Tlie  filter 
,  oNsisled  of  lliree  tanks  in  whicti  suitable  filtering  uia- 
1 1' rill  I  irns  placed. 

One  ol'  the  perplexing  problems  to  be  solved  iu  steiuii 
jiower-plaiit  practice  in  the  tropical  lowlauds  is  that  ol 
olitaining  a  sufficient  supply  of  clean  water  for  tlie  boil- 
(>rs.  The  solution,  however,  is  generally  simple  (Jiice  the 
underlying  principles  are  fully  comprehended. 

In  most  tropical  regions,  at  low  elevations,  the  rain- 
fall is  heavy,  exceeding  120  in.  per  annum,  and  while 
it  frequently  rains  more  or  less  during  eiglit  or  nine 
months  of  the  year,  by  far  the  greater  part  falls  in  foui' 
or  five  montlis,  usually  in  downpours  of  only  a  few  hours' 
duration.  Immediately  after  such  heavy  rains  the  rivers 
become  flooded.  Tlie  densely  wooded,  almost  im- 
])cnetrable  jungle,  would  seem  to  be  capable  of  holding 


'l'!ir  lir>t  tiiijig  to  b(!  ascertained  \vas  the  nature  of  th 
scale,  which  was  made  up  ><['  alternate  bajids  of  dilferei, 
thicknesses  of  red  and  white  nnitcrial.  The  red  materia 
Avas  granular,  the  while  i(ini]iaet  and  both  very  hard,  j 
test  with  hot  ami  edlij  sirong  hydrochloric  aeid  failed  t 
show  effervescence,  wliieli  would  have  indicated  the  prei 
enee  of  carbonates,  probably  of  inagnesia  and  lime.  Tl: 
glasses  in  which  these  tests  were  made  wore  left  standin 
over  night,  and  the  next  morning  the  scale  was  fonml  t 
have  dissolved  in  the  acid  and  to  have  formed  a  heav 
gelatinous  mass,  indicating  that  the  scale  was  made  u 
chiefly  of  a  certain  class  of  minerals  held  in  suspensid 
and  not  of  salts  in  solution  in  the  water. 

This  simple  test  indicated  that  the  renu'dv  and  il: 
preventive  for  the  trouble  consisted  in  removing  the  bar 
scale  already  in  the  boiler  and  eliminating  the  fine  nii 
terial  from  the  feed-water  supply.  The  scale  was  entirel 
too  bard  to  be  removed  by  any  scra])ing  or  punching  too' 
that   could    be   opei'ated    through   the   handholes,   and   t 


Fig.   ].    FKKn-WATKT?   Filtkk  Ta.vks 


Fi(i.  2.   HArr.iX(;  Fli:i.   in  rui;  r.(iii.i;i;  House 


this  water  for  a  long  time,  but  the  soil,  consisting  often 
of  the  clayey  products  of  rock  decomposition,  retains 
moisture  practically  to  the  degree  of  saturation  at  all 
times,  and  the  sun  never  reaches  the  ground  to  hasten 
<'\aporation.  It  is  the  slow  seepage  of  water  through  the 
clayey  soil  that  supplies  the  rivers  with  the  water  which 
flows  through  them  at  times  of  low  water  level. 

It  is  the  slow  seepage  water  that  is  temporarily  retained 
in  the  soil  and  not  the  rapidly  drained  flood  Avaters  that 
the  engineer  ha.s  to  rely  u])on  for  boiler  feed.  This  water 
remaining  in  long  contact  with  tlie  decomposed  rock  of 
which  the  soil  consi.sts,  bcomes  impregnated  with  soluble 
salts,  and  becomes  surcharged  with  organic  matter  from 
<lecaying  vegetation.  It  also  takes  u]>  minute  particles 
of  rock  material.  Foi'  these  reasons  boiler-scale  troubkv 
are  apt  to  be  ex])erienced  whether  or  not  there  be  lime- 
stone in  the  vicinity. 

A  case  in  point  was  experienced  liy  the  writer  at  a  mine 
power  plant  in  iSTicaragua,  when  upon  taking  charge  he 
found  that  a  30-hp.  locomotive-type  boiler  which  was 
supposed  to  be  capable  of  genera'  ing  enough  steam  to 
operate  all  the  machinery  in  the  K)0-ton  mill,  could  not 
supply  steam  enough  to  keep  m^.-e  than  half  the  niaehin- 
cry  going  at  full  speed. 


have  taken  out  the  tubes  would  have  delayed  operatic 
for  six  weeks,  causing  a  loss  in  production  of  $(ii)00  i 
gold,  because  no  extra  tubes  Avere  on  hand  and  a  ne' 
"^et  would  have  had  to  be  ordered  from  Xew  Orleans. 

Several  commercial  brands  of  boiler  compounds  ha 
])reviously  been  tried  Avith  indifferent  success.  After  a.' 
certaining  the  so\;rce  of  the  ti'ouble  the  boiler  was  tille 
to  a  point  a  fcAV  inches  above  the  top  row  of  tubes  Avif 
Avaler  after  about  one  gallon  of  kerosene  had  been  ])our6 
in  through  one  of  the  handholes.  The  boiler  was  thd 
fired  up  and  a  pressure  of  only  30  11).  maintained,  whi; 
no  attempt  Avas  made  to  run  the  plant.  The  bloAvoff'  afsj 
opened  for  a  short  period  every  three  hours  ami  the  Avati 
level  ret'stablisbed.  After  three  days  the  fire  Avas  d 
and  all  the  scale  that  had  loosened  Avas  removed. 

After  a  second  treatment  tlr.^  boiler  Avas  placed  in  reg 
lar  use  and  every  morning  one-half  pint  of  kerosene  av 
added  to  the  feed  water.  For  the  first  six  Aveeks  the  fi 
was  draAvn  every  week  and  the  loosened  scale  removed, 
few  weeks  after  this  treatment  had  been  started  it  a\ 
possible  to  run  all  c;f  the  machinery  part  of  the  time  a 
half  of  it  all  the  time  at  full  speed.  After  two  mont 
all  of  the  machinery  could  be  kept  running  all  tlie  ti 
at  good  speed.     After  seA'en  months  a  larger  SO-lqi. 
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turu-tulnilar  boiler  was  ready  to  be  put  in  eommisf^ion. 
The  small  boiler  was  then  retubed,  and  it  wa!^  found  thai 
practically  all  of  the  scale  had  been  removed  from  l.ie- 
t.weeu  the  tubes  by  the  kerosene  treatment,  but  none  had 
been  removed  from  the  crown-sheet. 

Wood  was  used  for  fuel  and  drawn  to  the  plant  on 
sledges.  Fig.  2. 

AMien  the  new  boiler  was  put  into  commission  the  ques- 
tion was  raised  as  to  whether  or  not  any  corrosion  was 
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caused  by  the  water.  Before  firing  up,  all  the  oittside 
surfaces  of  the  tubes  and  tlie  inner  side  of  the  boiler  shell 
was  rubbed  over  with  flake  graphite  until  a  very  thin 
Iglossy  coating  co\erc(l  the  metal.  This  was  done  not 
Iso  much  with  the  idea  of  preventing  corrosion  as  to  pre- 
ivent  any  scale  from  adhering.  Later  when  the  smaller 
[boiler  was  retul)ed  no  evidence  of  corrosion  could  be  dis- 
perned  in  the  uld  tul)es,  nor  was  any  such  evidence  dis- 
covered in  either  of  the  boilers  at  any  time  thereafter. 

Meanwhile  a  filtering  plant  was  installed  to  remove  the 

liolids  in  suspension  in  the  water  taken  from  the  creek 

for  the  boiler-feed  supply.     This  plant  wa.s  exceedingly 

jimple  and  required  only  one  13xl4-ft.  wooden  tank  in 

I'ddition  to  the  two  l-f,000-gal.  tanks  that  held  the  mill- 

i'ater  supply,  Fig.  1.     These  were  arranged  as  sluiwii  in 

fig.  3,  in  which  .-1  is  the  o-in.  suction  pipe  from  the  creek 

f)  the  four  pumps;  C  the  -1-in.  water  main  that  supplied 

lie  mill  with  water  and  which  was  connected  at  one  side 

iid  near  the  bottoms  of  the  mill-water  tanks  D  and  E, 

le  connecting  pipes  being  controlled  by  the  valves  G  and 

The  tanks  E  and  D  were  connected  at  the  tops  by  a 


trough,  about  6  in.  deep.  The  filter  lank  /  was  con- 
uected  with  the  tank  E  by  the  i-iu.  pipe  ■/,  about  midway 
between  the  top  and  bottom  of  both  tanks,  and  extended 
across  the  tank  to  the  opjjosite  side,  the  end  of  the  pipe 
within  the  tank  having  been  plugged  and  the  pipe  itself 
drilled  with  many  i/2-iii-  holes.  Fig.  4.  The  valves  on  the 
mill-water  main  were  normally  wide  open,  so  that  the 
speed  of  the  pumps  had  to  be  so  adjusted  tluil  all  tliree 
tanks  remained  full  of  water. 

Xormally  the  vahc  (i.  Fig.  I!,  -was  closed  and  the  valve 
F  left  open,  so  that  the  wati'i-  eiilercMl  the  tank  1)  at  the 
bottom,  rose  in  it  t(i  near  the  top.  thence  passed  over 
into  the  tank  E.  through  the  trdiigli  and  rising  in  the 
tank  E  to  the  height  of  the  pipe  ■/,  flowed  into  the  tank  I . 
In  rising  through  the  tanks  1)  and  E  the  coarser  solid< 
had  ample  opportunity  to  settle,  and  the  sludge  thus  ac- 
cumulated on  the  bottom  of  those  tanks  was  periodically 
flushed  out  through  suitable  \al\es. 

The  bottom  of  i-Awk  I  \\;\<  iinnidL'il  with  ;i  liltcr,  which, 
as  shown  in  the  section  of  ihat  tank.  Fig.  1,  consisted  of 
a  grating  l^/^  in.  less  in  (liaraeter  than  the  diameter  of 
the  tank.  This  grating  was  made  u])  of  3x,2-in.  scantling 
laid  upon  two  sets  of  timbers  1".'  in.  deeii,  so  that  the 
bottom  of  the  filtering  bed  was  'l\  in.  abuxu  the  bottom 
of  the  tank.  Upon  the  grating  a  double  layer  of  thin, 
white  cloth,  which  in  all  tropical  eoiiutries  is  sold  under 
the  name  of  mania,  was  (a(keil  in  pla<e  and  llie  grating 
calked  by  a.  piece  of  licirip  I'ope  drixeii  down  iietween  the 
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edge  of  the  grating  and  the  sides  of  the  tank.  On  the 
cloth  was  spread  a  layer  of  sci'ccned  diarcoal  G  in.  deej), 
the  pieces  of  which  were  nut  less  than  Vii  i'l-;  n^"'  greater 
than  2  in.  in  diameter.  U|>on  the  charcoal  was  spread 
a  layer  of  washed  ri\er-sand  containing  no  particles  that 
would  iiass  a  screen  Avitli  20  meshes  per  linear  inch.  This 
sand  sank  into  the  spaces  between  the  lumps  of  charcoal, 
but  was,  on  the  average,  2  in.  deep.  The  layer  of  char- 
coal was  used  only  to  prevent  too  tight  packing  of  the 
sand  upon  the  filter  cloths. 

After  the  filter  has  been  in  use  for  a  week  or  10  days 
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upper  surface  becomes  coated  with  a  thin  gelatiiiou.^ 
....iUiig  of  vegetable  growth  which,  while  allowing  water 
to  percolate  through  it,  entangled  the  finest  sediment  and 
prevented  it  from  passing  through  the  filter  bed. 

The  water  below  the  filter  tank  /,  from  which  all  sedi- 
ment had  been  removed  and  which  was  cr_ystal  clear,  was 
drawn  off  through  the  pipe  L  to  a  30-hp.  feed-water 
heater,  from  which  all  the  plates  had  been  removed.  All 
of  the  exhaust  steam  from  one  60-hp.,  one  30-hp.  engine 
and  four  service  and  four  boiler-feed  pumps  was  led  into 
it,  heating  the  feed  water  to  210  deg.  F.,  before  flowing 
to  the  pumps.  The  bottom  of  the  heater  was  about  2 
ft.  above  the  four  pumps,  so  that  the  water  flowed  to 
them  by  gravity.  The  feed  water  was  fed  to  the  boiler 
constantly;  one  or  the  other  pumps  was  always  in  mo- 
tion night  and  day,  the  speed  being  so  regulated  that  the 
feed  equaled  the  evaporation. 

After  this  system  had  been  installed  no  further  trouble 
was  experienced  from  scale.  It  was  the  custom  to  stop 
operations  the  first  and  fifteenth  day  of  each  mouth, 
which  were  the  mill  clean-up  days.  Then  the  boilers  were 
blown  out  and  about  half  an  ordinary  water  bucket  of 
granular  material  would  be  foimd  in  the  bottom.  This 
was  probably  the  salts  held  in  solution  in  the  water  and 
which  could,  therefore,  have  passed  the  filter  bed.     Xo 


scale  formed  on  the  plates  or  tubes,  and  no  corrosion 
was  evident  at  the  end  of  two  years. 

At  these  clean-up  times  the  drain  valves  on  the 
tanks  would  be  opened  -to  drain  off  the  settled  sand  and 
sludge.  The  sand  on  the  filter  beds  was  removed  and  a 
new  layer  substituted  every  six  months.  The  cloth  in  the 
filter  had  been  in  use  18  months  when  the  writer  re- 
linquished charge  of  the  work.  The  heater  also  served  as 
a  sand  trap,  inasmuch  as  it  would  have  caught  and  held 
all  the  sand  that  might  have  been  washed  through  a  hole 
in  the  filter  cloth  and  thus  have  prevented  its  entering 
the  boiler  had  such  a  hole  formed. 

All  the  lubricating  oil  in  the  exhaust  from  the  engines 
and  pumps  entered  the  feed-water  heater,  from  which 
the  plates  and  box  for  removing  such  oil  had  been  taken 
out.  Consequently  much  oil  must  have  returned  to  the 
boiler  and  the  quantity  accumulated  steadily  for  two 
weeks.  A  cheap  mineral  cylinder  oil  was  used,  but  no 
trouble  was  experienced  from  its  presence.  On  the  con- 
trary, the  oil  was  regarded  as  beneficial  rather  than  detri- 
mental, as  it  probably  caused  salts  that  had  been  in  solu- 
tion in  the  water  to  settle  as  a  granular  sand  rather  than 
in  a  compact  mass.  The  filtering  capacity  of  one  12x14- 
ft.,  14,000-gal.  filter  tank  was  just  sufficient  for  the  two 
boilers.     The  water  percolates  very  slowly. 


Modern  Boiler-Room  Operation 


By  W.  A.  Blunck 


SYNOPSIS — Application  of  ihe  Ohmic-Jaw  principle 
la  boiler  operation.  Opportunities  for  improving  average 
present-day  boiler-plant  efficiency  by  means  of  suitable 
instruments  enabling  operators  and  chief  engineer  to 
1,-now  condition  of  furnace  at  all  times.  Two  bonus  sys- 
tems that  failed  and  one  that  was  successful. 

The  erroneous  idea  appears  to  prevail  that  it  takes 
brain  to  run  an  engine  room  while  just  brawn  is  sufficient 
for  the  boiler  room.  This  point  is  brought  home  upon 
entering  a  turbo-generator  plant  and  seeing  an  equipment 
of  instruments  on  the  generator  panel  representing  an 
expenditure  of  from  $1000  to  $2000.  Even  the  worst 
operator  cannot  decrease  the  efficiency  of  the  prime  movers 
more  than  about  2  per  cent.,  while  in  the  boiler  room  the 
loss  in  economy  due  to  ignorance  or  lack  of  suitable  indi- 
cating and  recording  apjiaratus  may  amount  to  as  high 
as  oO  per  cent.,  or  even  more.  Yet,  in  most  boiler  rooms 
a  steam  gage  and  water  glass  are  the  only  instruments 
provided.  About  70  per  cent,  of  the  cost  of  operation  of 
most  power  plants  is  chargeable  to  the  boiler  room,  and 
for  the  handling  of  this  expenditure  the  management 
often  employs  the  lowest  grade  of  labor  available,  in- 
stead of  giving  inducements  to  the  intelligent  workman 
1o  stay  in  the  boiler  room  and  handle  this  expenditure 
judiciously.  Another  point  for  criticism  is  that  in  many 
industrial  plants  the  power-generating  expense  is  charged 
entirely  to  overhead  expense  and  the  power  house  is  not 
treated  as  a  separate  department,  receiving  a  certain  sum 
every  month  for  the  raw  material  (coaH  and  giving  a 
finished  product  (power)  with  a  certain  net  return.     In 
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too  many  plants  tlie  cost  data  kept  consist  only  of  the 
coal  bills  and  the  weekly  payroll.  Xo  check  is  made  on 
the  weight  of  the  coal  received  neither  is  its  heat  value 
ascertained  nor  the  evaporation  it  yields  in  actual  service. 
And,  as  more  than  70  per  cent,  of  the  entire  expenditure 
for  power  is  generally  handled  in  this  crude  manner,  it 
is  n.i  exaggeration  to  say  that  from  a  commercial  stand- 
point the  operation  of  two-thirds  of  our  boiler  rooms  is 
to  be  consiclered  as  an  economic  joke. 

As  a  concrete  illustration,  consider  the  horrible  ex- 
ample of  a  smaller  size  of  coal  mine.  Here  an  equip- 
ment of  six  very  small  tubular  boilers  is  erected  in  the 
cpen  air.  just  protected  in  front  by  a  rain  shed ;  the  fire- 
doors  close  only  partly:  the  settings  are  badly  cracked; 
the  rear  arches  ha\e  holes  through  which  one  could  pass 
his  fist ;  the  flue-doors  are  without  a  latch,  and  the  stacks 
are  eaten  through  by  corrosion.  The  duplex  pumps  em- 
ployed have  leaky  valves  and  piston  rings,  resulting  in 
a  constant  roar  of  exhaust  .steam  passing  out  at  the  roof. 

When  the  owner  was  informed  that  a  simple  and  in- 
expensive fixing-up  of  his  plant  would  result  in  a  saving- 
of  75  per  cent,  of  the  coal  used,  he  paid  no  attention  but- 
merely  remarked  that  the  operation  of  the  plant  cost  him 
nothing  except  for  a  little  labor  as  the  coal  was  found: 
right  near  the  ground. 

Although  this  mine  owner  was  prosjierous,  he  cer- 
tainly suffered  from  a  warped  mind  and  had  a  kink  in 
his  business  make-up.  He  and  other  members  of  his 
class  remind  me  of  a  saying  current  among  the  aristoci'ats- 
of  France  just  before  the  crash  came  at  the  end  of  thf 
eighteenth  century,  which  in  plain  English  would  run' 
about  as  follows:  '"Let  us  enjoy  and  waste  today,  we  d( 
not  know  what  tomorrow  will  bring  and  we  do  not  cafl 
who  comes  after  us." 
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Luokuig  at  th(j  reverse  of  tliis  picture,  it  requires  uo 
jreat  strength  of  imagination  to  predict  that  a  few 
•enturies  hence  some  college  professor  at  the  head  of  his 
■lass  will  lift  an  incandescent  bulb  and  make  a  remark 
ibuul  :is  follows:  ""'riiis  was  the  means  of  light  in  the 
;wentieth  century.  It  was  ]iroduced  from  the  energy 
stored  in  coal  witli  an  efficiency  of  O.v'  per  cent.  What 
i^-ould  we  not  give  if  some  of  this  precious  energy  had 
3een  left  for  us?" 

Steam  boilers  have  been  employed  for  more  than  200 
j'ears,  yet  it  must  be  confessed  that  less  is  generally 
suoAvn  about  them  than  the  electrical  engineer  knows 
ihiiiil  the  practical  forms  of  electricity,  although  the  lat- 
er is  a  development  of  only  about  25  years.  In  the 
;volution  of  his  art,  the  electrical  engineer  soon  realized 
:hat  a  quantitative  and  qualitative  analysis  of  electrical 
;nerg)-  was  necessary  and  thus  the  Ohniic  law  soon  be- 
;ame  a  tool  easily  comprehended  by  all  workers  in  the 
irt.  A  standard  of  measurement  analogous  to  the  Ohmic 
aw  can  be  applied  to  the  operation  of  a  boiler  furnace, 
rhe  draft  resistance  of  the  fuel  bed  can  well  be  com- 
jared  to  a  resistance  in  an  electric  circuit.  The  pres- 
;ure  or  draft  loss  caused  by  the  fuel  bed  can  easily  be 
■ompared  with  the  voltage  of  the  electric  circuit  and  the 
imount  of  flue  gases  passing  through  the  boiler  can  well 
)e  compared  with  the  amperage  in  an  electric  circuit. 
Phis  analogy  is  true  to  the  extent  that  the  amount  of 
lue  gases  passing  through  a  boiler  is  in  direct  proportion 
:o  the  friction  loss  through  the  boiler,  and  in  indirect 
)roportion  to  the  friction  loss  through  the  fuel  bed. 

Any  device,  such  as  the  Blonck  boiler-efficiency  meter,* 
diich  gives  the  fireman  or  water  tender  information  as 
0  the  resistance  of  fuel  bed  and  loss  in  draft  through 
he  boiler,  serves  at  once  to  show  relative  boiler  otttput 
md  efficiency. 

One  pound  of  coal  burned  with  best  efficiency  in  the 
Illinois  district  requires  about  20  lb.  of  air.  As  the  fire- 
nan  can  neither  see,  smell  or  hear  when  the  correct 
tmount  is  being  supplied  it  often  happens  that  four  or 
ive  times  as  much  is  admitted,  resulting  in  the  cooling 
!nwn  of  the  gases  and  the  necessity  for  a  great  amount 
)f  extra  coal  for  uo  other  purose  than  to  heat  the  excess 
lir  supplied  to  the  furnace  and  later  passed  to  the  ehim- 
ley  without  adding  one  iota  to  the  steam  production 
'or  which  the  plant  was  built. 

Then,  tliere  is  the  other  possibility  of  supplying  too 
imall  an  amount  of  air.  This  results  in  incomplete  com- 
)Ustion,  producing  carbon  monoxide  in  the  flue  gases 
vhich  has  the  same  effect  of  lowering  efficiency. 

The  crux  of  the  entire  combustion  problem  is  to  be 
ible  to  regulate  the  amount  of  oxygen  or  air  supply  per 
)ound  of  coal  and  to  be  able  to  tell  instantly  when  the 
fixture  relation  changes  to  one  producing  waste.  The 
[jlonck  meter  makes  the  accomplishment  of  this  result 
iossible  and  by  means  of  adjustable  indicators  may  be 
fit  so  that  even  a  foreign  laborer  who  cannot  ttnderstand 
ISnglish  can  be  quickly  taught  to  regulate  his  furnace 
cith  the  guidance  of  the  meter. 

t  To  the  amiiitious  engineer  this  and  similar  instruments 
Ire  ns  important  in  the  boiler  room  as  the  steam-engine 
idii  :i(or  in  the  engine  room,  except  that  they  have  the 
iiddc(l  advantage  that  they  give  a  continuous  indication 

the  combustion  process. 

luir   issue   of  D^c.   24,   1912,   and  mentioned   in 


As  far  as  can  be  determined,  there  are  two  ways  of 
getting  the  closer  attention  of  the  firemen.  The  first  is 
the  well  known  bonus  system,  and  the  second  is  to  fur- 
nish the  fireman  proof  that  by  firing  correctly,  which  he 
can  do  with  the  assistance  of  proper  instruments,  he  lias 
to  shovel  less  coal  or  can  do  better  work  with  the  exertion 
of  less  effort. 

Bonus  systems  do  not  always  work,  as  the  following 
will  indicate.  A  system  was  instituted  in  a  high-grade 
]jlant  of  the  Central  West.  The  plant  contained  eight 
boilers,  six  being  operated  for  average  week-day  loads. 
The  coal  u.sed  contained  10,000  B.t.u.  per  lb.  and  the  fire- 
men were  shown  how  to  keep  a  nice  average  of  8  per 
cent.  COj.  The  bonus  was  to  be  $1  a  week  per  man  for 
each  .shift  of  firemen  keeping  an  average  of  8  per  cent, 
and  25c.  more  for  each  additional  %  per  cent.  Inside 
of  a  week  tlie  bonus  had  boosted  the  t'0„  to  10  and  11 
per  cent.  An  investigation  showed  that  it  was  now  nec- 
essary to  run  seven  boilers  instead  of  six,  and  close  coal 
and  water  records  disclosed  the  fact  that  the  evapora- 
tion per  pound  of  coal  had  decreased  instead  of  increased. 
The  men  simply  worked  for  the  bonus  by  keeping  the 
damper  partly  closed  and  carrying  very  heavy  fuel  beds 
on  the  grates,  thus  reducing  the  rate  of  combustion  per 
square  foot  of  grate  area  and  introducing  the  added  losses 
due  to  greater  radiation  and  the  escape  of  unburned 
combustible  gases. '  The  system  was  abandoned  as  a  con- 
sequence of  this  discovery.- 

In  another  instance  a  system  was  installed  in  a  high- 
grade  plant  in  the  East  having  an  accurate  coal-weigh- 
ing and  water-measuring  equipment.  Each  shift  saw 
its  previous  day's  record  on  a  blackboard  conspicuously 
located  in  the  boiler  room.  The  record  simply  gave  total 
pounds  of  water  evaporated,  total  pounds  of  coal  burned 
and  ]ionnds  of  water  evaporated  per  pound  of  coal.  The 
feed-water  temperature  was  practically  constant  for  the 
three  shifts.  With  14.000  B.t.u.  coal  the  bonuses  were 
awarded  for  average  evaporation  of  8.5  or  more  pounds 
of  water  per  pound  of  coal.  The  rivalry  among  the  three 
shifts  brought  this  value  in  a  few  weeks  up  to  more  than 
9.75,  and  as  that  gave  rise  to  suspicion,  a  watch  was  set, 
and  it  was  found  that  this  bonus  system  inspired  the  men 
to  open  the  mud  drums  and  blow  frequently  and  gen- 
erously to  the  sewer.  As  it  did  not  seem  advisable  to  pro- 
vide locks  and  keys  for  the  blowoff  cocks,  this  system  had 
also  to  be  abandoned. 

A  bonus  system  which  thus  far  has  been  free  from 
temptations  for  the  men  to  be  dishonest  is  now  being 
successfully  operated  in  several  plants  of  the  Central 
West.  Blonck  boiler-efficiency  meters  of  the  indicating 
type  are  mounted  on  the  boiler  fronts  and  units  of  the  re- 
cording type  are  installed  undn-  lock  and  key  in  the 
boiler-room  foreman's  office.  As  the  recorders  show 
graphically  the  relation  at  every  instant  between  furnace 
resistance  and  boiler-  resistance,  or  in  its  last  analysis,  the 
amount  of  air  admitted  per  pound  of  conl  delivered  to 
the  grate,  there  is  no  chance  for  deception  regarding  the 
actual  handling  of  the  furnaces  with  its  consequences 
relating  to  furnace  eflnciency  and  boiler  caiiacity. 

Mention  of  the  fact  that  the  gas-engine-driven  exhaust- 
ers. Fig.  9,  of  the  Flatbush  Gas-Electric  Station  article, 
Mov.  18  issue,  were  furnished  by  the  Connersville  Blower 
Co.,  was  inadvertently  omitted. 
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Sullivan  Angle-Compound  Air 
Compressor 

As  slioTvn  in  the  illustrations.  Figs.  1  and  2,  the  augle- 
iiipound  class  '"WJS"  air  compressor  has  its  low-pres- 
sure or  intake  cylinder  in  a  horizontal  plane,  with  the 
high-pressure  cylinder  set  vertically,  on  the  end  of  the 
/lorizontal  frame.  Both  pistons  are  actuated  by  a  single 
crank,  and  both  sets  of  valve-gears  by  a  single-eccentric 
pin.  The  driving  pulley  or  motor  is  mounted  at  one 
side,  on  an  extension  of  the  cranksluift. 

The  main  frame  in  this  type  of  angle-compound  com- 
picssor  is  hori<;oiital .  and  supports  the  entire  machine. 
To  one  end  is  atiaehed  the  low-pressure  cylinder  and 
on  the  other  is  bolted  an  upright  pedestal,  which  carries 
the  vertical  or  high-pressure  cylinder.  This  main  frame 
is  of  the  heavj'-duty.  Tangle  pattern,  -with  bored  guides 
for  the  low-pressure  crosshead.  There  are  openings  in 
the  sides,  to  afford  access.  The  bottom  is  solid  and  forms 
a  reservoir  for  oil. 


consisting  of  a  babbitted  box,  carried  in  a  heavy  pillow 
block  upon  a  sole  plate  bolted  to  the  foundation.  Set- 
screws  and  wedges  permit  adjustment  both  vertically  and 
horizontally,  so  that  this  bearing  may  always  be  kept 
in  correct  alignment  with  the  crankshaft  bearings. 

The  band  flywheel  is  of  sufficient  weight  to  give  .steady 
motion  to  the  compressor,  at  its  rated  speed;  it  is  made 
in  halves. 

When  desired,  the  compressor  may  be  driven  by  an  elec- 
tric motor  mounted  directly  on  the  crankshaft.  In  this 
case  the  regular  belt  pulley  is  rc])laced  by  a  heavy  square- 
rimmed  flywheel.  A  special  crankshaft  is  supplied,  of 
sufficient  length  to  jiroperly  accommodate  the  electric 
motor. 

Both  low-  and  high-pressure  cylinders  are  made  with 
separate  liners  forced  into  the  main  castings,  the  spaces 
between  the  liners  and  cylinder  castings  forming  the 
water  jackets.  The  air  passages  in  the  cylinder  casting 
cover  the  entire  area  outside  of  the  jackets,  the  inlet  and 
discharge   sides   being   separated  by   longitudinal    parti- 
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The  vertical  frame  or  pedestal  is  of  similar  design  and 
has  a  broad  base  secured  by  heavy  bolts  to  the  top  of  the 
front  end  of  the  main  frame. 

The  main  hearings  are  made  in  four  parts,  of  cast  iron, 
lined  with  habljitt,  with  setscrew  adjustment,  and  so  de- 
signed that  aJl  four  parts  may  be  taken  out  without  re- 
moving the  main  shaft. 

The  connecting-rods  are  forged  from  opeuhearth-steel 
billets,  with  niarine-t^qje  boxes  on  the  crankpin  ends, 
lined  with  babljitt. 

The  crankshaft  is  a  heavy.  oi)enhearth-steel  forging, 
of  the  center-crank  type.  The  crankpin  is  of  a  proper 
length  to  accommodate  both  connecting-rod  boxes  on  it 
side  by  side.  A  heavy  cast-iron  counterweight  is  bolted 
to  each  crank  check,  equaling  the  whole  weight  of  the 
reciprocating  parts  of  cither  the  high-  or  low-pressure 
member.  The  centrifugal  effect  of  these  weights  neutral- 
izes the  inertia  of  both  sets  of  reciprocating  parts,  so  that 
the  compressor  runs  at  full-rated  speed  without  per- 
ceptible vibration. 

This  crankshaft  extends  from  one  side  of  the  machine 
to  receive  the  driving  pidley  or  motor,  and  in  all  except 
the  smallest  sizes,  is  provided  with  an  outboard  bearing. 


tions  on  the  sides  of  the  cylinders.  The  surface  on  the 
outer  side  of  the  jacket  walls  provides  considerable  cool- 
ing area  in  addition  to  that  of  the  intercooler. 

The  air-inlet  valves  are  of  the  Corliss  type,  of  amph 
area  to  fill  the  cylinder  at  atmospheric  pressure  when  th( 
compressor  runs  at  maximum  speed.  The  air-inlet  valve; 
are  driven  b}'  steel  valve  stems  equipped  with  collars 
with  ground  joints  between  these  collars  and  the  bonnets 
to  prevent  leakage  of  air  around  the  stems.  The  stem; 
derive  their  motion,  through  cast-iron  rocker-arms  keyec 
to  them,  from  a  single  crankpin,  attached  to  a  small  di.sl 
keyed  to  the  end  of  the  main  crankshaft  opposite  the  fly- 
wheel. The  connection  rods  for  operating  the  inlet  valves 
are  placed  side  by  side  on  this  pin,  one  rod  reaching  hori 
zontally  to  the  low-pressure  valves,  and  one  vertically  tf 
the  high-pressure  valves.  All  valve-gear  connection  rod: 
have  adjustable  bronze  heads  for  taking  np  wear. 

The  air-discharge  valves  are  of  the  poppet  tyjie.  in 
ternally  guided  on  cast-iron  plugs,  and  held  to  their  seat: 
by  light  steel  springs;  they  seat  in  bronze  cages,  readih 
removable  by  unscrewing  the  valve  plugs,  and  are  sufi: 
cient  in  number  to  provide  ample  area  for  the  escape  ol 
the   compressed   air  from  the  cylinders.     They   are  set 
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with  their  Ci\gv^,  in  jiurts  or  pockets,  arranged  raiUall}- 
iu  tlie  air-cyliuder  heads,  and  readilj-  accessible  for  in- 
spection or  removal.  As  these  valves  act  in  a  direction 
radial  to  the  axis  of  the  cylinder,  they  avoid  losses  in  effi- 
ciency due  to  clearance  space  to  the  greatest  possible  de- 
gree. There  are  no  long  ports  or  pockets  leading  to  them, 
in  which  air  is  trapped  after  compression  instead  of  Ijeing 
expelled  from  the  cylinder. 

The  intercooler,  for  removing  the  heat  of  compression 
in  the  air  from  the  low-pressure  cylinder,  cylindrical 
cast-iron  shell  containing  au  amoitnt  of  cooling  surface 
sttfficient  to  produce  thorough  cooling  of  the  compressed 
air.  It  is  located  immediately  over  the  low-pressure  cyl- 
inder and  frame,  and  has  flanged  inlet  and  outlet  open- 
ings, and  cast-iron  flanged  connections'  between  it  and 
the  high-  and  low-pressure  air  cylinders.  It  is  supported 
0]i  its  inner  end  by  a  hollow,  cast-iron  flanged  leg,  into 
Avhieh  any  accumulation  of  water  or  oil  will  drain.  This 
water  or  oil  may  be  blown  off  through  a  drain  cock,  pro- 
vided at  the  bottom.  A  pop  safety  valve,  attached  to  au 
opening  on  lop  of  the  intercooler,  preveuts  unsafe  pres- 
sure in  the  intercooler  or  low-pressure  cylinder. 

The  intercooliug  surface  consists  of  a  nest  of  aluminum 
tubes  through  which  the  cooling  water  circulates,  enter- 
ing at  one  end,  traversing  one-half  the  tubes,  and  return- 
ing through  the  remainder.  The  ends  of  these  tubes  are 
expanded  into  two  headers,  the  outer  header  being  bolted 
against  a  packed  joijit  on  the  outer  end  of  the  intercooler 
body,  while  the  other  header,  inside  the  intercooler  body, 
is  free  to  move  with  the  expansion  or  contraction  of. the 
tubes.  Suitable  baffle-plates,  in  the  interior  of  the  body, 
are  so  arranged  that  the  air.  in  flowing  through  it,  will 
be  compelled  to  pass  three  times  across  the  tubes,  thus 
insuring  a  thorough  cooling  effect.  By  removing  the 
bolts  securing  the  outer  header,  the  whole  nest  of  tubes 
with  the  headers,  may  be  withdrawn  from  the  base  or 
shell  for  inspection  or  repair.  Both  headers  have  remov- 
able covers  which  give  access  to  the  ends  of  the  tubes  for 
the  removal  of  sediment  or  for  the  insertion  of  new  tubes 
when  necessary. 

The  crankshaft  bearings,  crank  and  ciusshead  pius  and 
crosshead  gaiides  of  Iroth  high-  and  low-i)ressure  memljers. 
are  supplied  with  steam  lubrication.  From  the  main  oil 
reservoir,  in  the  bottom  of  the  horizontal  main  frame, 
tmderneath  the  crankshaft,  a  small  plunger  pumji.  dri\en 
from  connections  attached  to  the  air  valve-gear,  and  with 
all  of  its  working  parts  submerged  in  oil.  delixers  oil  to  a 
reservoir  at  the  top  of  a  standpipe,  high  enough  to  in- 
sure the  delivery  to  the  highest  point  at  which  lubrication 
is  needed.  From  this  Teservoir  oil  flows  to  the  points 
specified.  The  amount  of  oil  flowing  to  each  point  is 
regulated  by  adjustable  sight-feed  connections.  The  pum]i 
is  designed  to  pump  an  amount  of  oil  greater  than  maxi- 
mum requirements,  and  the  excess  from  the  overhead 
reservoir  is  returned  by  an  overflow  to  the  main  reser- 
voir in  the  horizontal  frame.  After  the  oil  has  passed 
through  the  various  liearings,  it  flows  back  to  the  main 
reservoir  to  be  used  again.  The  air  cylinder  and  rolling 
inlet  valves  are  oiled  from  a  separate  five-feed  positive 
oil  pump  of  special  desi.srn,  driven  from  the  air  valve-gear. 
Each  feed  may  be  re.erulated  separately. 

The  rate  of  feed  of  oil.  to  all  points  lubricated,  may 
be  oliserved  by  the  operator  from  the  engine-room  floor. 
All  working  joints  in  the  air  valve-gear  are  lubricated 
with  grease  cups.     The  outboard  bearing  supporting  the 


end  of  the  crank.shaft  is  independently  lubricaU'd  hv  a 
suj^ply  of  oil  contained  in  a  well  underneath  the  bearing 
to  which  it  is  delivered  by  ring  oilers. 

The  water  circulation  for  the  cylinders  and  intercooler 
has  but  one  inlet  and  one  outlet.  Entering  at  the  bot- 
tom of  the  low-pressure  cylinder,  water  pa.sses  thence 
through  the  intercooler  and  high-pressure  cylinder,  leav- 
ing the  latter  at  the  top.  This  arrangement  provides  a 
positive  circulation,  with  no  danger  of  entrapping  air 
in  the  water  spaces. 

An  unloading  valve  tan  be  provided  for  cutting  off  the 
supply  of  air  to  the  compressor,  when  the  receiver  pres- 
sure ha.s  reached  the  desired  limit.  It  is  attached  to  the 
main  inlet  opening  on  the  low-pressure  cylinder,  and  is 
of  the  total  closure  pattern.  This  apparatus  consists  of 
a  double-beat  valve,  placed  on  the  air-inlet  duct,  and  con- 
trolled by  air  pressure  from  the  air  receiver.  The  valve 
is  set  to  slmt  off  all  the  incoming  air  from  the  comiiressor. 
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when  tlic  receiver  pressure  rises  ahove  a  point ;  that  is, 
when  the  demand  for  air  drops  away.  The  compressor 
then  nins  under  no  load,  except  friction,  compressing  no 
air,  and  reducing  the  consumjition  of  power  to  a  very 
low  factor. 

When  the  demand  for  air  begins  once  more,  that  is, 
when  the  pressure  in  the  receiver  falls  below  the  point 
at  which  the  unloading  device  is  set  to  act,  the  val\e 
again  opens  fully,  and  the  compressor  automatically  re- 
sumes its  entire  load,  until  the  denumd  for  air  again 
ceases,  v.dien  the  cycle  of  operation,  just  described,  is 
repeated. 

This  unloading  valve  may  be  adjusted  by  means  of  a 
weight,  lever  and  springs,  to  maintain  any  desired  pres- 
sure in  the  air  receiver.  Its  action  is  prompt  and  posi- 
tive, and  it  does  not  throttle  or  wire-draw  the  air  in  its 
passage  to  the  intake  cylinder.  The  pa,ssage  is  either 
fully  open  or  tightly  closed.  At  the  same  time,  the  action 
of  this  device  is  gradual  and  smooth,  so  that  the  load  is 
thrown  on  evenly,  witliout  sudden  shocks  and  consequent 
fluctuations  and  peaks  in  the  power-consum])tion  line. 


<51G 


rOWER 


Vol.  3S,  No.  21 


■J'hij  iur  vuiupro;::>oi-,  iiiauufacUuxHl  l)y  the  Sullivan 
Machiaery  Co.,  Peoples  Gas  Bldg.,  Chicago,  111.,  should 
be  especially  attractive  to  power  plants  for  all  sorts  of 
manufacturing  service,  on  account  of  the  small  floor 
space  which  it  occupies,  its  simplicity,  high  overall  effi- 
ciency, low  factors  of  care.  atteiiti<in  ami  repair,  and 
flexibility  of  the  driving  element. 

Uehling  Vacuum  Recorder 

The  Uchlin.u-  vacuum  recorder  is  an  instrument  of  hy- 
drostatic type.  The  pen  is  actuated  by  a  float  resting 
on  mercury  contained  in  a  cylindrical  float  chamber,  si'- 
cured  to  the  lower  side  of  the  cloi'k  case.  Connected  with 
this  chamber  is  a  steel  tube  of  the  proper  length  to  con- 
tain a  column  of  mercury  Id  lialanre  the  atmospheric 
pressure. 


The  cross-sectional  areas  of  the  float  chamlier  and  i)res- 
sure  tube  are  such  that  the  pen  moves  over  the  full  width 
of  the  available  chart  for  the  range  of  vacuum  to  be  re- 
corded. 

The  Uehling  Instrument   .Co.,   Passaic,    X.   .!.,   makes 


these  recorders  for  tliree  ranges,  viz.,  from  li-.'JO,  "^O-IJO 
and  2.5-00  in.  The  advantage  of  this  is  evident  since  a 
very  open  srale  is  obtained  where  the  readings  are  of  im- 
portance. 

The  ill  list  rat  ion  shows  a  vacuum  recorder  with  a  range 
from  2(>-:lii  in.  of  mercury. 

Influence  of  Soot  on  Boiler  Economy 

By  II.  D.  FisHii: 

'I'he  writer  has  been  engaged  in  boiler-plant  work  for 
a  number  of  years,  and  has  made  a  careful  study  of  the 
accunmlation  of  soot  and  methods  for  removing  it,  also 
its  effects,  both  by  boiler  tests  and  inspections  of  boilers, 
when  they  were  out  of  .service,  on  which  various  methods 
of  cleaning  were  u.«ed. 

Receutlj^  the  writer  ran  tests  on  a  boiler  equipped 
with  a  tube-blowiug  device  to  determine  its  ef- 
fect on  boiler  economy.  The  water-tube  boiler  was  400 
hp.  capacity,  21  ft.  wide  by  9  ft.  high,  4-in.  by  18-ft. 
tubes,  three  36-in.  by  20-ft.  2-in.  drums  and  a  super- 
heater with  439  sq.ft.  of  surface.  It  was  hand  fired  with 
a  mixture  of  Pennsylvania  bituminous  coal  and  screen- 
ings in  the  proportion  of  about  one  to  three,  on  a  rocking^ 
grate  12  ft.  wide  by  7  ft.  4  in.  long,  or  88  sq.ft.  area.  Test 
.1  was  run  one  week  after  the  tubes  had  been  thoroughly 
swept  and  the  boiler  operated  as  usual  without  blowing  or 
cleaning  the  tubes  in  any  way.  Test  B  was  run  two  weeks 
after  the  test  A  and  one  week  after  the  tubes  had  been 
swept,  the  boiler  being  operated  as  usital  and  the  tubes 
blown  daily.  The  tests  were  of  two-hour  duration  and 
were  started  and  stopped  by  the  alternate  method. 

Number  of  Test  A              B 

Steam  pressure  gage,  lb 130 

Temperature  feed  water,  deg. , 208 

Temperature  gases  leaving  boiler,  deg.  F 437 

Temperature  superheated  steam,  deg.  F 424 

Draft  at  boiler  damper,  in.  water 0 .  50 

Weight  coal  as  fired,  lb 13,207 

Per  cent,  moisture  in  coal 2 .  74 

Total  ash  and  refuse,  lb -  2S35 

Coal  per  sq-ft.  grate  per  hr.,  lb..  ,  .  15  0 

Total  water  fed  to  boiler,  lb 

Water  evaporated  per  lb.  coal.  lb. . 

Per  cent,  rated  horsepower  developed 88             9.S 

Heating  value  of  coal  per  lb 13.057      13,410 

Efficiency  of  boiler  grate,  per  cent 67.9         66.7 

Loss  due"  to  latent  heat  of  water,  per  cent 2.3           2.2 

t.oss  in  products  of  combustion,  per  cent 6.9           7.2 

Loss  in  air  excess,  per  cent 6.3           7.2 

Loss  due  to  unburned  carbon  monoxide,  per  cent 0.6           1.2 

Loss  due  to  unburned  carbon  in  ashpit 6.7           5.3 

Radiation  and  unaccounted  losses.  9.3         10.2 

100.0         100.0 

Neither  from  these  tests  nor  tbe  continuous  operating 
results  of  the  plant  could  auy  improvement  in  operating 
results  be  noted. 

A  particularly  had  feature  of  all  forms  of  soot-blowing 
apparatus  which  require  a  number  of  pipes  piercing  the 
boiler  side  walls,  especially  if  they  are  installed  after  the 
lioiler  setting  is  erected,  is  the  cracking  up  of  the  brick- 
work and  the  amount  of  air  leakage  this  allows.  In  some 
tests  on  302-hp.  water-tube  boilers  with  hand-fired,  flat 
grates,  burning  a  mixture  of  two  parts  Pocahontas  to  one 
part  screenings,  it  was  found,  from  gas  samples  taken 
over  the  fire  in  the  first  pass,  that  there  was  11.6  per 
cent.  CO.,  corresponding  to  77  per  cent,  excess  air,  while 
in  the  back  connection  simultaneous  .samples  showed  only 
•n.S  per  cent.  CO.,  corresponding  to  280  per  cent,  excess 
air,  or  that  more  cold  air  was  leaking  in  through  the 
boiler  walls  than  was  coming  up  through  the  grate :  they 
were  operating  a  part  of  ihe  boiler  as  an  air-cooled  con- 
denser. 
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The  worst  feature,  however,  of  all  forms  of  fixed-jet 
apparatus  is  that  they  caunot  be  spaced  close  enough  to 
■ett'ectively  clean  the  tubes.  The  fine  yellow  dust  and  ash 
which  carries  over  from  the  grate,  coheres  very  strongly 
and  requires  a,  strong  jet  at  a  short  distance  From  the 
nozzle  to  remove  it. 

Some  large  horizontal  baffled  water-tube  boilers  in  one 
of  the  big  Philadelphia  electric-generating  stations  have 
a  most  elaborate  system  of  fixed  steam  jets,  but  in  prac- 
tice it  has  been  found  that  these  will  do  little  more  than 
keep  the  soot  from  accumulating  in  large  heaps  in  the 
■corners  of  the  baffles  and  keep  the  soot  off  the  adjacent 
rows  of  tubes. 

Blowing  tubes  with  a  hand  pipe  is  usually  ineffective, 
as  the  alleys  are  too  narrow  to  allow  a  long  enough  pipe 
to  reach  clear  across  the  boiler  tubes,  not  to  mention 
its  awkwardness.  One  case  showed  this  very  clearly.  A 
508-hp.  water-tube  boiler,  18  ft.  wide  by  14  ft.  high, 
equipped  with  a  stoker  11  ft.  wide  and  12  grates  long  was 
being  used  for  making  competitive  tests  of  semi-bitumin- 
ous coals.  The  same  man  fired  all  the  tests  which  were 
run  at  about  the  same  boiler  horsepower,  but  it  wa.s 
noticed  that,  although  the  tubes  were  blown  every  day, 
the  flue  temperature  kept  steadily-  increasing. 

The  tests  were  started  with  the  boiler  practically  new 
and,  owing  to  alterations  in  the  rest  of  the  boiler  plant,  it 
was  impossible  to  take  it  out  of  service  for  about  three 
months,  during  which  time  the  flue  temperature,  with  the 
boiler  running  very  close  to  rating,  rose  from  about  450 
to  600  deg.  F. 

When  the  boiler  was  finally  cut  out  of  the  line  it  was 
found  that  about  one-third  of  the  boiler  nearest  the  inner 


wall  was  almost  solid  with  a  fine,  yellow  ash  and  a  thor- 
ough sweeping  brought  down  over  a  ton  of  it.  In  this 
case  the  alley  was  too  narrow  to  use  more  than  a  G-ft. 
pipe. 

A  very  effective  scheme  in  cases  like  this  is  that  used 
by  one  of  the  large  New  York  companies.  The  blowing 
pipe  is  made  of  two  lengths  which  will  conveniently  work 
in  the  alley,  joined  by  a  swing  joint,  similar  to  those 
used  in  gas  jets.  The  pipe  is  first  entered  with  the  joint 
bent  at  right  angles,  when  this  first  portion  of  the  tubes 
has  been  thoroughly  covered,  the  joint  is  straightened  aud 
the  back  tubes  can  then  be  reached. 

The  general  opinion  seems  to  be,  among  large  steam 
users,  that  while  blowing  tubes  will  help  to  a  certain  ex- 
tent the  only  satisfa.ctory  way  to  keep  the  fire  side  of  boil- 
ers clean  is  to  take  them  out  of  service  every  so  often 
and  brush  down  all  soot  and  ash  off  the  tubes.  This  is 
even  a  meaner  job  than  blowing  tubes,  but  does  not  have 
to  be  done  so  often,  and  can  be  done  with  a  cheaper  grade 
of  labor. 

Care  in  this  direction  is  amply  repaid,  for,  with  good 
firing,  a  reduction  of  50  deg.  F.  in  the  flue  temperature 
will  mean  a  saving  of  3  per  cent,  in  the  coal  bill  and 
where  firing  is  poorer  and  correspondingly  larger  quan- 
tities of  air  are  pa.ssing  up  the  stack  the  savings  will  be 
even  larger. 

It  is  along  this  line  and  that  of  keeping  brickwork, 
etc.,  in  good  condition  and  free  from  air  leaks  that  the 
average  engineer  can  do  most  to  increase  the  efficiency 
of  his  plant,  as  they  require  no  elaborate  testing  outfit, 
but  can  be  seen  and  remedied  by  any  man  who  is  willing 
to  take  the  trouble. 


Condenser-Tube  Corrosion — II 


•CoMPAiiisoN  OF  Practical  and  Laboratoby  Results 

The  agreement  between  the  two  methods  of  work  is  strik- 
ing. In  both,  the  order  in  which  the  tubes  resist  dezinciflca- 
tion  at  elevated  temperatures  has  been  found  to  be  pre- 
cisely the  same.  It  is  unfortunate  that  no  .strictly  quantita- 
tive expression  can  be  obtained  to  represent  the  relative  merit 
■of  the  tubes  as  regards  resistance  to  dezincification.  In  the 
case  of  the  experiment  with  the  condenser  plant  the  authors 
have  been  obliged  to  i-ely  upon  mere  inspection  of  the  tubes. 
Nevertheless,  there  can  be  no  doubt  that  the  70:29:1  and 
70:  28:  2  tubes  are  more  resistant  than  the  70:  30  brass,  and 
this    more    than    the   Muntz    metal. 

The  supreme  importance  of  temperature,  which  had  been 
clearly  indicated  by  the  laboratory  work,  was  amply  con- 
firmed by  the  large-scale  test  In  each  of  the  four  sets  of 
three  tubes  the  topmost  was  the  most  severely  attacked,  and 
a  study  of  the  details  of  the  construction  of  the  condenser 
will  sho'w  clearly  that  the  top  tube  must  have  been  the  most 
highly  heated  of  each  set.  On  the  other  hand,  the  bottom 
tubes  of  each  set  must  have  been  subjected  to  a  distinctly 
lower  temperature  than  the  others,  and  as  a  result  the  bot- 
tom tubes  in  two  cases  have  not  been  attacked  at  all,  and 
in  the  other  two  cases  the  attack  is  less  than  that  in  the 
case  of  the  higher  tubes.  Both  sets  of  tests  bring  out  the 
fact  that  the  locality  in  which  dezincification  occurs  is  not 
determined  by  the  electrochemical  action  of  carbon  or  any 
other  foreign  particles  settling  on  the  tubes.  It  is  due  to  a 
chemical  action  which  becomes  the  more  pronounced  as 
the  temperature  is  raised  from  the  ordinai-y  temperature  to 
122  deg.  F..  and  probably  higher,  though  the  Admiralty  tube 
must  possibly  be  excepted  from  this  statement.  This  action 
takes  place  under  conditions  which  exclude  the  possibility  of 
the  settling  on  the  tubes  of  any  substance  not  derived  di- 
rectly from   the  tubes   themselves. 

Dezinc:flcation  appears  to  be  a  phenomenon  inherent  in 
alloys  of  the  brass  type,  and  to  be  more  pronounced  the  higher 
the  percentage  of  zinc  in  the  alloy.  It  starts  at  certain  points 
■on  the  tubes  and  spreads  outward  from  them,  until,   in   time. 


the  wliole  tube  would  become  dezincified.  A  distinct  relation 
lias  been  found  between  the  presence  of  firmly  adherent  oxy- 
chloride  and  the  spots  or  areas  of  dezincification.  It  has  been 
observed  in  tubes  corroded  under  conditions  of  practical  work, 
as  well  as  in  the  experimental  condenser  test.  Direct  evi- 
dence has  been  obtained  in  the  laboratory  as  to  the  evil  effect 
of  this  substance.  The  authors  believe  it  to  be  both  a  result 
and  an  accelerating  cause  of  dezincification. 

The  Protection  of  Condenser  Tubes 

The  methods  in  use  for  the  protection  of  condenser  tubes 
are  electro-chemical  in  nature;  they  depend  either  on  the  use 
of  some  metal,  such  as  zinc,  iron,  or  aluminum  or  its  alloys, 
which  is  electro-positive  to  brass,  and  which  will  conse- 
quently set  up  an  electrical  current  when  both  are  connected 
together  and  immersed  in  sea  water;  or  on  the  use  of  a  dy- 
namo to  pass  the  current  to  the  brass.  In  principle  the  two 
methods  are  identical — namely,  that  of  making  brass  which 
it  is  desired  to  protect,  a  cathode  at  which  there  will  be  a 
tendency  for  the  liberation  of  hydrogen,  while  oxygen  will 
tend  to  be  set  free  at  the  anode.  This  anode  may  consist  of 
any  of  the  metals  mentioned  above.  The  idea  is  to  concentrate 
corrosion  on  the  anode,  which  is  sacrificed  to  protect  the 
cathode. 

The  metal  zinc  has  been  largely  employed  for  anodes,  botli 
for  the  protection  of  boilers  and  condensers.  In  the  case  of 
the  latter,  it  is  placed  in  the  water-ends  and  is  securely 
bolted  to  the  tube  plates.  At  first  sight  it  would  appear  to  be 
a  more  suitable  metal  than  iron,  since  it  is  more  electro-posi- 
tive, but  in  practice  this  does  not  prove  to  be  the  case.  There 
appear  to  be  two  reasons  for  this.  The  first  is  that  the  zinc 
gradually  becomes  covered  with  a  fairly  adherent  layer  of 
oxide,  which  itself  is  electro-negative  to  brass,  and  is  a  poor 
conductor  of  electricity.  Thus  the  protective  action  of  tlie 
zinc  soon  ceases,  and  might  even  be  reversed  but  for  the  poor 
conducting  properties  of  the  oxide.  The  second  reason  is 
that  the  consumption  of  zinc  is  found  to  be  great — far 
greater   than  that   demanded  by  the  requirements   of  oifrtrci- 
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(  hi_-mieal  piutetUuii.  It  seems  probablt-  that  Uie  zinc  is  sub- 
jrrt  to  auto-corrosion  due  to  the  action  of  the  zinc-oxychlor- 
iflu  which  adheres  to  the  metal. 

For  the  protection  of  condensers  zinc  has  been  largely  re- 

ijlaccd  by  iron,  which  is  not  only  cheaper,  but  more  elHcacious. 

The   iron    is   used   generally   in   the   form   of   slabs,    which   are 

!■  fed  in  the  water-ends  of  the  condenser,  and  are  attached  by 

Is  to  the  tube-plates. 

It  any  electro-chemical  action  is  to  occur,  it  is  obviously 
uiitjssary  to  insure  that  the  connection  between  the  iron 
slabs  and  the  tube-plate  be  thoroughly  satisfactory.  It  is,  of 
course,  possible  that  the  mere  presence  of  iron  slabs  in  the 
water-ends  of  a  condenser  migiit  give  rise  to  a  certain  amount 
of  protection  by  depriving  the  water  of  a  large  proportion  of 
its  oxygen,  which  will  go  to  form  rust.  If  this  be  so.  no 
special  care  need  be  taken  to  insure  satisfactory  electrical 
connections.  To  test  this  point,  the  following  experiments 
were   made: 

Three  pieces  of  70;30  brass  tube  were  taken,  together  with 
three  pieces  of  wrought  iron.  On  to  one  tube  and  one  piece 
of  iron  lengths  of  copper  wire  were  soldered.  These  were 
weighed  separately,  and  then  the  copper  wires  were  con- 
nected together,  so  as  to  insure  good  electrical  contact,  yet 
they  could  be  separated  again  for  weighing  purposes.  The 
tube  and  iron  were  then  immersed  in  a  beaker  containing  I'/l 
liters  of  sea  water.  One  of  the  other  pieces  of  brass  tube  was 
weighed,  and  suspended  in  another  beaker  at  a  depth  of  2 
in.  from  the  surface.  At  a  distance  of  'A  in.  above  it  a 
weighed  piece  of  wrought  iron  was  arranged.  Thus  there 
was  no  electrical  connection  between  them.  The  other  length 
of  tube  and  iron  strip  were  similarly  immersed  in  a  third 
beaker  through  which  a  stream  of  air  was  kept  bubbling.  The 
air  was  introduced  at  the  bottom  of  the  bealcer.  All  the 
beakers  were  then  placed  in  a  thermostat  at  122  deg.  F.  The 
object  of  carrying  out  the  experiments  at  this  temperature 
instead  of  at  the  laboratory  temperature,  was  to  ascertain 
whether  electro-chemical  protection  would  prevent  selective 
corrosion,  which  is  particularly  active  at  this  temperature. 
At  the  end  of  seven  and  14  days  all  the  pieces  of  metal  were 
weighed.  The  tube  which  was  in  electrical  contact  with  the 
iron  was  completely  protected,  and  showed  no  loss  of  weight. 
The  surface  appeared  quite  bright  and  unoxidized,  and  no 
sign  of  pitting  could  be  seen,  although  pi'evious  experiments 
show  that  it  occurs  normally  in  seven  days  at  this  tempera- 
ture. On  close  examination  the  protected  brass  tube  "was 
found  to  be  covered  with  a  uniform  thin  transparent  layer  of 
some  substance  which  could  only  be  removed  by  scraping. 
The  layer  was  of  about  the  thickness  of  tissue  paper,  and 
proved  to  consist  of  calcium  carbonate.  The  role  of  this  layer 
evidently  deserves  careful  consiilei  a  tion  in  any  discussion  on 
the  mechanism   of  protection. 

I''LECTIiIC.\L    COXTACT    XKClOSSAIiY    FOi;     I'KOTEL'TIOX 

Xeitlier  of  the  other  tubes  was  completely  protected, 
jn-oviug  that  electrical  contact  is  necessary.  The  ques- 
tion then  ari.ses,  how  can  electrical  contact  protect  parts 
of  the  tubes  remote  from  the  contact,  i.e.,  why  does  not 
all  the  current  generated  pass  between  the  iron  anode 
and  the  part  of  the  tube  near  it? 

It  is  difficult  to  see  how  iron  slabs  in  the  water-ends  can 
protect   the   middle    of   the   condenser. 

The  same  difficulty  is  met  with  in  considering  the  mode  of 
protection  by  a  current  generated  by  a  dynamo,  as  in  the 
Cumberland  process.  Of  course,  in  this  case  a  much  larger 
current  can  be  used,  and  it  can  be  increased  at-  will  until  it 
is  effective,  but  the  authors  liave  been  informed  by  Mr.  Cum- 
berland that  in  normal  cases  2  amp.  per  1000  sq.ft.  of  tube 
surface  is  sufficient  for  protection,  and  wliere  such  a  small 
average  current  is  used  the  amount  conveyed  by  the  most 
remote  foot  of  tube  must  be  small.  It  seems  certain  that  some 
other    factor    must    operate    to    assist    i^rotection. 

To  test  the  matter  the  following  experiment  was  made: 
In  a  glass  vessel  three  70 :  30  boiler  tubes  were  placed 
at  varying  distances  from  an  iron  anode,  the  distances 
l)eing  1/^  in..  10  in.  and  20  in.  respectively,  but  as  the 
last  was  twice  the  area  of  the  first,  it  should  receive  one- 
twentieth  the  protective  current,  or  what  the  middle  of 
a  condenser  tube  should  receive. 

At  the  end  of  three  weeks  the  tubes  were  examined. 
Each  was  covered  with  a  thin  tran.sluceiit  layer  of  cal- 
cium carbonate.  Under  this  the  brass  was  found  to  be 
unattaeked.    A  fourth  test  piece  not  connected  was  found 


greatly  attacked,  and  without  any  [irotective  coating.  It 
becomes  evident  that  when  iron  anodes  are  used  for  pro- 
tection, that  the  greater  part  of  the  protective  current 
passes  at  first  by  the  shortest  path  and  protects  only  Uk; 
parts  near  the  iron.  These  soon  become  covered  with  cal- 
cium carbonate,  greatly  increasing  the  local  resistance, 
and  the  current  passes  to  more  remote  parts,  and  covers 
them  with  the  carbonate  film,  which  thus  gradually 
creeps  along  the  tube.  The  extreme  distance  over  which 
protection  can  be  extended  is  conditioned  by  the  rela- 
tive resistance  of  the  calcium-carbonate  layer,  and  the 
increasing  resistance  of  the  more  remote  water  circuits. 
The  part  played  by  this  film  in  electro-chemical  protec- 
tion must  lie  immensely  important. 
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Ek'ctro-cheiiiical  ])rotcction  may  cease  to  be  ell'ective 
through :  Breakdown  in  the  electrical  connections ;  by 
mechanical  injury  to  the  calcium-carbonate  layer  by 
cleaning  rods,  etc. ;  by  failure  of  the  calcium  carbonate 
to  adhere  to  tubes  already  oxidized,  corroded  or  dirty. 

It  becomes  clear  from  tiiis  experimental  work  that  dc- 
zincification,  followed  by  pitting,  is  a  phenomenon  in- 
herent in  brass  alloys  of  the  type  discussed. 

The  conditions  for  its  appearance  are  the  presence  of  cer- 
tain kinds  of  water,  of  which  natural  sea-water  was  one,  and 
of  a  certain  temperature.  Dezinciflcation  may  be  prevented, 
or  at  least  postponed,  by  four  different  methods:  (1)  By  us- 
ing a  suitable  water-supply:  (2)  by  using  an  alloy  different 
from  brass;  (3)  by  adjustment  of  the  temperature  conditions 
when   brass    is   used;    (4)    by   electro-chemical    protection. 

In  the  mercantile  marine  (1)  can  never  be  employed,  and 
it  can  rarely  be  used  even  in  land  installation.  Moreover, 
there  is  as  yet  no  precise  information  as  to  the  kinds  of  wa- 
ter which  will  not  give  rise  to  dezinciflcation.  As  regards 
(2),  little  information  is  at  present  available.  An  obvious 
suggestion  is  to  lower  the  amount  of  zinc  present  in  the  al- 
loy, and  thus  to  diminish  the  tendency  toward  dezinciflca- 
tion. As  to  how  far,  if  at  all,  the  elimination  of  zinc  could 
be  usefully  carried,  the  authors  cannot  make  any  definite 
statement.  It  is,  however,  certain  that  a  complete  removal 
of  zinc  woiild  give  rise  to  serious  trouble  of  another  kind. 
Possibly  there  may  be  some  alloy  intermediate  between  70:30 
brass  and  pure  copper  which  would  be  more  resistant  to 
corrosion  than  either,  though  whether  it  could  be  satisfac- 
torily drawn  into  tubes  is  another  matter.  Probably  manu- 
facturers have  already  experimented  privately  along  these 
lines,  and  information   on   the  subject  would  be  welcomed. 

A  number  of  alloys  which  contain  no  zinc  suggest  them- 
selves as  suitable  for  the  manufacture  of  condenser-tubes. 
Phosphor-bronze  has  been  proposed  on  a  number  of  occasions. 
It  can  be  drawn  into  tubes  of  good  quality,  and  at  first  sight 
"would  appear  to  be  an  excellent  material  for  the  purpose. 
Under  certain  conditions,  however,  it  appears  to  be  subject 
to  a  peculiar  and  deeply  penetrating  form  of  complete  corro- 
sion, the  cause  of  which  has  not  yet  been  ascertained  by  .the 
authors,  and  the  phenomenon  of  "detinning"  has  also  been 
observed.  More  work  upon  this  alloy  is  desirable  before  it 
can  be  recommended  for  use.  A  copper-nickel  alloy  produced 
on  a  large  scale  in  America,  and  known  as  "monel  metal." 
has  been  used  for  condenser  tubes.  It  appears  to  give  satis- 
factory results  as  far  as  resistance  to  corrosion  is  concerned, 
but  its  high  price  has  prevented  its  extended  use.  [This  seems 
to  contradict  the  Edison  Illuminating  Companies'  results, 
previously  mentioned. — Editor].  The  work  of  Carpenter 
and  Edwards  would  suggest  the  use  of  a  copper  aluminum  al- 
loy if  it  could  be  easily  and  cheaply  drawn  into  tubes,  but  the 
authors  have  never  had  an  opportunity  of  experimenting  with 
tubes  of  such  material. 

As  regards  the  immediate  future,  and  pending  future  in- 
vestigations on  different  types  of  alloy,  the  best  means  at  the 
disposal  of  engineers  for  hindering  corrosion  appear  to  be: 
(1)  The  entire  abandonment  of  the  use  of  plain  70:30  brass 
and  its  replacement  by  either  the  Admiralty  alloy.  70:29:1 
(tin),  or  Muntz's  special  brass,  70:28:2  (lead);  (2)  careful 
control  of  the  temperature  in  condensers;  (3)  the  extended 
use  of  electro-chemical  protection.  The  authors  consider  that 
the  importance  of  temperature  in   determining   the   nature   of 
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the  cori-osi-ve  attack  on  brass  by  3ea->vater  has  not  recuivcd 
tiom    engineers    the   attention    it    deserves. 

The  temperature  of  the  water  in  a  condenser  can  be  l<opt 
aown  in  the  following  ways;  (1)  By  limiting  the  amount  of 
steam  condensed;  (2)  by  shortening  the  path  of  the  water 
through  the  condenser;  (3)  by  increasing  the  speed  of  the 
water;  (4)  by  preventing  choking  of  the  tubes,  either  by  fit- 
ting screens  or  filters,  or  by  frequent  cleaning.  The  amount 
of  steam  condensed  has  been  considered  hitherto  from  the 
point  of  view  of  engine  efBcienoy  and  space  economy,  and  not 
at  all  from  the  eoirosion  standpoint.  Nevertheless,  it  Is  a  fact 
that,  within  the  practical  limits  of  temperature,  the  greater 
the  amount  of  steam  condensed  the  greater  will  be  the  tend- 
ency to  selective  corrosion,  and  if  the  condenser  be  really 
overloaded  this  form  of  corrosion  may  go  on  at  an  extremely 
rapid  rate. 

The  practice  of  dividing  a  condenser  into  two  "nests"  is  a 
Jistinct  aid  to  corrosion.  As  the  water  passes  through  the 
lower  nest  it  becomes  heated,  and  consequently  the  top  nest 
is  supplied  with  water  that  is  already  warm  and  will  become 
itill  more  highly  heated.  From  the  corrosion  point  of  view 
it  would  be  preferable  to  introduce  a  separate  water  inlet  and 
Dutlet  to  each  nest  of  the  condenser,  and  to  discontinue  the 
practice  of  building  them  in  nests.  The  speeds  of  water 
through  the  condensers  in  the  mercantile  marine  vary  be- 
tween 240  ft.  and  360  ft.  per  minute.  The  average  is  about 
290  ft.  per  min.  The  speed  of  the  water  used  in  the  experi- 
mental plant  was  about  275  ft.  per  min.  The  faster  the  speed 
Df  the  water  in  the  condenser  the  lower  the  temperature, 
Dther  things  being  equal,  and  the  less  the  liability  to  the 
;hoking  of  tubes.  In  the  authors'  opinion  the  speed  should 
oe  kept  up  at  least  to  the  highest  figure  mentioned  above, 
ind  it  might  be  worth  while  to  try  still  higher  speeds  if  the 
:ubes   frequently    choke. 

Inquiries  made  by  the  authors  have  .shown  that  choked 
;ubes  are  sometimes  sevei'ely  corroded,  and  sometimes  not  at 
ill.  If  a  choked  tube  be  found  in  the  bottom  part  of  the  con- 
Jenser  working  normally  it  will  not  usually  be  corroded,  since 
;ts  temperature,  even  in  this  case,  is  still  low;  if,  however, 
;he  condenser  is  being  overloaded,  as  shown  by  the  high  tem- 
perature of  the  outlet  water,  it  may  be  severely  corroded.  If 
i  choked  tube  be  found  in  the  top  part,  however,  it  will  usu- 
lUy  show  severe  dezincification,  owing  to  the  high  tempera- 
ture to  which  it  has  been  heated.  Hitherto  the  corrosion  of 
:hoked  tubes  has  been  attributed  to  the  electro-chemical  ac- 
tion of  particles,  more  particularly  of  carbon,  but  this  view 
las  now  been  clearly  shown  to  be  untenable. 

(Note — In  the  above  abstract  many  of  the  statements  ap- 
pear merely  categorical,  -which  ai*e  in  reality  not  so.  Space 
considerations  have  dictated  the  omission  of  many  of  the  com- 
Tiittees'  arguments.  Those  who  wish  to  read  the  report  in 
full  are  referred  to  the  transactions  of  the  Institute  of  Metals, 
3r  to  "The  Engineer,"  Sept.  5.  1913,  p  263;  Sept.  12.  1913.  p. 
!S7  Oct.  4.  1913.  and  "Engineering,"  Aug.  30.  1913,  p.  302,  and 
Sept.    5,    1913,    p.    339.) 


Brazilian  Power  Station 

AVork  continues  on  the  port  of  Penianibuco  improve- 
neiit.s  .started  about  three  years  ago  by  the  Societe  de 
I'on.etriietion  du  Port  de  Peniambiu-o,  .says  a  considar 
•e])ovt. 

The  jetties  are  beiiii.':  extended,  the  river  dredged,  and 
iboiit  one-half  mile  of  the  quays  eompleted.  A  large 
uction  dredge  is  rapidly  filling  in  the  space  between  the 
filter  wall  of  the  quays  and  the  shore.  This  entire  work, 
rhich  will  cost  about  $16,000,000,  is  expected  to  be  coni- 
)lete(l  within  two  years. 

A  concession  for  a  new  electric  tramway  and  lighting 
ystem  in  Pernambuco  was  granted  about  18  mouths  ago 
0  Dodsworth  &  Co.,  of  Rio  de  Janeiro.  Tliis  Brazilian 
jOmpany  has  made  arrangements  with  .T.  G.  White  & 
Jo.,  of  Xew  Y(]rk  tind  Ijondon,  an  English  and  American 
inn,  to  do  the  construction  work.  The  foundation  for 
he  power  house  is  being  built  and  surveys  made  for  the 
ar  barns  and  track,  a  portion  of  which  has  already  been 
lid.  The  jjower  machinery  and  rails  are  all  of  American 
Qanufacture.  The  power  jilant,  when  completed,  will 
•enerate  4000  hp.  The  work  is  expected  to  be  finished 
rithiu  one  year. 


Allen   Friction  Wrench 

The  acconi]ia)iyi)ig  illusl  rat  ions,  Figs.  1  and  2,  show 
the  Allen  friction  wrench  in  detail.  The  wrench  con- 
sists of  three  «'orking  parts,  so  designed  that  it  instantly 


Fig.  1 


Fig. 


Fig.  3 

grips  the  socket  head,  and  turns  it  by  friction  alone.  It 
;s  reversible,  and  can  be  used  for  left-hand  work  as  ^\cll 
a.'.,  for  right.  Fig.  3  shows  the  wrench  applied  for  drilling 
]nir]ioses.  It  is  manufactured  bv  the  Allen  Wrench  & 
Tool  Co.,  754  Eddy  St.,  Providence,  R.  I. 

A  Two-Cent  Hate — For  the  purpose  of  increasing  the  day 
load  of  the  municipally  owned  Jacksonville,  Fla.,  electric- 
light  plant,  the  electrical  committee  of  the  board  of  bond 
ti-ustees  has  authorized  a  straight  cooking  and  heating  rate 
of  two  cents  per  kw.  hour.  This  means  for  Jacksonville 
what  is  supposed  to  be  very  close  to  the  lowest  rate  charged 
for  electric  current  for  this  ])urpose  of  any  city  in  the  country 
and  it  will  attract  widespread  attention.  That  the  Knoxville 
plant  is  owned  by  the  city  will  probably  be  used  everywhere 
as  a  convincing  argument  in  favor  of  municipally  owned 
electric  plants.  The  new  rate  will  prove  a  real  factor  in  re- 
ducing the  present  high  cost  of  living.  Recognized  ex- 
perts state  that  this  low  rate  will  supply  the  necessary 
fuel  for  cooking  at  an  average  of  less  than  40  cents  per  per- 
son per  month.  Indirectly,  by  increasing  the  day  load  of  the 
plant,  it  will  help  materially  in  adding  to  the  city's  net 
profits  which  last  year  exceeded  $350,000.  For  a  long  time 
ways  and  means  for  increasing  this  day  load  have  been  ser- 
iously   considered. 
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Don'ts  for  Electricians 

By  H.  M.  Nichols 


Don't  use  open  fuses. 

handle  moving  belts. 

■  use  rotten  belts. 

neglect  storage  batteries. 

overfuse  circuits. 

allow  belts  to  slip. 

throw  water  on  burning  oil. 

use  acid  salts  in  soldering. 

leave  joints  without  soldering. 

put  too  much  tension  on  brushes. 

put  water  on  hot  bearings. 

use  emery  cloth  on  brushes  or  commutators. 

fail  to  replace  cracked  insulators. 

step  over,  under,  or  through,  moving  belts. 

strip  the  threads  on  foundation  bolts. 

use  pliers  with  uninsulated  handles. 

burn    the    insulation    on    wires,    when    soldering 

Joints. 

burn  contacts  on  knife  switidies,  by  opening  them 

slowly. 

hang  clothing  or  other  material  on  wiring. 

use  high-potential  leads  that  are  not  properly  in- 
sulated. 

leave  tools  lying  near  a  motor  or  generator. 

expose  electrical  machinery  or  apparatus  to  mois- 
ture. 

use  lubricating  oil  in  transformers. 

-use  oil,  in  transformers,  which  has  been  exposed 

to  moisture. 

put  a  motor  or  generator  on  a  shaky  foundation. 

run  a  booster  without  a  speed-limiting  device. 

install  an  outdoor  circuit  without  a  liglitning  ar- 
rester. 

do  wiring  without  consulting  the  underwriters' 

rules. 

try  to  save  wire  by  freak  layout  of  circuits. 

leave  loose  or  dirty  contacts  on  switchboards. 

forget  the  value  of  sand  in  fighting  electrical  fires. 

meddle  with  circuits  you  are  not  familiar  with. 

run  motors  and  generators  without  inspecting  the 

bearings  occasionally. 

put  up  wiring  without  the  proper  fuses  or  circuit- 
breakers. 

attemjjt  to  adjust  series  arc  lamps  with  the  cur- 
rent on. 

start  a  motor  without  nuiking  sure  that  the  field 

circuit  is  all  right. 

•  run  a  motor  with  a  weak  field. 

make  adjustments  on  motors  and  generators  when 

they  are  running,  this  applies  particularly  to  brushes. 

bring  a  motor  up  to  full  speed  too  quickly  when 

st.-irting. 

send  a  new  man  on  a  job  wliieh  he  does  not  thor- 

(umhlv  understand;  it  is  dangerous  for  all  concerned. 


cut  the  Ijlades  on  knife  switches   by  adjusting  the 

contacts  too  tightly. 

block  up  the  space  in  front  of  switchboards  so 

that  the  switches  cannot  be  reached  immediately. 

do  high-potential  testing,  without  first  erecting 

red  danger  signs. 

get  your  face  over  commntat<irs,  as  there  is  al 

ways  danger  of  a  flash  over. 

handle  meters  roughly. 

expose  your  watch  to  heavy  currents,  if  you  ex- 
pect it  to  keep  good  time. 

fail  to  read  regularly  at  least  one  good  engineer- 
ing paper. 

run  a  motor  or  generator  mitil  the  windings  get 

hot  enough  to  smoke. 

operate  transformers  without  having  the  second- 
ary windings  grounded. 

discharge  storage  batteries  too-  low,  and  don't  let] 

them  stand  when  discharged. 

install  conduit  without  grounding  it. 

leave  packing  boxes  and  other  inflannnable  ma- 
terials in  the  power  house. 

burn  the  contact  buttons  on  starting  boxes. 

use  brushes  that  are  not  proparly  fitted. 

use  both  hands  when  working  on  live  apparatus 

leave  joints  without  taping. 

fail  to  have  a  wiring  diagram  attached  to  each 

switcht)oard. 

run  a  belt  with  the  tight  side  on  top. 

run  a  motor  or  gejierator  with  a  loose  pulley. 

' use  pulleys  or  couplings  having  exposed  setscrew; 

or  bolts. 

neglect  to  fence  in  all  exposed  belts  and  shafting 

allow  dirt  and  oil  to  collect  on  the  windings  oi 

motors  and  generators. 

use  the  back  of  switchboards  as  clothes  racks. 

fail  to  treat  every  wire  as  though  it  were  alive 

until  you  have  determined  otherwise. 

stop  a  motor  without  seeing  that  the  rheostat  arn 

falls  back  to  the  starting  position. 

lean  against  machines  or  switchboards. 

open  a  main  feeder  .switch,  under  full  loail.  excepl 

in  the  case  of  an  emergency. 

fail  to  renew  the  oil  occasionally  in  the  bearingi 

of  motors  and  generators. 

use  a  rigid  coupling  where  a  flexible  one  can  b( 

used. 

connect  alternating-current  generators  in  i)aralle 

without  first  being  sure  they  are  in  synchronism. 

nm  a  motor  or  generator  with  loose  polepieces. 

fail  to  ground  liglitning  arresters. 

spill  oil  on  the  flooi'. 

store  gasoline  for  blow  torches  in  the  |)ower  sta 

tion. 

handle  the  blow  torch  carelessly  around  inflam 

mable  materials. 

neglect  to  remove  teuqiorary  wiring. 

use  copper  wire  to  replace  lilowu  fuses. 
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iiso  plugs,  for  series  arc  swilililmards  having  de- 
fective handles   or  frayed  leads. 

forget  that  500  volts,  or  less,  is  sometimes  fatal. 

run    a    motor    or    generator    which    is    vibrating 

badly. 

couple    two    machines    together    without   making 

sure  that  the  alignment  is  perfect. 

start  a  new  motor  for  the  first  time  without  mak- 
ing sure  that  the  armature  turns  freely. 

install  rheostats  and  other  sources  of  heat  witli- 

out  separating  them  from  inflammable  materials. 

use  wooden  switchboards. 

drive  nails  where  there  is  dangei'  of  Iheir  coming 

in  contact  with  concealed  wiring. 

put  telephone  or  other  signal  wires  aliove  power 

wires. 

cut  open  a  cable  and  leave  it  exposed  to  moisture. 

stop  a  motor  by  releasing  the  starting  rheostat 

arm,  without  having  first  opened  the  main  switch. 

-cut  the  strands  in  skinning  the  insulation  from 

lamp  cord. 

throw  a  switch  unless  you  know  positively  to  what 

circuit  it  is  connected. 

leave  oily  waste  in  any  ])lace  except  metal  waste 

cans. 

fail  to  use  the  proper  size  starting  rheostats  for 

nioloi's. 

allow  a  single-]ihase   iniluctioii  motor  to  run  on 

the  startir.g  winding. 

neglect  to  run  down  grounds,  and  remedy  them 

as  soon  as  they  show  up  on  the  gnmnd  detector. 

start   a  series  motor  without   first   making   sure 

that  it  is  properly  loaded,  to  hold  down  the  speed. 

forget  that  there  is  danger  of  injury  from  short- 
circuits  on  low-tension  wiring,  when  tools  are  handled 
carelessly  around  bare  contacts. 

fail  to  consult  the  nameplates  on  motors  and  gen- 
erators and  make  sure  of  having  the  proper  voltage,  be- 
fore putting  them  in  service. 

start  a  motor  by  throwing   in   the   main   switch, 

without  first  seeing  that  the  starting  rheostat  arm  is  in 
the  off  position. 

connect  different  makes  of  transformers  in  paral- 
lel without  first  making  sure  that  the  polarity  is  the  same 
in  both. 

open  the  field  switch  on  a  generator  with  the  re- 
sistance all  cut  out  of  the  control  rheostat. 

forget  that  there  is  always  a  possibility  of  low- 
voltage  wires  becoming  dangerous,  by  accidental  contact 
with  high-voltage  wires. 

Overhauling  a  Railway  Storage  Battery 

By  Ben  Dawson 

In  an  electric-railway  power  plant  with  which  the 
writer  is  connected,  there  is  a  storage  battery  consisting 
of  272  cells;  each  cell  contains  15  plates,  eight  negative 
and  seven  positives.  The  cells  are  arranged  in  four 
double  rows  of  34  each,  which  brings  all  the  cross-over 
connections  at  one  end  of  the  battery.  The  cells  are  con- 
nected by  a  permanent  pure  lead  busbar,  which  necessi- 
tates burning  all  the  plate  lugs  to  the  busbar.  The  bat- 
tery is  the  Plante  type. 

Recently    it    became    necessary    to    clean    136    cells, 


also  to  install  new  positive  plates  in  all  the 
cells  that  were  cleaned.  Since  the  battery  is 
used  to  help  out  on  the  railway  load  and  for  light- 
ing the  power  house  and  car  barn  after  the  cars  are  all 
in  for  the  night,  the  writer  had  to  adopt  the  sectional 
method  of  overhauling  the  battery,  so  as  to  least  interfere 
with  normal  service  conditions. 

Sections  of  12,  11  and  10  cells  were  worked  on  accord- 
ing to  the  position  and  finishing  of  each  double  row  of 
cells.  A  %-in.  hole  was  drilled  in  the  busbars  that  com- 
jjrised  the  terminals  of  each  section,  and  to  these  were 
fastened  a  dipped,  soldered,  copper  angle  busbar  to  which 
were  connected  the  discharging  cables,  section-jumjier 
cable  and  initial  charging  cables.  One  section  was  com- 
pletely overhauled  before  commencing  on  another ;  the 
section  first  being  discharged  through  a  grid  resistance 
switch  and  series-type  ammeter,  as  shown  in  Fig.  1. 

When  the  discharging  current  had  reached  a  low  point, 
the  discharging  cables  were  taken  from  the  section  ter- 
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Fig.  1.    UiscHARGixG  Section 

Fig.  2.  Stham-Siphox  Method  of  Cleaning  Cells 

minals.  The  section-jumper  ealde  was  connected  to  the 
section  terminals,  and  all  the  positive-plate  lugs  in  one 
cell  in.  the  section  were  severed  near  the  busbar  with  a  lug 
cutter.  This  opened  the  section  circuit  as  well  as  the 
whole  battery.  All  the  positive  plates  in  the  section  were 
then  cut  from  the  busbars,  taken  out  of  the  cells  and 
placed  in  a  plate  wagon  and  hauled  out  of  the  battery 
room.  The  old  separators  were  also  taken  out  of  the 
cells  and  discarded. 

Some  of  the  old  acid  was  saved  and  u.sed  in  the  hydro- 
gen-gas generator,  to  make  gas  for  burning  the  new  posi- 
tive plates.  The  negative  plates  were  scraped  with  a 
thin,  flat,  wooden  stick  to  remove  all  surplus  loose,  spongy 
lead.  The  positive  sides  of  the  lead  busbars  were  filed 
with  a  roughing  file  to  aid  in  lead  burning  the  new 
plates  to  them.  All  the  cells  were  cleaned  by  means  of  a 
steam  siphon  and  fresh  water  supplied  from  a  tank  on 
top  of  the  power  house.  The  steam-siphon  method  of 
cleaning  out  the  lead  mud  of  the  cells  is  shown  in  Fig. 
2.  In  this  case  approximately  130  lb.  steam  pressure 
was  used. 

The  purpose  of  the  barrel  was  to  collect  all  the  lead 
mud,  and  holes  were  drilled  near  the  top  to  allow  the 
water  to  drain  away  and  the  greater  part  of  the  lead  mud 
settled  to  the  bottom  of  the  barrel.  There  was  a  plenti- 
ful supply  of  fresh  water  and  a  pressure  sufficient  to 
stir  up  the  lead  mud  in  the  cells.  The  hose  that  con- 
nected  with   the   siphon   was   %-in.    rubber   steam   hose. 


POWER 


Vol.  38,  Xo.  24 


.  ..llicient  lecgth  to  reach  the  hottom  of  all  the  cells 
in  tlie  section.  The  water  hose  was  also  of  rubber  to 
withstand  the  action  of  the  acid.  After  all  the  lead  mud 
and  old  acid  had  been  cleaned  out,  the  negative  plates 
were  left  covered  with  fresh  water  over  night  and  siphoned 
out  the  next  morning. 

The  new  positive  plates  were  brushed  off  with  a  clean, 
soft  brush  to  remove  surplus  loose  lead  peroxide  and  dust 
previous  to  their  insertion  in  the  cells.  After  the  posi- 
tive plates  had  been  properly  spaced,  oiled  mild  steel  sub- 
burning  bars  were  placed  under  the  lead  busbars  and  over 
cross-cell  wooden  supporting  blocks  in  preparation  for 
lead  burning  the  positive-plate  lugs.  A  special  self- 
closing  burning  tong  sub-burning  bar,  and  plate  lug 
were  used  for  burning  in  the  plates  with  hydrogen  gas 
from  a  standard-type  gas  generator,  and  air  pressure  sup- 
plied from  a  pump  and  tank.  After  all  the  positive  plates 
of  the  section  had  been  burned,  enough  all-wood  sep- 
arators were  made  up  to  finish  a  section ;  these  were  thor- 
oughly washed  with  fresh  water,  and  allowed  to  drain 
before  being  inserted  between  the  plates  in  the  cells. 

During  the  process  of  putting  in  the  separators,  care 
was  taken  to  keep  all  dowels  in  line,  .starting  with  the 
first  separator  between  the  first  and  second  plates  near- 
est the  body,  and  using  a  good  strong  wood  stick  to  prop- 
erly space  and  straighten  the  plates  as  the  separators  were 
being  put  in  the  cells.  When  all  the  separators  of  the  sec- 
tion were  in  place,  the  section-cable  jumper  was  taken  off 
and  new  chemically  pure  sulphuric  acid  of  1.220  specific 
gravity  was  put  in  the  cells  sufficient  to  cover  all  the 
plates  about  one-half  inch.  The  batterj'  terminals  were 
disconnected  and  the  initial  charging  cables  connected 
to  the  section  terminals,  and  the  overhauled  section  put 
on  its  initial  charge. 

A  moderately  high  rate  of  charging  was  employed  in 
this  case,  owing  to  the  limited  time  and  conditions,  but 
the  initial  charge  was  not  stopped  until  the  specific  grav- 
ity of  all  the  cells  in  the  section  had  maintained  the  sam? 
readings  for  several  hours,  and  the  plates  were  in  a  safe 
condition  to  be  put  into  active  service.  At  this  juncture 
the  charging  cables  were  taken  off.  and  the  battery  ter- 
minals connected  so  that  the  whole  battery  was  ready  for 
night  service.  The  rest  of  the  sections  were  treated 
similarly. 
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High  Voltage 

Mr.  Stockwell's  letter  in  the  Xov.  11  issue  relative  to 
trouble  with  the  voltage  of  an  alternator  is  not  specific 
enough.  lie  mentions  that  the  plant  has  three  alternat- 
ing-current generators  and  that  two  of  these  machines 
show  a  voltage  of  3300  volts  while  the  third  registers  2350 
volts.  He  does  not  state,  however,  whether  or  not  the 
machines  were  operating  in  parallel  when  this  condition 
existed. 

Tf  they  are  in  parallel  on  the  same  busbars,  slowing 
down,  or  attempting  to  do  so,  on  one  machijie  only  re- 
duces the  load  taken  by  that  one  machine  and  transfers 
it  to  the  other  two.  This  increase  of  load  on  the  two 
machines  and  decrease  on  the  third,  tends  to  slow  down 
the  heavily  loaded  machines,   and  speed  tip  the  lightly 


loaded  machine.  This  action  will  tend  to  bring  the  ma- 
chines into  equilibrium  and  all  three  machines  will  run 
at  the  same  speed,  regardless  of  the  setting  of  the  in- 
dividual governors. 

Mr.  Stockwell  mentions  that  there  is  a  Terrill  regulator 
on  the  system.  If  the  machine  with  the  higher  voltage  is 
on  the  busbars  to  which  the  regulator  is  connected, 
changing  the  speed  or  the  field  current,  within  certain 
limits  will  not  affect  the  voltage,  as  the  Terrill  regulator 
tends  to  keep  the  voltage  constant  at  a  certain  value,  for 
which  the  regulator  is  adjusted. 

With  the  machines  in  parallel  the  adjustment  of  the 
rheostat  after  it  is  once  set,  should  not  be  tampered  with, 
as  this  affects  only  the  j)ower  factor  of  the  individual  ma- 
chine, causing  it  to  take  a  heavy,  lagging,  wattless  cur- 
rent. Adjustment  of  the  governor  of  the  machine  affects 
the  load  as  carried  by  this  machine. 

I  think  that  Mr.  Stockwell  will  find  that  either  the 
voltmeter-transformer  ratio  of  the  one  machine  is  differ- 
ent from  the  ratio  of  the  transformers  on  the  other  two 
machines,  or  that  his  voltmeters  need  recalibration.  There 
is  also  a  chance  that  the  resistance  of  the  leads  connecting 
the  transformers  of  the  2300-volt  machines  to  the  volt- 
meter may  be  great  enough  to  make  this  difference.  Two 
or  three  volts  drop  in  these  leads  would  be  sufficient  to 
make  a  50-volt  difference  on  the  voltmeter  scale. 

James  M.  Pcrcell. 

Richmond,  Va. 

Protecting  the  Lineman 

The  sketch  shown  herewith  is  of  an  arrangement  of 
switches  put  in  the  plant  to  protect  the  lineman  while 
trimming  the  arc  lamps.  Each  side  of  each  circuit  that 
leads  out  of  the  power  house  has  a  single-pole,  doulde- 


Grouxdixg  Switches  ox  Arc-Light  C'liiriiT 

throw  switch  in  it.  The  top  lug  is  connected  to  the 
wire  that  leads  from  the  arc-lamp  switchboard ;  the  wire 
that  leads  out  of  the  building  to  the  arc-lamp  circuit  is 
connected  to  the  middle  lug  and  the  wire  that  leads  to 
the  ground  is  connected  to  the  bottom  lug. 

When  the  lamps  are  in  service  the  switches  are  thrown 
up,  but  when  the  lineman  goes  out  to  work  on  the  line, 
the  switches  are  thrown  down  as  indicated  by  the  dotted 
lines;  this  grounds  both  sides  of  the  arc-lamp  circuit. 

This  arrangement  protects  the  lineman  from  any  shock 
either  static  or  high  tension.  Should  the  arc-circuit  line 
be  crossed  with  another  line  the  current  will  pass  to  the; 
ground  through  the  ground  switch  and  the  man  trim- 
ming the  arc  lamp  will  not  be  injured. 

We  use  two  switches  on  each  circuit,  so  that  if  the 
arc-lamp  circuit  should  be  open  at  any  place  each  side 
would  be  protected  by  the  ground. 

Yazoo  Citv,  Miss.  A.  G.  Vixsox.     ' 
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New  Process  of  Cleaning  Producer 
Gas 

A  decidedly  novel  niethod  of  cleaning  producer  gas  is 
described  in  a  paper  by  H.  F.  >Smith,  of  Lexington,  Ohio, 
which  was  presented  at  the  annual  meeting  of  the  Ameri- 
can Society  of  Mechanical  Engineers. 

Eeferring  to  the  illustration,  the  raw  iiroducer  gas  on 
leaving  the  producer  is  first  cooled  to  a  point  where  the 
tar  vapors  are  condensed  by  being  passed  through  a 
primary  cooler  or  condenser.  From  this  the  gas  is  car- 
ried into  an  ordinary  rotary  gas  pump  B  which  delivers 
the  gas  under  pressure  into  the  main  C ;  it  is  then  de- 
livered through  a  porous  dia])hragm  E  and  discharged 
from  there  into  the  main  F.  A  sump  or  separator  G  is 
j)rovided  in  which  the  tar  accumulates. 

The  structure  of  the  diaphragm  E  is  of  considerable 
importance,  for  the  successful  carrying  out  of  this  process 
and  the  materials  used  seem  to  have  an  important  bear- 
ing on  the  operation  of  the  equipment.  The  diaphragm 
must  be  sufficiently  porous  to  permit  the  gas  and  tar  to 
pass  freely ;  otherwise  it  will  soon  become  blocked  with 
deposits  from  the  gas  and  fail  to  operate.  Many  materials 
may  be  used  for  this  purpose,  but  at  present  spun  glass 
is  preferred.  The  density  of  the  diaphragm  can  be  regu- 
lated by  the  quantity  of  glass  used  and  by  the  degree  of 
compression  maintained  between  the  metal  screens.  Or- 
dinarily, the  thickness  of  this  diaphragm  is  about  14  in. 
The  diameter  must  be.  adjusted  in  accordance  with  the 
quantity  of  gas  to  be  treated.  Ordinarily  about  -iOO  cu.ft. 
per  hr.  can  be  handled  for  each  square  inch  of  diaphragm 
area. 

In  passing  the  diaphragm  an  important  change  in  the 
physical  state  of  the  tar  occurs.  On  the  entering  side 
the  tar  exists  in  a  large  number  of  minute  particles,  or- 
dinarily known  as  tar  fog.  In  passing  the  diaphragm 
these  particles  are  caused  to  coalesce  so  that  on  the  dis- 
charge side  the  tar  particles  are  relatively  large,  so  large 
in  fact  that  they  can  no  longer  be  carried  forward  in  the 
gas  current  and  immediately  separate  out  by  gravity.  All 
that  is  necessary  for  the  complete  separation  of  the  tar 
from  the  gas  is  to  provide  a  sump,  or  drip,  into  which  the 
precipitated  tar  can  drain. 

.It  appears  to  be  possible  to  secure  almost  any  desired 
degree  of  gas  cleanness  simply  by  regulating  the  pressure 
maintained  across  the  diaphragm.  In  ordinary  com- 
mercial operation,  it  is  found  that  a  difference  in  pres- 
sure of  from  21/2  to  4  lb.  will  give  a  degree  of  cleanness 
that  is  ample  for  any  commercial  requirement. 

At  low  velocities  the  gas  will  pass  through  the  porous 
diaphragm  without  any  apparent  alteration,  and  the  ef- 
fectiveness of  cleaning  is  directly  related  to  the  velocity 
of  flow.  For  example,  the  degree  of  cleanness  produced 
v/ith  the  velocity  of  flow  resulting  from  5  lb.  pressure  is 
very  much  greater  than  that  produced  by  the  velocity  of 
flow  resulting  from  1  lb.  pressure,  and  when  the  velocities 
are  as  low  as  those  produced  by  a  pressure  of  a  few  ounces 


only,  there  is  no  perceptible  change  in  the  tar  content  of 
the  gas  after  passing  through  the  diaphragm. 

No  water  is  used  in  connection  with  this  process  except 
that  required  to  cool  the  gas :  consequently  there  is  no 
production  of  tar  emulsion  and  the  water  flowing  from 
the  condenser  is  perfectly  clear.  The  tar  separated  by 
this  process  is  practically  water  free,  and  can  be  used  for 
any  purpose  to  which  coal  tar  is  adaptable. 

For  the  maintenance  of  continuous  operation  the  tar 
must  be  sufficiently  fluid  to  Dass  through  the  porous  dia- 
phragm without  creating  undue  resistance,  and  therefore 
it  is  necessary  to  maintain  the  temperature  of  the  gas 
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entering  the  diaphragm  at  a  point  that  will  reduce  the 
viscosity  of  the  tar  to  as  low  a  point  as  is  consistent  witli 
complete   condensation   of  the   tar  vapors. 

This  apparatus  would  not  be  well  suited  for  use  on  gas 
containing  large  quantities  of  lampblack  or  for  the  puri- 
fication of  gas  from  coals  yielding  very  heavy  viscous  tars. 
For  high-volatile  coals,  however,  such  as  are  found  in 
Ohio,  Indiana  and  Illinois,  and  for  lignite,  it  has  been 
found  in  practice  to  be  thoroughly  practical  and  effective. 

The  exact  method  by  which  this  tar  extractor  operates 
has  not  been  conclusively  demonstrated.  The  first  and 
most  obvious  theory  is  that  the  tar  particles  are  precipi- 
tated by  being  brought  into  direct  collision  with  the 
threads  or  filament  of  the  porous  diaphragm.  That  this 
does  not  constitute  a  complete  explanation  of  the  process 
is  indicated  by  the  fact  that  the  material  of  which  the 
porous  diaphragm  is  constructed  has  a  marked  bearing 
on  the  effectiveness  of  the  process  and  would  indicate 
some  action  other  than  simple  mechanical  collision.  For 
example,  if  the  porous  diaphragm  is  made  up  of  steel-wool 
instead  of  glass-wool  (the  physical  structure  of  the  dia- 
phragm being  as  nearly  as  possible  the  same  in  each  case) 
the  process  does  not  operate  with  anything  like  the  ef- 
fectiveness secured  with  glass-wool  diaphragms.  It  would 
seem  that  the  possibility  for  collision  would  be  the  same 
in  both  cases. 
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It  is  possible  that  in  addition  to  the  eflects  of  me- 
chauical  collision  there  may  be  an  electrical  attraction 
exerted  l)y  the  glass  fibers  constituting  the  porous  dia- 
phragm which  are  located  at  microscopic  distances  from 
each  other  and  which  are  undoubtedly  subjected  to  some 
electrification  from  friction  with  the  gas  currents.  If 
ihe  possibility  of  such  electrical  action  is  considered,  the 
increased  effectiveness  of  glass  as  compared  with  steel 
for  the  construction  of  the  porous  diaphragm  is  satis- 
factorily explained.  That  friction  of  this  nature  is  capable 
of  producing  electrical  disturbances  of  considerable  mag- 
nitude is  well  established. 

The  first  commercial  equipment  of  this  kind  has  now 
been  in  continuous  operation  for  approximately  IS 
months.  This  outfit  is  handling  gas  for  a  producer-gas 
power  plant  of  approximatel}^  1000  hp.  The  second  com- 
mercial equipment  is  handling  approximately  900  hp. 
producer  gas,  and  has  been  in  daily  service  for  approxi- 
mately 10  months.  The  largest  single  installation  is  an 
equipment  for  cleaning  200.000  cu.ft.  of  gas  per  hour. 

Suction-Producer  Operation 

By  (JiiOKCiE  W.  MUENCH 

In  the  July  1")  issue  there  appeared  an  article  by  the 
writer  on  lignite  producer  troubles,  commenting  on  the 
various  suction-producer  troubles  and  their  remedies. 
The  present  article  gives  a  general  outline  of  lignite  .suc- 
tion-producer operation  with  a  view  to  the  prevention  of 
the  commoner  troubles. 

The  producer  being  ready  for  operation,  the  first  pro- 
cedure is  to  start  the  fire.  Place  upon  the  grate  a  small 
quantity  of  oil-soaked  waste;  any  old  waste  which  is  or- 
dinarily thrown  away  will  do  for  this  purpose.  Then  on 
top  of  this  waste  should  be  placed  dry  shavings,  small 
pieces  of  wood,  or  any  other  dry  waste  material  that  col- 
lects around  a  plant.  This  should  extend  to  a  height  of 
about  2  ft.  above  the  grate.  If  the  wood  contains  con- 
siderable pitch,  not  so  much  need  be  put  into  the  pro- 
ducer. 

Before  lighting  the  fire  be  sure  that  the  vaporizer  con- 
tains water,  also  that  all  the  water  seals  are  filled.  In 
ease  the  gas  enters  the  scrubbers  before  escaping  through 
the  purge,  the  water  must  also  be  turned  on  the  scrubbers. 
The  purge  being  opened,  ignite  the  fuel  on  the  grate.  The 
ash  and  fire-doors  should  now  be  closed;  also  the  pipe 
supplying  moist  air  from  the  vaporizer  should  be  closed. 
The  blower  is  now  started.  In  some  installations  the  cen- 
trifugal scrubber  acts  as  a  blower,  drawing  air  through 
the  regular  air  intake,  and  to  hasten  the  fire  it  is  often 
helpful  to  open  the  poke  holes  near  the  level  of  the  grate. 

When  the  wood  is  burning  freely  fill  in  about  a  foot 
or  a  foot  and  a  half  of  coal.  As  soon  as  this  burns  freely 
the  producer  may  be  entirely  filled  with  coal.  The  blow- 
ing should  be  continued  for  some  time.  If  the  installa- 
tion has  a  test  cock  between  the  producer  and  the  purge 
pipe  the  gas  can  be  tested  frequently  and  as  soon  as  it 
burns  with  a  blue  flame  without  sputtering  it  can  be  led 
to  the  engine.  The  purge  at  the  engine  should  then  be 
opened  and  that  at  the  producer  closed,  the  gas  being  al- 
lowed to  escape  for  a  few  minutes,  so  that  ample  time  is 
allowed  for  all  the  apparatus  between  the  engine  and  the 
producer  to  be  filled  with  gas.  There  should  also  always 
be  a  test  cock  at  the  engine.  As  soon  as  the  gas  proves 
satisfactory  here  it  is  ready  for  use  in  the  engine. 


If  the  plant  operates  continuously,  that  is,  24  hr.  per 
day,  it  is  more  diflScult  to  prevent  weak  gas,  clinkering, 
engine  slow  downs,  etc.,  because  the  producer  fire  has  to 
be  worked  with  the  load  on  the  engine.  When  operating 
only  part  of  a  day,  8  or  10  hr.,  it  may  be  necessary  only 
to  work  the  producer  before  starting  in  the  morning,  or 
better  still  a  good  working  after  shutting  down  at  night, 
or  probably  both.  If  it  should  be  necessary  to  work  the 
fire  in  the  mean  time  it  might  be  done  at  the  noon  hour 
when  the  load  is  ordinarily  less.  To  get  the  most  effi- 
cient se^^■ice  the  operator  must  perform  the  various  op- 
erations carefully  and  so  far  as  possible  at  equal  intervals 
of  time,  and  in  the  same  regular  rotation.  It  is  hardly 
possible  to  give  an  operator  definite  directions  as  to  what 
method  is  best  suited  for  his  plant;  his  experience  must 
teach  him  this.  Neither  is  it  possible  to  tell  him  how 
much  time  he  may  safely  allow  for  these  various  opera- 
tions without  danger  of  letting  the  gas  become  too  weak. 
However,  the  work  should  always  be  done  as  rapidly  as 
possible,  as  an  excess  of  air  will  always  affect  the  steady 
running  of  the  engine. 

One  question  the  operator  will  ask  himself  many  times 
is :  "How  can  I  prevent  the  formation  of  clinkers?"  First 
of  all,  to  prevent  clinkering  and  to  keep  soft  those  clink- 
ers that  have  formed,  plenty  of  steam  must  be  admitted, 
yet  not  too  much,  for  it  will  cause  the  formation  of  too 
much  hydrogen  which  in  turn  causes  preignitiou  in  the 
engine,  one  of  the  most  serious  engine  troubles.  When 
operating  with  a  clinkering  coal  the  fire  must  be  worked 
oftener,  but  not  so  hard  each  time.  Keep  the  fuel  mov- 
ing, so  as  not  to  give  the  clinkers  much  chance  to  fuse 
to  the  fire-brick  lining.  Yet  one  must  not  work  the  fire 
too  often  as  that  will  cause  a  waste  of  fuel  and  usually 
a  weak  gas.  The  removal  of  clinkers  must  not  be  neg- 
lected, for  if  they  gather  on  the  walls  in  large  quantities 
it  will  mean  hard  work  to  get  them  out  without  drawing 
the  fire,  to  say  nothing  of  engine  shutdowns.  When  pok- 
ing from  the  top  to  loosen  clinkers  the  new  operator 
should  always  be  careful  not  to  jam  holes  in  the  fire- 
brick lining  instead  of  in  the  clinkers.  Holes  in  the  lin- 
ing are  excellent  places  for  the  formation  of  clinkers. 
Having  loosened  the  clinkers  from  above,  work  them 
down  to  the  grate  and  remove  them  from  below  by  work- 
ing through  the  poke  holes  at  the  grate.  It  has  been  the 
writer's  experience  that  the  less  the  fire  is  poked  from  the 
top  the  better.  When  the  producer  is  operating  properly 
there  is  really  no  reason  why  it  should  be  ])oked  from 
the  top  and  if  rocking  grates  are  installed  there  need  be 
no  poking  from  below  except  when  troubled  with  clinkers. 
Do  not  disturb  the  fire  any  more  than  necessary,  and  the 
result  will  be  economical  operation. 

Ashes  can  be  removed  from  the  ashpit  whenever  the 
operator  finds  time.  Remove  the  ashes  as  rapidly  as  pos- 
sible, to  prevent  much  air  from  entering  through  the  nsh 
door.  Of  course,  when  the  ashpit  consists  of  a  water  s  'al 
the  removal  of  ashes  is  made  easier,  because  no  air  can 
enter  providing  the  seal  is  kept  filled  while  raking  out 
the  ashes. 

Directions  for  producer  cleaning  sometimes  recom- 
mend first  filling  the  producer  with  fresh  fuel.  In  the 
writei-'s  opinion  this  is  not  best,  for  clinkers,  if  present, 
are  harder  to  work  through  the  bed  after  charging.  Also 
if  holes  have  been  formed,  the  fresh  fuel,  especially  if  pea 
size,  will  find  its  way  into  the  lower  zones  and  into  the 
ash  and  will   be  removed  from  the   grate   before   being 
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thoroughly  luinu'd.  I5y  working  the  fire  first  and  gottiiig 
it  into  gootl  condition  and  then  adding  tiie  fresh  fuel  it 
need  not  be  disturbed  again.  Of  course,  enough  fresh  fuel 
should  always  be  present  to  supj)ly  the  necessary  amount 
of  gas.  In  case  the  fuel  bed  is  exceptionally  low  it  may  be 
well  to  add  some  fresh  coal  before  working  the  fire  and 
then  finish  charging  the  fire  after  having  worked  the  pro- 
ducer. 

Tlie  lignite  producer  trouble  most  feared  is  tar.  With 
present-day  washing  apparatus,  however,  there  need  be 
little  tar  trouble.  If  the  installation  is  what  it  should  be 
it  is  up  to  the  operator  to  get  clean  gas  at  the  engine. 
With  a  down-draft  producer  the  gas  washers  need  not  be 
of  the  same  degree  of  efficiency  as  with  the  updraft,  as 
much  of  the  volatile  matter  gases  in  the  hot  zone  of  the 
fuel  bed. 

About  two  gallons  of  water  per  horsepower  per  hour 
is  the  least  that  should  be  used  for  thoroughly  cleaning 
the  gas.  The  speed  of  rotary  washers  is  of  great  import- 
ance, the  higher  the  better,  and  it  should  be  at  least 
1000  r.p.m.  The  writer  recalls  a  plant  where  tar  was 
causing  trouble.  By  increasing  the  speed  of  the  centrifu- 
gal washer  from  900  to  1250  r.p.m.,  the  trouble  was 
remedied.  Centrifugal  washers  are  equipped  with  screens, 
and  broken  screens  often  cause  inefficient  operation  of  the 
washer. 

AVhen  a  plant  is  o]3erated  only  during  the  daytime  and 
shut  down  every  night  some  operations  necessary  for  put- 
ting the  plant  in  condition  for  the  night  are  of  import- 
ance. The  engine  is  stopped  by  closing  the  gas  valve  and 
opening  the  switch  in  the  ignition  circuit.  Immediately 
the  purge  at  the  engine  should  be  opened  to  provide  an 
escape  for  the  gas,  as  the  gas  continues  to  be  formed  in 
the  producer  for  a  short  time  after  the  engine  has  been 
shut  down.  Next  open  the  purge  at  the  producer  and 
shut  off  the  air  and  steam ;  shut  off  the  water  supply  to 
the  scrubbers.  Experience  will  soon  tell  the  operator  how 
much  opening  of  the  air  valve  on  the  producer  is  neces- 
sary for  sufficient  draft  to  keep  the  fire  alive  over  night, 
yet  not  cause  waste  of  fuel.  Having  worked  the  fire, 
removed  the  ashes  and  charged  the  producer,  the  plant 
is  ready  for  the  night.  The  engine  requires  no  attention 
other  than  shutting  off  the  cooling  water  and  oil.  It  is 
also  well  to  put  the  engine  in  starting  position,  so  all 
will  be  ready  in  the  morning. 

To  start  the  next  morning  remove  the  ashes  from  the 
grate ;  if  necessary  work  the  fire  and  charge  the  producer. 
Having  started  the  blower  turn  the  water  on  the  scrub- 
bers. Blow  up  the  fire  for  a  few  minutes  and  purge  at 
the  engine  mitil  ready  for  \ise. 

It  becomes  necessary  occasionally  to  clean  the  scrub- 
bers and  pipe  lines.  The  doors  on  the  scrubbers  should 
be  opened  to  allow  the  gas  to  escape ;  this  may  take  an 
hour  or  more;  then  the  coke  or  laths,  whichever  is  used, 
may  be  removed.  When  replacing  the  coke  after  having 
cleaned  the  scrubber,  care  should  be  taken  not  to  break  it. 
The  coke  in  the  bottom  of  the  scrubber  should  be  from 
3  to  4  in.  in  size,  and  at  the  top  not  smaller  than  II/2  to 
2  in. 

Many  plants  are  now  using  centrifugal  washers.  Steam 
can  be  used  to  good  advantage  for  cleaning  a  centrifugal 
washer,  and  the  screens  in  this  type  must  be  kept  clean 
tn  insure  its  efficient  operation. 

Tf  properly  installed  the  pipes  can  be  readily  cleaned 
without  removing  any  sections.     All  bends  should  have 


tecs  or  crosses  with  blank  flanges.  By  removing  these 
blank  flanges  the  pipes  can  be  cleaned  very  readily.  Also 
steam,  if  it  is  to  be  had,  comes  in  very  handy  for  thin- 
ning the  tar  in  ])ipes,  and  with  a  slight  dip  toward  tlie 
producer  nuu'h  of  the  tar  will  run  out  and  thus  save 
considerable  labor. 

It  is  always  well  to  attend  to  all  cleaning  in  the  day- 
time, so  that  it  will  not  be  necessary  to  use  a  light,  as 
more  or  less  gas  may  be  in  the  apparatus  and  cause  an 
explosion.  It  is  also  advisable  to  have  more  than  one 
person  present  while  cleaning  is  being  done.  The  op- 
erator should  always  bear  in  mind  that  the  gas  is  very 
poisonous  and  if  breathed  in  any  quantity  will  cause 
violent  headaches,  and  sometimes  unconsciousness  or  even 
death. 

Broken  Crankshaft 

The  accompanying  sketch  shows  how  the  crankshaft  of 
a  two-cylinder  gas  engine  was  broken  in  a  small  electric- 
light  plant  near  here.  This  is  a  mixed  plant  consisting 
of  a  100-hp.  steam  turbine  direct-connected  to  a  7.5-kw. 
generator  and  an  85-hp.  gas  engine  belted  to  a  50-kw. 
generator. 

The  gas  engine  was  running  on  vei-y  light  load,  in 
fact,  almost  idle,  as  it  was  Sunday  morning.  The  engi- 
neer had  just  stci)pc(l  out  into  the  boiler  room  when  he 
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hcai'd  a  heavy  pounding  in  the  engine  room,  and  rushing 
in  saw  the  idle  flywheel  on  the  gas  engine  wabbling.  He 
displayed  presence  of  mind  in  shutting  down  the  engine 
as  he  had  to  pass  directly  in  the  path  of  the  flywheel  in 
doing  so,  and  a  few  more  revolutions  would  undoubtedly 
have  caused  it  to  part  company  with  the  engine  vvit!'  "'«- 
astrous  results. 

An  investigation  showed  the  shaft  to  be  broken  off  as 
indicated  at  .-I;  the  bedplate  was  cracked  in  two  places, 
at  B  and  C.  Both  cracks  and  the  break  in  the  shaft  were 
new. 

The  cause  of  the  accident  is  not  known,  although  it  is 
possible  that  the  bearings  were  out  of  line,  caused  by 
bearing  No.  1  getting  liot  at  some  previous  time  and  some 
of  the  babbitt  being  wiped  out. 

M.  W.  Utz. 

Minster,  Ohio. 

DixplaceM  Steam — It  is  stated  on  good  authority  that  a  70- 
foot  all-steel  grasoline  electric  car,  costing  approximately 
$40,000.  has  been  put  in  operation  between  Jackson  and 
Columbia,  Misissippi.  by  the  New  Orleans  &  Great  Northern 
R.R.  and  made  its  first  trip  recently,  displacing  the  steam 
train  that  has  heretofore  run  over  that  road.  The  car  in 
question  has  a  seating  capacity  of  85  people,  and  a  11-ft.  com- 
partment for  baggage.  The  manufacturers  guarantee  that  it 
will  make  60  miles  an  hour  hauling  two  trailers.  It  is  said 
that  this  is  the  first  gasoline  electric  car  ever  put  into 
service  by   a  Mississippi   railroad. 
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Setting  Expansion  Valves 


By  Thomas  U.  Thchston 


Setting  the  expansiou  valves  on  a  large  sj'stem  with  a 
miiiiber  of  valves  is  the  most  important  part  of  the  re- 
J'rigeratiug  engineer's  daily  routine.  This  is  esiJeeially 
true  in  a  direct-expansion  system. 

In  setting  the  expansiou  valves  two  factors  are  to  be 
considered ;  the  expansion  coils  and  the  machine  working 
on  them.  To  secure  maximum  efficiency  from  the  ex- 
pansion coils  the  whole  length  of  the  coils  should  be 
used  for  evaporation.  Whatever  portion  of  the  coils  is 
used  for  superheating  the  vajjor  after  it  has  been  evap- 
orated is  of  little  use  as  far  as  refrigerating  elJect  is 
concerned.  This  can  be  readily  seen  when  one  remembers 
that  it  takes,  at  15  lb.  suction  pressure,  approximately  572 
heat  units  to  evaporate  1  lb.  of  liquid,  while  one  heat 
unit  will  raise  the  temperature  of  1  lb.  of  vapor  approxi- 
mately 2  deg.  As  the  temperature  difference  between  the 
evaporating  ammonia  and  the  outside  of  the  coil  is  seldom 
over  15  or  20  deg.,  it  will  only  take  from  8  to  10  heat 
units  to  bring  the  temperature  of  the  vapor  up  to  the 
outside  temperature.  Also,  while  the  temperature  range, 
and  consequently  the  rate  of  heat  transmission  is  gradual- 
ly decreasing  while  the  gas  is  being  superheated,  it  re- 
mains constant  and  maximum  while  the  liquid  is  being 
evaporated. 

It  is  of  prime  importance  then  to  have  the  whole  length 
of  the  coil  in  contact  with  ammonia  liquid  or  wet  vapor. 
If  more  liquid  is  fed  to  the  coil  than  can  be  evaporated 
it  makes  no  particular  difference  as  far  as  the  coil  is 
concerned,  it  would  simply  escape  from  the  end  of  the 
coil  into  the  suction  line.  This,  however,  would  more 
than  likely  cause  disaster  at  the  machine.  Taking  the 
machine  and  coils  both  in  consideration  the  maximum 
capacity  is  obtained  if  the  vapor  leaves  the  coils  in  a  satu- 
rated state  with  no  entrained  liquid.  In  this  case  the 
coils  will  work  at  maximum  efficiency,  there  will  be  little 
heat  taken  up  while  the  vapor  is  passing  through  the  suc- 
tion line  from  the  coils  to  the  compressor,  and  the  vapor 
will  arrive  at  the  machine  in  a  condition  favorable  for 
most  efficient  operation.  If  the  vapor  should  be  super- 
heated before  lea\'ing  the  coils,  it  will  superheat  more  in 
the  suction  line.  The  vapor  will  expand  and  less  ammonia 
will  be  handled  per  stroke  of  the  compressor,  thus  cutting 
do^vn  its  capacity.  On  the  other  hand,  if  liqiiid  am- 
monia is  carried  with  the  STiction  vapor  from  the  coils,  it 
will  evaporate  either  in  the  suction  line  or  in  the  ma- 
chine, without  doing  useful  work  in  the  refrigerator,  and 
the  efficiency  of  the  plant  is  cut  down. 

The  problem  is  then  to  set  the  expansion  valves  so 
that  the  coils  will  get  all  the  liquid  they  will  evaporate 
and  no  more.  This  is  not  so  hard  to  determ-ine  where  a 
cooler  with  a  single-expansion  valve  is  used  and  ther- 
mometers are  placed  in  the  suction  line  to  the  compressor. 
The  expansion  valve  is  adjusted  until  the  suction  vapor 
is  1  or  2  deg.  higher  in  temperature  than  the  saturated 
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vapor  at  the  suction  pressure  at  which  the  machine  is 
0])erated. 

"When  the  valves  and  coils  are  multiplied  the  trouble 
begins.  How  is  the  operator  going  to  determine  when 
each  coil  is  getting  just  what  it  will  evaporate  and  no 
more?  This  is  a  hard  problem  and  is  never  mastered  un- 
til the  operator  is  thoroughly  familiar  with  the  peculiar- 
ities of  each  individual  expansion  valve.  An  expansion 
valve  is  seldom  opened  more  than  from  a  quarter  to  half 
a  turn  of  the  wheel.  Now  a  quarter  of  a  turn  on  a  valve 
with  quite  a  little  lost  motion  will  probably  only  crack 
it  off  the  seat.  If  the  valve  has  no  loose  connections  it 
will  open  it  quite  a  little.  Again,  the  condition  of  the 
valve  and  seat  may  make  a  difference. 

In  most  of  the  older  plants  the  engineer  judges  the 
working  of  the  system  by  the  frost  on  the  machine.  Tak- 
ing this  point  alone  into  consideration  may  be  mislead- 
ing as  a  thermometer  in  the  suction  line  when  there  are 
a  number  of  expansion  valves.  It  is  possible  to  get  the 
proper  temperature  of  vapor  or  the  right  frost  at  the  nui- 
chine  with  only  a  few  out  of  a  number  of  coils  working 
properly.  To  illustrate  I  can  remember  one  case  where 
we  were  running  three  machines  together  on  four  differ- 
ent brine  tanks.  As  the  frost  began  to  come  off  the  ma- 
chines I  went  over  and  opened  iip  the  expansion  valves 
on  the  two  nearest  tanks  which  seemed  to  be  a  little  short 
of  ammonia.  When  I  came  back  to  the  engine  room  I 
was  surprised  to  find  the  frost  leaving  the  machines  at 
a  still  greater  rate  than  before.  I  looked  at  the  thermom- 
eter in  the  suction  line  of  one  of  the  machines  and  found 
the  temperature  had  risen  about  10  deg.  I  hurried  back 
to  the  tanks  and  opened  the  valves  a  little  more  without 
results.  The  next  time  I  opened  the  valves  quite  a  lit- 
tle more  and  I  found  the  temperature  of  the  gas  coming- 
down,  but  I  still  had  to  open  up  a  little  more  to  get  them 
just  right. 

Another  case  was  that  of  a  small  machine  running  on 
a  direct-expansion  system  in  a  number  of  freezers.  The 
first  day  I  operated  this  machine  it  nearly  drove  me  wild. 
I  kept  trotting  between  the  freezers  and  the  engine  room 
nearly  all  day.  The  machine  started  to  get  a  little  too 
cold  to  begin  with  so  I  went  up  to  the  freezers  and  shut 
off  the  expansion  valves  a  little.  "Wlien  I  came  back  to  the 
engine  room  the  head  pressure  was  nearly  np  to  where  the 
relief  valves  would  blow  and  the  machine  was  just  as  cold 
as  ever.  In  my  anxiety  to  get  the  head  pressure  down  I 
hurried  back  to  the  freezers  and  opened  a  few  of  the  ex- 
pansion valves  quite  a  little.  When  I  came  back  to  the 
engine  room  I  found  the  head  pressure  down  and  the  ma 
chine  warming  up.  It  was  not  long  before  the  machine 
was  running  too  warm,  so  back  I  went  to  the  freezers 
and  opened  the  valves  a  little  more.  This  made  matters 
worse,  so  I  had  to  repeat  the  perfonnance.  This  hap- 
pened several  times  during  the  day. 

The  trouble  in  both  cases  was  the  same.  Some  of  the 
valves  had  been  opened  too  much  and  some  not  enough. 
In  the  first  case  T  had  opened  the  valves  too  much  on 
two  of  the  tanks  and  not  enousrh  on  the  other.     The  net 
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'  result  was  satisfactory  as  far  as  suctioii-^'as  temperature 
aii([  the  frost  on  the  inachiiie  was  concerned,  the  extra 
amount  fed  throu.^h  the  \al\es  du  two  of  the  tanks  cooling 
the  superheated  gas  from  the  other  two  tanks  to  the 
proper  temperature. 

In  the  second  case,  with  the  direct-e.\pansion  ma- 
(•liiiii',  tlic  \al\('s  wci-c  (i|icu  very  little  and  foreign  mattei- 
wuiikl  clog  them.  W'lien  the  valves  clogged  the  liquid 
naturally  crowed  through,  the  valves  remaining  open,  and 
one  or  two  of  these  most  likely  had  heen  opened  too  wide 
in  the  first  place.  The  I'osult  was  that  the  machine  froze 
up.  When  I  sliut  otl  the  valves  still  more  it  simply  ag- 
gravated matters,  because  this  cut  down  the  flow  through 
all  the  valves  remaining  clear,  running  up  the  head  pres- 
sure and  forcing  a  still  larger  proportion  through  the 
valve  that  was  open  widest.  On  the  ne.xt  trial  I  happened 
to  open  the  valves  that  were  clogged.  This  reduced  the 
head  pressure,  ciil  down  tlie  feed  on  the  coils  causing  the 
fronble  and  the  superheated  gas  from  the  coils  on  which 
1  had  just  opened  the  valves  neutral ixed  whatever  excess 
was  fed  through  the  otlic  r  coils. 

In  both  of  these  casts  1  liad  overlooked  two  important 
]>iiints,  the  suction  pressure  and  the  appearance  of  the 
suction  valves  on  each  individual  coil.  In  either  case  the 
suction  pressure  would  have  been  below  normal,  and  the 
suction  valves  on  the  coils  getting  too  much  liquid  would 
be  frosting  heavily  wjiile  those  that  were  not  getting 
eiinugh  would  show  little  fmst  or  most  likelv  he  thawing 
<dr. 

Tlie  suction  ])ressui'e  in  connection  with  the  tempera- 
tui'e  of  the  suction  gas  or  frost  on  the  machine  is  one  of 
the  best  indications  of  the  working  of  the  system,  but 
gives  no  basis  on  which  to  judge  of  the  working  of  the  in- 
dividual coils.  This  can  be  determined  only  by  observa- 
ti(in,  study  and  experiment.  The  sound  made  by  the 
licpnd  passing  through  the  exjiansion  valve,  the  appear- 
ance of  the  frost  on  the  expansion  and  suction  valves, 
the  appearance  of  tlic  coils  themselves  in  direct-expansion 
work,  with  the  tepiperature  variation  as  indicated  by  the 
thermometei's,  wdiere  the  coils  are  working  in  separate 
rooms,  are  all  good  indications  of  the  working  of  the  coils. 
If  an  expansion  valve  sounds  "dead"  or  gives  no  sound 
and  the  corresponding  suction  valve  is  thawing  off,  it  will 
be  known  that  the  feed  is  stopped  on  the  coil.  If  the  ex- 
pansion valve  sounds  all  right,  but  the  suction  valve  is 
thawing  off  while  all  the  others  are  frosted  it  indicates 
too  light  a  feed  on  the  one  valve.  If  in  a  freezer  it  is 
found  that  the  temperature  has  gone  up  or  has  remained 
stationary  when  no  additional  stock  has  been  stored,  the 
coil  is  not  getting  as  much  ammonia  as  it  should  and  the 
expansion  valve  should  be  opened  wider.  The  action  of  a 
coil  can  be  Judged  approximately  by  the  way  a  moistened 
finger  sticks  to  it.  If  the  whole  length  of  the  coil  is 
evaporating  liquid  ammonia  the  finger  will  stick  all  the 
way  along  to  the  suction  valve.  If  only  a  small  part  of 
the  coil  is  evaporating  liquid  there  will  be  quite  a  little 
difference  between  the  way  the  finger  sticks  at  the  part 
in  which  the  liquid  evaporates  and  where  only  vapor  is  in 
contact  with  the  coil.  Along  the  vapor  section  most  likely 
the  finger  will  not  stick  at  all,  this  depending  on  the  tem- 
perature of  the  room. 

On  the  other  hand,  if  the  machine  starts  to  freeze  up 
and  it  is  found  that  one  room  has  dropped  several  de- 
grees while  tlie  others  have  remained  normal,  and  it  is 
evident  that  the  coil  is  evaporating  liquid  all  the  way  to 


the  suction  valve,  this  coil  is  without  doulil  llie  cause  of 
the  trouble,  and  the  feed  should  be  checked  accordingly. 
Sometimes,  however,  it  is  necessary  to  experiment  with 
several  expansion  valves  before  locating  the  trouble. 

Care  should  be  taken  not  to  open  the  expansion  valves 
Inn  wide.  This  can  he  done  when  the  system  is  short  of 
iiiimionia.  In  such  ;i  .  asi'  vapor  blows  through  with  the 
hquid.  This  is  indicated  by  the  frost  disappearing  from 
I  lie  expansion  valves,  and  if  the  valves  are  opened  still 
more  the  expansion  valves,  liquid  header  and  sometim.'s 
the  liquid  line  for  quite  a  distance  will  all  become  froslcd. 
The  obvious  remedy  is  to  charge  more  ammonia  into  the 
system,  but  if  this  cannot  be  done  at  the  time,  the  ex- 
pansion valves  should  lie  closed  enough  to  remove  the 
frost  on  the  high-pressure  side  of  the  valves. 

One  point  to  remember  is,  that  the  valves  at  the  eml 
of  the  liquid  header  farthest  from  the  supply  will  feed 
faster  than  tlidsc  iicarci-  to  it,  especially  if  the  header  is 
long,  the  sii]i|ily  ;\i  one  end  and  the  ammonia  feeding 
through  fasl.  This  is  due  to  the  velocity  of  the  moving 
volume  of  liquid  ami  also  to  the  fact  that  the  valves  near- 
est the  sujiply  will  get  most  of  the  vapor  carried  witii 
the  liquid.  Consequently,  these  valves  must  generally  he 
opened  more  to  feed  the  same  amount  of  liquid  as  those 
farther  back. 

For  the  best  economy  carry  the  highest  suction  pres- 
sure possible,  with  the  pi'oper  temperature  of  the  suctinii 
vapor.  To  determine  this,  experiment  with  the  expansion 
valves,  noticing  the  effect  on  the  suction-gas  temperature 
of  each  individual  valve.  When  the  proper  point  is  found 
for  the  existing  conditions,  the  suction-pressui'c  t'-\":  •  and 
the  suction-gas  thermometer  or  the  frost  mi  llie  ma- 
chine will  indicate  any  defective  working  of  the  coils. 


Pipe-Line  Refrigeration 

With  the  recent  ailvaiicenient  that  has  liecn  made  along 
refrigerating  lines  it  appears  that  the  subject  of  pipe-line 
refrigeration  has  not  received  the  attention  that  it  de- 
serves. Though  in  use  for  a  number  of  years  in  some  of 
the  large  cities  in  the  United  States,  such  iifstallations 
are  more  or  less  foreign  to  the  average  refrigerating  en- 
gineer. Nearly  every  city  or  hamlet  in  the  country  has 
its  ice  plant  and  a  desirable  location  for  a  new  installa- 
tion is  difficult  to  find.  There  is,  however,  an  unlimited 
field  for  pipe  lines  and  if  pushed  in  the  future  like  ice 
plants  in  the  present  and  past,  there  would  be  a  vast 
amount  of  work  for  all  builders  of  refrigerating  ma- 
chinery. On  the  above  subject,  G.  F.  Bein  read  an  in- 
teresting paper  before  the  Third  International  Congress 
of  Refrigeration.  His  experience  and,  therefore,  his  re- 
marks were  limited  to  the  direct-expansion  system. 

One  of  the  principal  annoyances  appears  to  be  the  ex- 
cessive use  of  ammonia.  No  matter  how  carefullv  the 
line  was  watched  the  ammonia  would  get  aw^ay.  In  the 
five  years  that  Mr.  Bein  served  as  master  mechanic  and 
superintendent  of  the  system  an  average  of  about  20,00(1 
lb.  of  ammonia  per  year  was  used.  During  this  time, 
there  had  been  several  accidents.  Twice  there  was  a 
rupture  in  the  line  and  once  the  baffles  in  the  cooling 
tower  let  go  and  crashed  through  the  roof  and  on  top 
of  the  ammonia  condensers.  As  nearly  as  could  be  esti- 
mated at  the  time  the  loss  of  the  ammonia  in  each  case 
amounted  to  about  $4000.     Under  regular  operating  con- 
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ditions  probably  from  16,000  to  17,000  lb.  of  ammonia 
were  used  per  year.  This  i.s  probably  not  excessive,  eon- 
.sideriiig  the  length  of  the  mains,  as  there  were  between 
three  and  four  miles  of  trunk  lines  and  a  mile  or  more 
of  laterals. 

Large  losses  are  apt  to  occur  as  the  mains  are  all  un- 
derground in  a  conduit  and  a  leak  is  hai'd  to  locate.  There 
is  more  or  less  water  in  the  conduit  in  low  places  which 
acts  as  a  natural  absorber  of  ammonia  and  even  after  the 
leak  is  stopped  the  weak  solution  of  aqua  gives  up  a 
strong  odor. 

The  greatest  trouble  usually  exists  in  the  manholes, 
where  the  valves  and  expansion  joints  are  located.  .Vny 
material  change  in  pressure  or  temperature  due  to  a 
shutdown  or  heavy  frosting  out  will  usually  start  a  num- 
ber of  leaks.  The  danger  of  fire,  particularly  if  it  oc- 
curs at  night,  is  always  a  source  of  trouble.  Every  cus- 
tomer has  a  stop  box  at  the  curb,  where  it  is  possible  to 
shut  off  the  ammonia,  but  at  times  the  fire  has  a  good 
start  before  it  is  discovered  and  a  falling  wall  may  rupture 
a  line  and,  perhaps,  waste  the  greatest  part  of  the  charge. 

A  condition  seldom  met  with  in  any  other  refrigerating 
system  is  the  highly  superheated  condition  of  the  return 
vapor.  This  is  governed  by  the  climatic  conditions.  In 
hot  weather  the  return  vapor  will  rise  to  75  and  80  deg., 
owing  to  the  temperature  of  the  ground.  From  mercury 
wells  placed  in  the  lines  regular  readings  were  taken  and 
it  was  found  that  when  the  return  gas  was  most  highly 
superheated,  the  best  work  was  being  done  on  the  line. 

The  theory  advanced  for  the  heavy  ammonia  losses  was 
the  decomposition  of  the  high-temperature  gas,  but  if 
such  is  the  case  it  would  be  interesting  to  know  what 
becomes  of  the  foreign  gas,  for  seldom,  if  ever,  was  there 
any  purging.  In  the  opinion  of  Mr.  Bein  the  line  losses 
amounted  to  about  50  per  cent.,  but,  on  the  other  hand, 
there  was  a  decided  gain  on  the  outgoing  liquor,  as  it 
usually  left  the  plant  at  from  90  to  95  deg.,  but  was  de- 
livered at  the  expansion  valves  at  75  to  80  deg.,  or  about 
ground  temperature. 

Another  annoyance  is  the  meddlesome  customer,  who 
usually  thinks  that  if  a  little  is  good,  more  is  better,  and 
frequently  helps  himself  to  a  few  full  turns  of  the  expan- 
sion valve.  This  was  obviated  by  taking  the  handling  of 
the  valves  out  of  the  customer.?'  hands  and  protecting  the 
wheels  with  lock  shields. 

Several  creameries  were  operated  on  the  brine  system, 
and  the  good  satisfaction  these  systems  gave  led  to  a 
consideration  of  a  pipe-line  system  operated  with  brine. 
Then,  at  least,  there  would  be  some  chance  to  detect  the 
leaks  and  stop  the  los.ses.  The  brine  system,  however, 
also  has  its  objectionable  features,  as  there  is  a  loss  both 
coming  and  going,  while  on  the  direct-expansion  system, 
as  already  stated,  there  is  a  material  gain  on  the  liquor 
leaving  the  plant.  It  also  requires  cumbersome  auxiliaries 
in  the  form  of  circulating  pumps;  but  this  is  more  than 
ofEset  by  the  fact  that  all  of  the  ammonia  is  under  im- 
mediate control  at  the  power  plant,  and  that  the  storage 
of  outsiders'  goods,  as  well  as  the  opening  of  doors  or 
burning  of  lights  is  recorded  on  24-hr.  charts. 

One  of  the  great  advantages  of  the  brine  system  would 
be  the  ease  with  which  connections  could  be  made  into 
the  mains  for  new  or  prospective  customers.  In  the  first 
place  the  entire  system  should  be  in  the  form  of  a  loop, 
then  by  closing  the  valves  at  the  street  intersections,  the 
coniiections  could  be  made  with  scarcely  any  loss  of  brine. 


while  in  the  direct  system  it  often  requires  a  half  day  to 
jnimp  out,  and  then  if  the  valves  are  leaky  or  the  system 
is  more  or  less  foul  with  oil,  it  cannot  be  fully  accom- 
plished and  connections  are  often  made  under  partial 
pressure.    The  result  can  be  readily  imagined. 

The  question  of  fixing  rates  and  insulation  together 
with  the  above  troubles  are  the  principal  objectionable  fea- 
tures connected  with  pipe-line  refrigeration,  and  if  they 
can  in  a  rheasure  be  overcome,  there  is  no  reason  why 
nearly  every  city  of  any  size  cannot  add  refrigeration  to 
its  other  utilities. 

Electric-Pump  Control  for  Liquid 
Receiver 

In  a  certain  cold-storage  plant  there  is  an  ammonia 
separator  in  the  main  suction  line,  so  that  no  liquid  can 
get  into  the  compressor.  The  liquid  from  this  separator 
is  drained  into  a  receiver  made  of  15-in.  pipe  6  ft.  long. 
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Spaek  Plug  as  Insulated  Elixtric  Coxtact  for 
Liquid  Receiver 

An  electrically  operated  pump  was  desired  so  that  when 
the  liquid  in  the  receiver  reached  a  certain  level  the 
pump  would  operate  and  pump  the  liquid  into  the  main 
receiver  where  the  pressure  was  185  lb.  as  against  15  lb. 
in  the  receiver  placed  in  the  suction  line.  The  conditions 
required  a  contact  wire  that  would  be  insulated  from  the 
receiver  and  extend  down  into  the  receiver  so  that  when 
the  liquid  had  risen  to  a  certain  point  the  liquid,  contact 
wire,  and  the  iron  receiver  itself  would  make  a  closed 
circuit.  As  a  means  to  this  end  I  utilized  the  ordinary 
automobile  spark  plug  shown  in  the  sketch  as  being  the 
simplest,  cheapest  and  most  satisfactory  method.  This 
arrangement  operated  through  a  solenoid  switch  which 
cut  in  the  pump  motor. 

Robert  S.  Wheaton. 
Milwaukee,  Wis. 
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Conservation  of  Water  Powers 

Gillord  I'iiK'hot  and  his  followers  in  the  foiiservation 
iiiovemejit  demand  that  there  shall  lie  no  perpetual  grants 
(jf  power  sites,  and  that  the  government  shall,  by  regula- 
tion of  rates  and  charges,  share  in  the  profits  of  all 
power  plants  built  on  navigable  streams  or  in  the  public 
domain.  Opponents  of  this  policy  assert  that  such  re- 
f-t.riction  and  regulation  will  drive  capital  away  from 
investment  in  water-power  enterprises.  The  "Pinchotites" 
regard  the  tendency  toward  private  monopoly  of  water 
oower  as  a  serious  menace,  which  if  uncontrolled  is  likely 
to  make  the  whole  country  under  tribute  to  a  water-power 
trust.  The  opponents  scoff  at  the  menace  of  monopoly, 
and  say  that  development  of  water  power  to  save  coal  and 
other  fuel,  is  of  higher  importance  than  the  matter  of 
regulating  rates  or  preventing  monopoly. 

TJie  Pinchot  faction  points  to  the  growth  of  water- 
])uwer  development  under  the  Forest  Service's  strict  regu- 
lation, as  proof  of  their  contention  that  their  policy  does 
not  discourage  capital  from  investment,  and  they  seem 
to  have  the  best  of  the  facts,  the  financial  reports  gen- 
erally indicating  that  water-power  enterprises  are  paying 
larger  returns  to  investors  than  railroads,  utilities  and 
industrial  undertakings.  There  is  also  pertinency  in  the 
suggestion  that  the  holding  by  ten  large  large  groups  of 
water-power  interests  of  three  and  half  million  horse- 
power undeveloped,  while  they  have  developed  less  than 
half  that  amount,  indicates  that  the  diificulty  is  not  in 
restriction  of  grants,  but  in  nondevelopment  of  powers 
already  granted. 

It  is  inevitable  that  sooner  or  later  Congress  must  give 
more  careful  attention  to  the  water-power  question  than 
it  has  yet  received,  and  must  decide  upon  a  definite  pol- 
icy, not  subject  to  the  whims  of  cabinet  officers  or  the  dis- 
cretion of  public  officials. 

It  is  not  at  all  likely  that  the  nation  will  agree  to 
tLirn  over  these  national  resources  and  properties  to  state 
control  and  disposition.  The  history  of  the  wasteful  and 
careless  handling  of  natural  resources  when  they  have 
become  the  football  of  state  politics,  is  not  such  as  to  en- 
courage giving  them  more  plunder  from  the  national  re- 
sources. It  is  not  likely,  either,  that  there  will  be  a  re- 
turn to  the  granting  of  perpetual  grants  or  franchises  for 
water  powers. 

If  the  criticisms  of  the  antis  prove  valid,  and  capital 
will  not  seek  investment  under  limited  franchises  and 
regulation  of  rates  and  caioitalization,  that  problem  will 
be  solved  when  we  come  to  it.  Possibly  it  may  be  found 
Avise  for  the  government  to  develop  its  water  powers  in 
the  public  interest,  as  the  nation  has  reclaimed  millions 
of  acres  of  the  arid  lands  of  the  West  without  profit. 

There  is  as  yet,  however,  nothing  to  indicate  that  capi- 
tal is  fighting  shy  of  water-power  enterprises,  even  under 
strict  regulation.  In  fact,  as  with  railroad  regulation, 
tliere  is  a  growing"  sentiment  among  cautious  investors  in 
favor  of  enterprises  where  Uncle  Sam  guarantees  careful 
.supervision  of  the  manner  in  which  the  money  is  spent 


and  the  business  is  conducted,  c\cn  if  it  does  not  promise 
as  large  returns  as  did  the  old  system  of  unrestricted  ex- 
ploitation. 

Closely  following  the  split  in  the  National  Conservation 
Congress,  the  House  of  Eepresentatives  is  asked  to  in- 
vestigate the  charge  that  under  a  perpetual  franchise  and 
state  regulation,  the  building  of  the  gi-eat  Mississippi 
River  power  plant  at  Keokuk  has  done  nothing  to  bene- 
fit the  consumers  or  the  public.  It  is  charged  that  the 
rates  made  by  the  company  are  as  high  as  the  cost  of 
steam  power,  and  in  some  instances  higher,  and  that 
the  contract  made  with  the  city  of  St.  Louis  alone,  taking 
but  a  small  ])art  of  the  output  of  the  plant,  will  yield 
sufficient  return  to  pay  five  Jier  cent,  on  the  company's 
total  investment. 


Record  Keeping 

One  of  the  importtuit  duties  of  an  editor  of  this  paper 
is  to  visit  power  plants  for  the  purpose  of  obtaining  first- 
hand information  on  actual  operating  conditions.  These 
visits  reveal,  among  many  other  things,  a  lack  of  record 
keeping  of  plant  performances  that  is  astonishing  in  view 
of  all  that  has  been  said  and  shown  to  emphasize  the  im- 
portance of  the  practice.  And  this  paucity  of  recorded 
information  is  not  confined  to  small  plants.  It  exists  in 
plants  where  tiie  opposite  conditions  would  be  expected. 

Then,  too,  plants  are  found  where  the  multiplicity  of 
record  and  report  forms  would  bewilder  a  confirmed  sys- 
tematizer.  Often  this  condition  is  temporary,  for  it 
proves  difficult  in  practice  to  arrive  at  the  most  suitable 
forms  without  having  come  to  them  by  the  adoption  and 
elimination  of  numerous  others.  The  condition  is  then 
excusable. 

In  some  plants  where  the  management  insists  on  a 
division  of  costs  for  power  as  delivered  to  the  various  de- 
partments, for  convenience  the  total  cost  is  apportioned 
equally  among  the  departments.  Sometimes  this  may 
be  permissible,  but  often  it  is  ludicrous,  as,  for  instance, 
in  a  department  store,  where  the  shoe  department  is 
charged  with  as  much  refrigeration  as  the  kitchen  or  fur 
department.  If  co.sts  are  to  be  divided  among  depart- 
ments at  all,  it  would  be  worth  while  to  investigate  so 
that  the  charge  may  be  accurate  and  equitable.  If  then 
it  should  be  desired  to  ascertain  the  cost  of  power  or  the 
power  consumption  per  unit  of  product  from  a  particular 
department  it  will  not  be  necessary  to  guess.  Where  an 
attempt  at  completeness  in  cost  keeping  is  made,  ac- 
curacy should  be  paramount,  and  usually  it  is  not  easy 
to  be  accurate. 

Some  engineers  who  have  installed  complete  cost-keep- 
ing systems  in  their  plants  obtain  estimates  from  the 
local  power  companies  as  to  what  they  would  furnish  light 
and  power  for,  and  then  put  the  difference — when  the 
lower  cost  is  in  favor  of  the  plant — in  a  sinking  fund  to 
offset  the  depreciation  charge.  This  is  truly  good  en- 
gineering. 
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A  well  kept  system  of  rccoi-fl  aiul  cost  k('e])iiig  will  do 
more  thau  anytliing  else  toward  whii)piiig  an  old  plant 
into  shape  or  keeping  a  new  j)!ant  in  proper  eoiiditioii,  if 
the  engineer  and  manager  are  eager  to  apply  the  knowl- 
edge gained  by  the  revelations  of  the  system. 

It  is  indeed  to  be  regretted  that  in  so  many  plants 
record  and  cost  keeping  are  so  grossly  neglected  when 
they  are  so  badly  needed.  It  is  to  their  reproach  that  this 
can  be  truly  said  of  power-plant  engineers. 

The  Locomobile  Principle 

The  most  efiicient  use  of  steam  in  a  heat  engine  is  ex- 
emplified by  the  locomobile,  which,  on  believable  tests, 
has  produced  a  horsepower-hour  on  less  thau  eight  pounds 
of  steam,  and  the  Ferranti  turbine,  for  which  a  perform- 
ance of  sp\en  jiounds  of  steam  per  brake  horsepower-hour, 
is  reported. 

The  feature  common  to  both  of  these  is  superheat  of 
high  degree,  and  repeated  application.  In  the  locomol)ile 
the  steam  is  highly  superheated  as  it  goes  to  the  high- 
pressure  cylinder,  is  reheated  by  passing  through  another 
superheater  on  its  way  to  the  low-pressure  cylinder,  and 
both  cylinders  are  bathed  continuously  in  flue  gases  hot- 
ter than  the  steam  which  they  contain.  In  the  Ferranti 
turbine  the  steam,  initially  superheated  to  some  seven 
hundred  degrees  Fahrenheit,  surrounds  the  high-pressure 
barrel  tending  to  keep  up  the  superheat  during  expansion, 
and  as  it  pas-ses  from  the  high-  to  the  low-pressure  sec- 
tion, the  steam  is  reheated  to  the  original  temperature, 
and  surrounds  the  low-pressure  barrel  at  that  same  high 
temperature,  so  that  the  working  steam  which  would 
otherwise  be  cooled  by  expansion  below  the  point  of  satu- 
ration, actualh''  goes  to  the  condenser,  or  to  the  feed- 
water  heater  which  precedes  it,  in  a  superheated  condition. 

The  reheating  feature,  while  it  could  be  effected  by 
high-temperature  steam  brought  from  a  distance,  sug- 
gests the  proximity  of  the  boiler  and  the  motor  which  it 
supplies,  aud  we  are  quite  likely  to  see  the  locomoliile 
principle  used  upon  a  larger  scale.  The  capacity  of  the 
unit  need  not  be  restricted  to  that  of  an  engine  or  tur- 
bine which  a  boiler  will  carry  upon  its  back,  nor  to  that 
of  a  shell  boiler.  There  is  no  reason  why  a  good-sized  en- 
gine or  turbine  should  not  be  placed  in  the  locomobile 
relation  to  its  boiler  or  boilers,  which  may  be  of  the  water- 
tube  tj'pe  hung  to  the  same  structure  which  carries  the 
prime  mover. 

"Editions"  and  "Impressions" 

Do  you  know  the  difference  between  "editions"  and 
"impressions"  in  book-buying  parlance? 

As  the  difference  has  been  much  misunderstood  by 
many  readers  of  technical  and  engineering  books,  and 
as  the  publishers  themselves  have  discussed  the  use  and 
misuse  of  these  terms  in  their  trade  press,  we  take  this 
opportunity  of  making  clear  that  difference.  Let  us  as- 
sume that  you  liought  an  engineering  book  five  years  ago 
and  that  the  title  page  bore  this  line:  "Third  Edition — ■ 
1908."  Then,  recently,  you  discover  a  later  "edition" 
bearing  the  line:  "Fifth  Edition — 1913."  and  you  con- 
clude that  your  old  book  is  out  of  date. 

You  buy  the  new  book,  and  on  its  comparison  with  the 
190S  edition  you  find  that,  beyond  a  few  plate  "corrections 
and  a  change  of  date  on  the  title  page,  there  is  no  differ- 
ence between  them.    Then  you  say  things ! 


^Vhat  you  really  bought  was  a  new  "impression" — a  re- 
print of  an  exhausted  third  edition.  While  the  publisher 
may  not  have  intended  to  jiractice  a  willful  deception,  his 
l)ook  is  really  sailing  under  false  colors,  and  you  are  ready 
to  believe  that  the  publisher  has  preyed  upon  your  credibil- 
ity, to  say  the  least. 

While  the  idea  is  so  new  to  niany,  for  several  years  it 
has  been  our  practice,  or  that  of  the  McGraw-Hill  BiKik 
Co.,  to  retain  the  date  on  the  title  page  of  a  book  from 
its  first  publication  until  it  was  thoroughly  revised,  and 
calling  the  reprints  "impres.sions,"  not  editions,  as  "First 
Edition,  Second  Impression." 

Altering  the  date,  it  is  claimed  by  some  publishers, 
prevents  the  purchaser  from  "fearing  that  the  book  is  too 
old,"  and  thus  lessens  its  sale.  Changing  the  title-])age 
date  will  not  make  an  old  edition  new  any  more  thau 
would  a  new  nameplate  make  over  an  old  engine. 

An  experienced  book  buyer  will  invariably  look  at  the 
copyright  date  before  purchasing  and  verify  the  pub- 
lisher's claim  that  he,  the  buyer,  is  getting  a  new  "edi- 
tion," not  a  new  "impression." 

It  is  to  be  hoped  that  a  standai'd  practice  will  soon  be 
fixed  by  all  reputable  publishers,  thereby  insuring  the 
purchaser  that  their  books  bear  no  evidence  of  fraudu- 
lency  and  that  their  title  pages  prove  a  true  bill.  In  the 
meantime,  watch  the  copyright  date  if  you  are  .seeking 
a  new  edition  rather  than  a  new  impression. 

What  is  the  committee  of  the  American  Society  of  Me- 
chanical Engineers  appointed  to  urge  the  establishment 
of  an  industrial  museum  going  to  do  about  it  ? 

According  to  Secretary  Daniels,  the  navy  has  used 
during  the  past  year  thirty  million  gallons  of  fuel  oil. 
At  present,  however,  only  a  small  proportion  of  the  war- 
ships in  service,  the  later  battleships  and  destroyers,  are 
equipped  to  burn  oil,  but  practically  all  the  vessels  now 
building  will  be  thus  equipped.  When  it  is  recalled  that 
the  government  is  paying  over  twice  as  much  for  oil  as  it 
did  in  1911,  the  probable  extent  of  Uncle  Sam's  oil  bill 
in  the  near  future  is  apparent.  Secretary  Daniels  urges, 
as  a  step  toward  economy,  that  the  government  refine  its 
own  oil  from  its  petroleum  in  the  Elk  Hills  aud  Bueua 
Vista  fields  of  California  and  thus  lie  independent  of 
market  prices. 

Another  attempt  is  to  be  made  to  reorganize  the  Ports-  t 
mouth  Coal  Co.,  which  is  itself  a  company  reorganized 
_  from  the  old  Ehode  Island  Coal  Co.  Hayden,  Stone  & 
Co.  now  hold  the  property  as  security  for  an  unjiaid 
mortgage  of  $80,000.  The  present  proposal  is  to  form  a 
new  company  with  a  capitalization  of  1,000,000  shares 
of  the  par  value  of  $1  each,  aud  to  ask  the  present  share- 
holders to  buy  the  new  stock  at  par. 

There  are  extensive  deposits  in  Ehode  Island  and 
southern  Massachusetts  of  a  hard  graphitic  coal.  Many 
attempts  have  been  made  to  mine  it  commercially,  but 
never  with  permanent  success.  The  coal  will  burn  all 
right  under  proper  conditions,  and  has  a  fuel  value  which 
ought  to  warrant  its  mining.  We  hope  that  the  next 
attempt  will  be  allowed  to  rest  upon  its  own  basis  of 
facts,  and  that  no  attempt  will  lie  made  to  boost  it  up 
with  such  a  nostrum  as  Williams'  cataljrtic  treatment 
which  was  an  unfortunate  feature  of  the  last  attempt. 
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Experience  with   Boiler  Graphite 

I  }iave  l>ee)i  reading  with  interest  the  articles  that  have 
appeared  in  Poaver  from  time  to  time  relative  to  tlu' 
use  of  graphite  as  a  scale  preventive  and  remover.  In  the 
plant  where  I  am  employed  the  use  of  graphite  was  pro- 
hibited, as  it  was  tried  in  one  of  the  company's  other 
plants  and  the  results  were  far  from  satisfactory  as  the 
graphite  carried  over  and  clogged  the  cylinder  drains, 
etc.  This,  I  believe,  was  due  to  a  poor  grade  of  graphite, 
excessive  foaming  and  overload. 

About  a  year  ago  our  boilers  became  so  badly  scaled 
lliat  it  was  necessary  to  retube  them.  After  this  was 
done  I  received  permission  to  paint  the  shell  with  graph- 
ite. On  Dec.  11  and  16  I  graphited  and  cut  in  boilers 
Xos.  4  and  5.  The  graphite  in  No.  4  was  rubbed  on  dry 
and  the  results  obtained  were  not  as  satisfactory  as  in 
No.  5,  as  the  graphite  used  in  this  boiler  was  mixed  with 
water  to  make  a  fine  paste  and  applied  with  a  brush, 
afterward  being  rubbed  to  a  glossy  finish.  The  boilers 
were  cut  out  Jan.  7,  being  in  active  service  23  and  87 
days  respectively,  being  2  and  7  days  overtime  as  our 
service-time  limit  on  boilers  was  20  days.  After  the 
boilers  were  cooled  down  and  washed  out  we  were  as- 
tonished to  find  only  a  fine  gray  powder  on  the  sheets. 
This  powder  could  be  brushed  off  M'ith  a  cloth  and  the 
graphite  was  still  on  the  sheet.  This  was  surprising  as 
in  the  past  it  took  four  days  to  chip  the  scale  from  the 
bottom  sheets. 

I  consider  one  should  be  very  careful  in  the  use  of 
graphite  in  old  and  badly  scaled  boilers,  and  blow  them 
down  frequently  and  do  not  try  to  run  too  long  before 
finding  out  what  action  the  graphite  has  on  the  scale  as 
the  scale  falling  from  the  tubes  forms  a  solid  mass  on 
the  sheet  and  if  the  boiler  is  not  blown  down  in  time 
to  remove  this,  a  badly  bagged  sheet  will  be  the  result. 
Some  time  ago  an  engineer  told  me  of  the  use  of  graph- 
ite mixed  with  white  shellac.  I  would  like  tn  hear  from 
some  reader  of  Power  who  has  tried  it. 

C.  E.  V.w  Keuren. 

Famosa,  Calif. 

Your  Son's  Vocation 

The  cpiestion  of  a  son's  vocation,  brought  up  in  the 
editorial  in  the  Oct.  28  issue,  is  all  important.  The  first 
requirement  is  a  good  ediication.  By  the  time  the  son 
has  finished  high  school  he  will  be  old  enough  to  and 
should  decide  what  he  wishes  to  make  his  life  work.  It 
is  the  father's  duty  to  acquaint  the  scui  with  liis  trade, 
enoTTgh  for  the  boy  to  determine  whether  he  wishes  to 
follow  it  or  not,  be  it  engineering,  carpentering,  doctor- 
ing or  what  not.  Many  successful  engineers  came  from 
the  farm  with  no  other  machinery  to  cultivate  their  bent 
for  engineering  than  a  passing  locomotive  or  a  thrash- 
ing machine.  As  far  back  as  I  can  trace  on  both  sides  of 
the  house  there  was  only  one  engineer,  and  he  was  a 
backwoods  sawmill  man.     From  him  I  got  my  first  in- 


spiration, and  1  find  vei'y  little  interest  in  other  than 
mechanical  things.  1  am  an  engineer  because  I  like  the 
work  and  for  no  other  I'ciison. 

When  my  two  sons  lune  an  education,  I  shall  advLse 
them  to  look  about  and  see  what  trade  or  vocation  they 
prefer,  and  when  that  is  done  I  shall  urge  them  to  get 
the  proper  training  to  make  a  success  of  it  no  matter 
what  the  trade  is  so  long  as  it  is  honorable.  The  man 
that  is  not  well  versed  in  his  vocation  will  not  be  a  suc- 
cess, and  in  seeing  others  advance  above  him  will  think 
he  has  chosen  unwisely,  and  his  sons  will  receive  little  oi 
no  encouragement  to  follow  his  lead. 

Many  young  men  are  prone  to  choo,se  a  clerical  or  office 
line  of  work  because  it  is  clean  and  looks  easy  when  in 
reality  they  would  be  better  off  physically,  mentally  ann 
financially  in  an  engine  room  or  foundry  or  some  other 
iilace  where  the  work  was  neither  easy  nor  clean,  and 
will  worry  along  through  life  just  around  the  corner  from 
the  poor  house. 

Eegardless  of  what  the  son  does  choose  as  a  life  work 
he  should  be  encouraged  to  make  himself  as  proficient  as 
possible   in   that   line. 

J.  C.  Hawkins. 

Hyattsville,  Md. 


Horsepower  and  the  Power  of  the 
Horse 

I  have  read  with  interest  your  editorial  on  page  571 
of  the  Oct.  21  issue  on  "The  Origin  of  the  Term  Horse- 
power as  Applied  to  Mechanical  Work."  I  think  that 
for  the  benefit  of  the  youriger  engineers  who  may  read 
this  article  a  little  additional  explanation  may  be  of  in- 
terest. 

While  it  is  true  that  reliable  experiments  have  shown 
that  the  continuous  work  of  a  horse  is  more  accurately 
shown  to  be  22,000  instead  of  33,000  foot-pounds,  the 
fact  remains  that  in  most  cases  the  load  is  carried  in  oire 
direction  only;  the  return  trip  being  made  light,  and  in 
many  cases  the  distance  hauled  is  comparatively  short. 
This  being  the  case,  authorities  as  quoted  by  Haswell 
show  that  the  work  of  a  horse  will  be  from  four  to  five 
or  six  times  the  normal  rate. 

To  illu.strate :  A  few  years  ago  the  company  of  which 
the  writer  was  chief  engineer  received  an  order  for  a 
small  haulage  machine.  The  specifications  were  taken 
from  our  catalog  aird  called  for  the  smallest  size  listed. 
The  request  for  information  regarding  the  work  to  be 
done  by  this  machine  failed  to  bring  the  desired  informa- 
tion ;  in  fact,  their  statement  in  substance  was  that  they 
knew  what  they  wanted  and  if  we  did  not  care  to  furnish 
it,  doubtless  someone  else  would.  The  order  was  accord- 
ingly filled  and  a  few  months  later  we  received  a  let- 
ter stating  that' there  was  sonu'thinsj  wrong  with  our  ma- 
chine. They  wrote  that  they  had  purchased  a  12-bp. 
machine,  but  it  would  not  do  the  same  work  that  had 
been   previously   done   by   three  mules.      Further   corre- 
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spoudcnce  brought  out  the  fact  that  these  mules  were 
hauling  coal  cars  up  a  short  grade  and  returniug  cars 
empty;  in  addiiion,  of  course,  the  eugine  had  increased 
the  hauling  speed  and  the  output,  so  that  the  work  they 
desired  required  a  25-hp.  engine. 

This  illustrates  "ery  forcibly  the  trouble  encountered 
by  many  inexperiencea  engineers  who  attempt  to  install 
mechanical  in  place  of  animal  power,  and  I  feel  that  the 
jioint  deserves  emphasis. 

J.  II.  SxnATTOX. 

Cleveland.  Ohio. 

Condensate    Accumulator  for  Turbine 

Mr.  Purcell's  idea  of  using  a  60-gal.  tank  to  catch  the 
condensate  in  the  exhaust  of  a  turbine  as  told  in  the  Oct. 
28  issue,  p.  611,  is  simple  and  at  the  first  glance  would 
appear  feasible,  but  I  do  not  consider  it  an  advisable 
method,  although  it  may  be  cheaper  than  any  other  in 
first  cost.  In  allowing  the  tank  to  fill  to  the  exhaust  pipe 
before  draining,  there  is  danger  of  water-hammer  in 
the  exhaust  pipe  in  two  ways.  One  is,  that  at  tlie  propel 
time  for  draining  the  tank  the  attention  of  the  attendant 
might  be  called  to  something  more  serious  for  the  time 
being,  or  it  might  possibly  be  forgotten,  which  would  al- 
low the  water  to  back  up  into  the  exhaust  pipe  and  cause 
water-hammer.  The  other  reason  is  that  the  height  of 
the  T.-ater  cannot  be  seen  until  it  reaches  the  danger  point, 
and  should  the  tank  be  nearly  full,  and  the  turbine  pull 
over  a  slug  of  water  the  tank  would  be  no  protection  to 
the  exhaust  pipe.  If,  when  draining  the  tank,  the  inlet 
valve  was  not  closed  before  the  atmospheric  valve  was 
opened,  some  water  might  be  drawn  into  the  exhaust  pipe 
by  the  vacuum  therein  and  the  same  conditions  would 
be  present  as  before.  Another  reason  is  that  the  arrange- 
ment takes  much  time  for  proper  attention  and  must  be 
very  closely  watched  to  prevent  filling  up  as  the  amount 
of  condensate  is  not  always  the  same.  The  tank  would 
be  better  if  provided  with  a  water-gage  about  half  way 
on  the  tank  and  a  small  pump  or  a  good  trap  to  the 
li^-in.  drain  pipe.  This  condensate  is  pure  water 
without  any  oil  or  scale-forming  matter,  and  should  be 
returned  to  the  feed-water  heater.  The  arrangement  he 
shows  will  do  the  work  provided  it  is  watched  close  enough 
and  might  do  so  for  montlis  without  trouble,  and  j'et,  in 
five  minutes  it  could  do  damage  enough  to  pay  for  the 
cost  of  a  reliable  pump  or  trap. 

H.   C.   JOXES. 

Baltimore,  Md. 

Testing  Fire  Hose 

The  responsibility  of  testing  fire  hose  usually  devolves 
on  the  engineer  in  charge  of  an  institution  or  building, 
and  as  the  matter  is  becoming  more  important,  it  is  be- 
lieved the  following  hint  will  be  of  value  to  those  on  whom 
this  duty  rests. 

The  usual  way  in  which  fire  hose  is  tested  is  by  means 
of  water  and  as  if  there  were  a  fire.  "While  this  method 
has  certain  features  which  may  recommend  it,  it  has  sev- 
eral inherent  defects  whicli  make  it  impractical  in  many 
cases,  and  further  opens  the  way  to  an  earlj;  decay  of 
the  hose,  especially  as  the  hose  is  seldom  dry  when  re- 
turned to  its  rack.  Should  the  hose  burst  during  the 
test,  damage  is  sure  to  result  which  will  sometimes  greatly 


exceed  that  of  the  value  of  an  entirely  new  hose.  Again,  a 
test  of  the  hose  should  be  made  at  least  once  a  year. 

The  better  way  is  to  test  the  hose  with  air  at,  say,  lt>0 
lb.  pressure.  Tliis  can  be  done  readily  in  many  plants  j 
having  air  compressors.  In  case  there  is  not  a  com- 
pressor in  the  plant  one  may  be  often  easily  procured, 
and  if  that  is  impractical  then  the  next  best  thing  is  to 
take  the  hose  to  a  place  where  there  is  a  suitable  com- 
pressor. The  hose  will  leak  appreciably  but  not  abnor- 
mally. Should  there  be  any  weak  spots  in  the  hose  they 
can  be  readily  detected. 

An  advantage  of  air  is  that  the  hose  can  be  handled 
without  danger  of  soiling  the  clothes  of  the  tester,  and  in 
case  of  bursting  practically  no  damage  will  be  done,  and 
immediately  after  the  test  the  hose  can  be  replaced  on 
the  rack.  The  test  can  be  made  in  almost  any  part  of 
tlie  building,  and  in  general  is  as  handy  and  desirable 
as  could  be  desired. 

A.    P.    CONNOIi. 

Washington,  D.  C. 


Lubricating  Inclosed  Engines 

Mr.  Burmfirth,  in  the  Sept.  Hi  issue,  gives  a  descrip- 
tion of  the  manner  in  which  he  cleans  the  oil  in  his  in- 
closed-type  engines.  We  accomplish  this  in  a  different 
but  satisfactory  manner.  The  engines  are  250-hp.,  high- 
speed inclosed  type.  Each  is  equipped  with  a  gravity- 
oiling  system  having  a  cast-iron  tank  of  about  4  gal.  ca- 
pacity on  the  engine  frame  over  the  guides.  This  tank 
is  piped  to  the  top  of  the  crank,  main  bearing,  and  cross- 
head  with  a  feed  valve  in  each  line. 

After  passing  over  the  bearings  the  oil  is  drained  into 
the  crank  case  and  then  to  a  cast-iron  tank  placed  under 
the  valve-gear,  and  below  the  level  of  the  crank  case.  This 
receiver  holds  about  3  gal.,  and  is  divided  into  two  com- 
partments. One  side  is  filled  with  water  up  to  within  y^ 
in.  of  a  hole  in  the  partition  which  is  located  about  3 
in.  from  the  top.  There  is  a  fine-mesh  strainer  in  the 
top  of  this  side  thrcugh  which  the  oil  passes.  This  pre- 
vents particles  of  waste  and  sand  from  going  over  with 
the  oil.  The  oil  from  the  crank  case  runs  through  this 
strainer  into  the  water  where  particles  of  metal,  sand, 
dirt,  etc.,  that  are  too  fine  to  be  stopped  by  the  strainer 
are  washed  out  in  passing  into  the  water,  and  the  clean 
oil  overflows  into  the  other  side  of  the  tank.  There  is  an 
oil  pump  placed  in  this  side  and  operated  by  the  valve- 
gear. 

This  pump  forces  the  oil  back  through  a  l/4-in.  pipe 
to  the  tank  on  top  of  the  frame,  the  oil  being  used  over 
again.  This  system  holds  5  to  6  gal.  of  oil  and  1  gi 
of  water  in  the  dirty-oil  receiver.  We  use  a  good  grade 
of  engine  oil,  and  the  old  oil  is  all  taken  out,  and  new 
oil  put  in  once  a  month.  The  old  oil  is  run  through  a 
filter  with  a  steam  coil  in  the  bottom  of  it,  and  used  for 
valve-gears,  pumps,  shafting  and  in  the  crank  case  of  the 
stoker  and  fan  engines.  Each  of  the  high-speed  engines 
uses  from  5  to  6  gal.  of  oil  per  month.  This  is  a  good 
system  of  oiling  except  that  the  oil  is  kept  too  warm,  and, 
although  the  oil  is  fed  in  a  stream  to  the  bearings,  they 
run  very  warm.  The  lubrication  at  the  end  of  the  month 
seems  to  be  as  good  as  at  the  be.Tinning  when  the  new 
oil  is  put  in,  and  there  is  very  little  difference  in  the 
temuerature  of  the  bearings  with  old  or  new  oil.  The 
hearings  are  tightened  up  about  once  in  two  months.  The 
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time  required  to  clean  this  oiling  system  is  about  ^2  hi'- 
per  engine  per  month.  In  this  system,  a  good  grade 
of  oil  is  essejitial.  At  one  time  a  cheap  grade  was  tried, 
but  did  not  work  satisfactorily,  also  the  filtered  oil  was 
Tised  over  again,  but  that  caused  trouble  from  warm  bear- 
ings, and  it  was  found  best  to  use  a  good  grade  of  new 
oil  on  the  engines  and  use  the  filtered  oil  for  other 
pur]ioses. 

H.  J.  Cooper. 
Annapolis,  Md. 

Boiler  Attachments 

The  scries  of  articles*  on  the  installation  and  care  of 
boiler  attachments,  by  J.  E.  Terman,  especially  No.  3  on 
water  columns,  feed  valves,  etc.,  cannot  be  too  highly 
commended.  Some  of  his  statements  are  open  to  argu- 
ment, for  there  are  some  questions  that  never  will  be 
settled  satisfactory  to  all  engineers. 

It  has  been  my  lot  to  fall  in  with  some  of  the  danger- 
ous conditions  he  mentions  as  bad  practice.  In  one  case, 
all  the  feed  valves  were  3-in.  globe  valves,  placed  to  close 
against  the  boiler  pressure,  so  that  they  could  be  packed 
when  closed,  if  the  pump  was  stopped,  with  steam  on 
the  lioiler,  and  no  pressure  on  the  stem  packing. 

On  several  occasions  the  disk  of  the  valve  between  the 
check  valve  and  the  boiler  came  off  the  stem,  and  we  had 
to  pull  the  fires  and  cut  out  the  boiler  to  prevent  its 
burning;  then  it  required  some  time  to  locate  the  cause 
of  the  trouble.  The  valves  were  turned  around  at  the 
first  opportunity. 

Another  trouble  was  with  the  internal  feed  pipes,  where 
Jie  water  was  bad  and  scale  formed,  stopping  them  up  so 
badly  that  sometimes  the  pipe  threads  in  the  bushing  in 
the  head  were  stripped'.  Changing  from  iron  to  brass 
pipe  of  a  larger  size  helped  the  trouble. 

In  another  plant  the  water-aJarm  whistle  blev/,  as  the 
fireman  supposed,  for  high  water.  After  blowing  down 
awhile,  and  seeing  that  the  whistle  did  not  stop  he  de- 
cided that  it  was  low  water.  The  glass  was  high  up  and 
the  water  level  could  not  be  easily  seen.  Fortunately,  no 
damage  was  done.  If  there  had  been  no  high-water  alarm 
there  could  not  have  been  a  mistake. 

In  one  case  the  cylinder-head  packing  of  a  feed  ]nimp 
woiild  not  hold.  A  gage  was  put  on  the  discharge  pipe 
and  when  the  feed  regulator  closed  the  pump  pressure 
went  up  to  two  and  one-half  times  the  boiler  pressure. 
The  trouble  was  caused  by  a  bypass  around  the  pump 
governor  being  partly  open,  and  was  not  noticed  for 
some  time. 

In  regard  to  fusible  plugs,  I  have  in  mind  a  plant  of 
4000  hp.  of  water-tube  boilers,  nine  boilers,  and  not  a 
fusible  plug  in  any  of  them.  Another  plant  of  six  boil- 
ers is  without  plugs ;  another,  a  government  plant  of  four 
boilers,  is  without  fusible  plugs,  also  a  number  of  others, 
all  in  a  state  having  a  rigid  boiler  law. 

J.  C.  Hawkins. 

Hvattsville.  Md. 


Pipe  Work  and  Fittings 

It   seems   as  if  everything  pertaining  to  engineering 
matters  in  general  has  been  discussed  in  technical  maga- 


zines, with  the  exception  of  pipe-fittings  and  pipe  work, 
and  when  we  come  to  think  a  little  on  the  subject,  we 
realize  that  there  is  room  for  better  knowledge  of  fittings 
and  general  pipe  work. 

Send  a  helper  for  a  fitting  and  he  will  probably  return 
with  something  entirely  useless  for  the  work.  I  have  had 
engineers  come  to  my  plant  for  odd  fittings,  when  doing 
repair  work,  who  could  not  name  the  proper  fittings 
wanted.  "Lemme  see  whatcher  got"  was  their  way  out 
of  it.  Supply  men  find  it  difficult  to  take  orders  for  fit- 
tings from  some  engineers,  many  having  to  sketch  odd 
ones  to  show  just  what  is  wanted.  In  large  plants  where 
large  assortments  are  kept  in  stock,  the  man  in  charge 
must  certainly  know  his  fittings  to  enable  him  to  make 
requisition  for  those  to  be  replaced. 

Eeduced  tees,  ells,  couplings,  etc.,  should  be  properly 
figured  so  as  to  have  as  few  joints  as  possible  in  a  pipe 
line,  although  but  little  attention  is  sometimes  paid  to 
neat  workmanship,  so  long  as  the  gas  or  liquicl  to  be 
conveyed  reaches  its  ultimate  destination,  less  several  per 
cent,  of  its  original  velocity. 

Many  engineers  have  bushed  fittings  to  save  a  few  min- 
utes time,  only  to  regret  it  later.  When  the  pipe  man 
comes  for  an  odd  fitting,  do  not  tell  him  to  "bush  it," 
but  take  time  to  get  what  is  correct.  Bushings  are  noL 
ornamental  in  pipe  lines,  especially  in  engine  or  boiler 
rooms  where  they  are  subject  to  the  gaze  of  those  who 
notice  such  things. 

In  a  small  plant  I  happened  to  visit  some  time  ago,  the 
engineer  had  just  completed  a  soap-boiling  arrangement 
which  required  four  bushings  to  bring  it  down  to  the 
proper  sizes.  The  odd  part  of  it  was  tliat  he  had  placed 
the  order  for  the  fittings  for  the  job.  "Took  some  fig- 
gerin',"  he  said,  "to  make  um  come  out  right."  Such 
jobs  look  untidy  and  also  cost  more. 

Go  over  a  pipe  line  and  observe  the  unnecessary  joints. 
Don't  tear  the  line  out  to  remedy  the  trouble,  but  in 
future  use  only  the  joints  that  are  absoiutely  required. 
An  idea  of  properly  built  pipe  lines  can  be  had  by  ex- 
aminiiig  some  automatic  sprinkler  installation  in  your 
neighborhood,  vihieh,  if  well  designed,  wi'l  have  no  extra 
joints  and  the  lines  will  be  properly  fastened  or  sus- 
pneded  as  the  case  may  be. 

A  catalog  from  any  reputable  fitting  manufacturer 
gives  the  proper  names  for  all  classes  of  fittings,  valves, 
hose  connections,  hangers,  etc.  One  will  be  surprised 
how  easily  it  is  to  get  a  good  working  knowledge  of  the 
parts,  and  probably  order  the  pipe  and  fittings  for  a  com- 
plete pipe  line  less  the  last  length,  which  must  be  cut 
on  the  ground,  owing  to  the  difference  in  the  amount 
of  thread  various  fittings  will  take.  Pipes  threaded  with 
new  dies  will  enter  a  fitting  much  farther  than  those  cut 
with  old  dies. 

Second-hand  fittings  have  caused  engineers  to  "lose 
their  religion"  when  steam  was  turned  on  a  repaired  line 
only  to  give  an  imitation  of  a  Chinese  orchestra,  but  these 
occurrences  can  be  lessened  by  using  a  little  judgment 
in  selecting  the  fittings.  All  second-hand  fittings  should 
be  closely  examined  when  dismantling  a  line,  and  again 
when  ready  to  use  a.  second  time.  Sound  your  fittings 
the  same  as  tubes  or  flywheel,  and  save  hours  in  time 
and  lessen  the  leaks  and  danger  of  bursting  fittings. 

When  a  joint  is  unusually  hard  to  break,  what  do  wc 
do?  Hammer  the  fitting,  use  an  oversized  pipe  wrench, 
and  add  a  few  feet  of  pipe  to  the  handle  for  extra  lever- 
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age,  and  yank  away.  Easy  for  vou,  Iml  ratlier  hard  on 
the  fitting.  SiTcli  fittings  should  he  carefully  examined 
before  going  back  to  the  supply  room.  If  the  pipe  threads 
-nter  the  fittings  too  far,  throw  it  away,  unless  you  want 
Lo  do  the  work  over. 

Unions  cost  money,  it  is  true,  but  use  them  when  pass- 
ing through  places  difficult  to  repair.  Do  not  build  a  line 
two  or  three  hundred  feet  long  without  unions,  as  a  leak 
may  occur  near  the  center.  Never  make  up  joints  dry, 
hut  use  some  ready-made  pipe  compound,  graphite  and 
oil,  white  or  red  lead,  and  save  yourself  many  a  cuss 
word  when  making  changes  in  a  line  you  never  expected 
(o  take  down. 

Fritz  W.  Fischek. 

Knoxville,  Tenn. 

Running  Cross-Compound  Engine  on 
Light  Load 

Among  the  engineers  at  a  recent  gathering  was  a  road 
man  employed  as  an  erecting  engineer  by  a  well  known 
firm  of  engfne  builders,  who  related  an  experience  met 
with  during  the  last  winter.  He  told  what  had  to  be 
done  (and  the  cost  thereof)  to  the  low-pressure  side  of 
a  vertical  cross-compound  engine  that  was  completely 
wrecked,  due  to  ice  forming  in  the  hotwell  of  a  suffi- 
cient thickness  to  effectually  seal  the  tail  pipe,  causing 
tl)c  exhaust  pipe  and  cylinder  to  be  filled  with  water 
wild;  the  priming  pump  was  started. 

This  led  to  a  discussion  of  operating  compound  con- 
densing engines.  Some  present  said  it  was  their  daily 
practice  to  run  with  a  vacuum  in  the  receiver  on  starting 
up  and  on  very  light  loads,  and  could  see  no  objection 
to  this  practice.  One  man  stated  that  in  his  opinion  it 
was  dangerous  to  carry  a  pressure  in  the  receiver  on 
light  loads,  because  the  low-pressure  side  would  be  doing 
all  the  work,  and  the  high-pressure  piston  might  pull 
water  up  from  the  receiver  through  the  exhaust  valves. 
Others  were  of  the  opinion  that  the  above  argument 
might  apply  if  the  pressure  in  the  receiver  was  supplied 
direct,  as  through  a  bypass,  but  that  it  did  not  hold  if 
the  receiver  pressure  was  due  to  the  exhaust  coming  from 
the  high-pressure  cylinder,  as  in  that  case  the  water  could 
not  back  up  against  the  pressure.  Another  engineer 
stated  that  it  was  his  practice  to  run  during  the  noon 
hour  with  a  greatly  diminished  load  (only  a  little  above 
friction)  with  all  drips  wide  open,  and  a  vacuum  in  the 
receiver,  having  followed  this  practice  for  over  five  years 
without  any  trouble  whatever.  FTe  said  that  the  receiver 
was  fitted  with  a  reheating  coil,  supplied  with  steam  at 
boiler  pressure  from  the  main  line,  the  object  of  which 
was  the  reevaporation  of  a  greater  part  of  the  condensa- 
tion. 

A  correspondent  has  recently  called  the  attention  ot 
engineers  to  two  articles  which  have  appeared  in  Power 
on  the  subject  of  water  in  the  engine  cylinder:  one  June 
35,  1912;  the  other  Aug.  26.  1913. 

In  the  former  article  it  was  shown  how  water  may 
come  through  the  high-pressure  cylinder  and  accumulate 
in  the  receiver,  and  become  a  menace  to  the  low-pressure 
side  by  its  being  likely  to  he  taken  over  into  the  cylin- 
der. 

The  latter  article  described  a  series  of  tests  made  by 
some  engineers  in  Belgium,  during  which  water  was  pur- 


posely pumped  into  the  steam  pipe  supplying  the  engine. 
The  conclusions  reached  by  these  gentlemen  were:  That 
every  jsrecaution  should  be  taken  to  keep  the  receiver 
well  drained,  notwithstanding  the  report  that  "the  en- 
gine suffered  not  the  slightest  damage  during  the  tests." 

I  heartily  agree  that  it  should  be  kept  well  drained, 
but  cannot  see  how  the  ordinary  trap  can  drain  a  re- 
ceiver when  it  has  no  pressure  to  make  it  work,  or  when 
the  cutoff  is  so  .short  on  the  high-pressure  side  that  there 
is  a  vacuum  in  the  receiver  as  a  result.  Even  should  there 
he  no  trap,  but  just  an  ordinary  pipe  open  to  the  at- 
mosphere, it  could  not  drain,  for  the  atmospheric  pres- 
sure would  exceed  the  receiver  pressure  and  keep  the 
water  in.  Eeceivers  are  likely  to  be  subjected  to  boiler 
pressure  at  any  time.  Should  it  contain  a  reheating  coil, 
a  split  in  the  coil  or  a  burst  fitting  and  boiler  pressure 
in  the  receiver  is  the  result. 

Should  an  admission  valve  stick  open  from  any  cause, 
the  same  result  will  follow. 

Eeceivers  should  be  tested  to  50  per  cent,  above  the 
highest  running  pressure  and  that  is  more  than  they 
would  ordinarily  be  subjected  to  under  running  condi- 
tions. Intending  purchasers  of  this  type  of  engine  would 
do  well  to  put  a  clause  in  their  specifications  to  this  ef- 
fect and  see  to  it  that  it  is  carried  out  by  the  builder. 
In  view  of  the  importance  of  this  subject,  may  I  venture 
to  suggest  that  the  editors  of  Power  invite  readers  to 
discuss  the  subject,  stating  what  is  their  practice  in  start- 
ing and  running  under  light-load  conditions  with  com- 
pound condensing  engines!'' 

H.     EOLUNS. 

Plainfield,  Conn. 

[We  should  lie  pleased  to  ]iublish  such  discussion. — 
Editor.] 

Testing  Tightness  of  Cover  Joint 

Eeceutly  I  liad  occasion  to  gTind  to  a  snug  fit  a  cover 
for  a  small  tank  made  of  l:-in.  brass  pipe.  After  grind- 
ing in  the  cover  until  it  seemed  the  joint  was  air-tight 
as  descriloed,  I  was  at  a  loss  to  test  the  joint  because  I 
could  not  drill  a  hole  in  the  tank  to  attach  a  gage. 

I  decided  to  blow  steam  into  the  tank  and  quickly  put 
on  the  cover,  allowing  the  steam  to  condense,  thereby 
forming  a  vacuum.  This  wa.s  done  and  as  the  vacuum 
was  maintained  for  a  considerable  time,  I  decided  the 
joint  was  tight  enough. 

W.  C.  Dixon. 

ITastings-on-Hudson,  X.  Y. 

Abandoning   a  Boiler  in  Case   of  Fire 

Eeferring  to  Fred  W.  Ilencr's  question  in  the  Sept.  16 
issue,  my  advice  would  be :  Leave  the  pump  and  engine 
running  to  utilize  the  steam  and  keep  the  boiler  supplied 
with  water.  The  engine  will  slow  down  as  the  steam  goes 
down.  The  pump  will  keep  water  supplied  so  there  wiW 
he  no  danger  of  a  boiler  explosion. 

The  question  was  conditioned  that  the  engineer  had 
n.o  time  to  draw  fires.  In  that  case  he  would  have  only 
time  to  run  away  and  the  best  thing  to  do  would  be  to 
let  things  run  down  and  run  for  his  life.  If  we  all  failed 
to  answer  as  long  as  this  the  questioner  could  have  been 
burned  up  long  ago. 

F.  A.  Mathews. 

Clinton,  Iowa. 
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Trigonometry — III 

Beginning  with  this  leason  the  answers  to  the 
previous  lesson's  study  questions  ivill  he  given  first,  lie- 
fore  the  new  lesson  is  taken  up,  and,  as  a  rule,  the  an- 
swers ivill  be  given  more  fully  worked  out  than  has  been 
the  practice  heretofore.  The  idea  of  the  new  arrangement 
is  /hat  the  student,  starting  with  what  is  practically  a 
review  of  the  previous  lesson,  will  find  it  easier  to  proceed 
with  the  extension  of  the  subject. 

Last  Lespox's  Answers 

6.  As  given  in  the  "Last  Lesson's  Answers,"  page  801, 
No.  1 ;  the  sine  A  —  0.6  which,  according  to  the  table,  is 
between  0.5878  (sin  36  deg.)  and  0.6018  (sin  37  deg.). 
Taking  any  of  the  otlier  functions  the  angle  will  be  found 
to  be  the  same,  somewhere  between  36  and  37  deg.,  and 
much  nearer  the  latter.  For  example,  the  cosecant 
is  1.6666,  which  is  between  1.6616  (esc  37  deg.)  and 
1.7013  (esc  36  deg.).  From  more  exact  tables  it  could  lie 
found  that  the  angle  A  is  36  deg.  .52  min.  11.64  sec. 

7.  The  hypothenuse  of  the  right  triangle  involved  is 
given  as  100  ft.,  and  the  altitude  as  60.     The  relation 

fill  A   =   -  becomes  sin,  A  =  77-r   =  0.6  which  as  found 
c  10() 

in  the  last  answer  corresponds  to  an  angle  of  practically 

37  deg. 

I    8.     The  sides  involved   are  those   concerned   with   tlie 

functions  of  tan£rent(  7  )or  cotan.o-ent(  -  ).  If  o  =  2h.  then 


tan  A 


h 


•i.    From  the  table  the  ans^le  wlu 


b  h 

tangent  is  2  is  al)out  63i/o  deg. 

9.  If  the  side  c  equals  1,  the  other  sides  of  the  right 
^triangle  correspond  directly  to  the  sine  and  cosine  of  30 
;deg.,  or,  from  the  table,  0.5  and  0.866. 

10.  In  Lesson  I,  the  sine  of  an  angle  (forming  ])art 
of  a  right  triangle)  was  defined  as  the  ratio  of  the  op- 
posite side  to  the  hypothenuse,  and  the  cosine  as  the  ratio 
of  the  adjacent  side  to  the  hypothenuse.  On  these  premises 
the  sine  of  one  of  the  acute  angles  of  a  riglit  triangle  is 
equal  to  the  cosine  of  the  other  acute  angle.  This  was 
al^i  sliown  in  Lesson  II,  and,  in  addition,  that  the  sine 
oF  an  angle  is  equal  to  the  cosine  of  its  complement.  Then 
the  two  acute  angles  of  a  right  triangle  are  complements, 
or  tcigether  equal  to  90  deg.,  and  the  third  angle  is  by 
construction  a  right  angle  (90  deg.)  so  that  the  three 
angles  total  ISO  deg.  Another  proof  might  be  developed 
from  Fig.  4,  last  lesson.  Angles  lAB  and  BAC  were 
complements  by  construction.  All  that  needs  to  be  shown 
then  to  prove  the  proposition  is  that  the  angles  JAB  and 
ABC  are  equal.   The  sine  being  equal  to  the  opposite  side 

T)  /? 

divided  by  the  hypothenuse,  sin    Z_    TAB  =    -^  -^    and 


AC 


sin  l_   ABC  -    ^  p. 
hence  the  angles  are  equal 


AB 

ut  since  AC  ^  DB  the  sines  and 


LouAiJiTHMic  Functions  of  Angles 

In  many  trigonometrical  problems  multiplication  or 
division  of  functions  of  angles  are  involved.  For  those 
preferring  to  use  logarithms  for  their  other  problems  in 
multiplication  and  division,  tables  are  constructed  which 
give  directly  the  logarithms  of  the  natural  numbers  cor- 
responding to  the  functions  of  angles,  thus  saving  the 
necessity  of  looking  an  angle  up  twice  or  in  two  different 
tables.  These  logarithmic  tables  of  trigonometrical  func- 
tions are  very  convenient  and  are  to  be  found  in  most 
handbooks  and  mathematical  textbooks.  Tables  can  be 
bad  carried  out  to  degrees  and  fractions  of  degrees 
(minutes  or  even  seconds).  In  these  logarithmic  tables. 
to  avoid  the  numerous  negative  characteristics  that  would 
otherwise  have  to  be  used,  the  characteristit  of  each 
logarithm  is  increased  by  10.  In  the  natural  table  it  can 
be  seen  how  nianj'  of  the  numbers  are  less  than  1.  .Vll 
of  these  would  normally  take  logarithms  having  negative 
characteristics,  but  increasing  them  l)y  10  they  are  all 
made  positive. 

Relations  between  the  Functions  of  an  Angle 

There  are  ten  fundamental  relations  which  the  trig- 
iinometrical  functions  of  any  angle  bear  to  one  another. 
The  student  who  would  go  very  far  with  this  branch  of 
mathematics  should  memorize  these  relations  until  they 
are  as  familiar  to  him  as  the  multiplication  table. 

The  first  of  these  propositions  is  that  the  square  of 
the  sine  of  an  angle  plus  the  square  of  the  cosine  is  equal 
to  1.     Expressed  as  an  equation  it  is 

sin-  A  -\-  cos-  .4  =  1  (1) 

The  diagrams,  either  Fig.  3  or  Fig.  4,  show  this  to  be 
merely  the  old  familiar  proposition  that  the  square  of 
the  hypothenuse  of  a  right  triangle  is  eqital  to  the  sum 
of  the  squares  of  the  other  two  sides.  In  a  right  triangle 
where  the  other  two  sides  are  the  sine  and  cosine  the 
hypothenuse  is  equal  to  1  and  the  square  of  1  is  1. 

The  second  proposition  is  exiiressed 

sin  A 
cos  A 
From  Lesson  1  and  Fi"-.  2. 


Tan  A 


m 


Sin  A  =- 


A  ^'       i  A  " 

cos  A  =  ~    fan  A  =  ^ 
c  0 


Substitutino-  these  values 


Tan  A  or 


the  second  member  of  which  reduces  to  -r    by  canceling 

the  "c's,"  proving  the  proposition  true. 

In  the  same  way  the  third  to  the  sixth  propositions,  in- 
clusive, may  be  proved  as  follows: 

Cof  A  =  ^4'^  (3) 

sin  A 


836 


POWER 


Vol.  38,  No.  24  ■ 


for  the  Pf|uiva]ent  is 


6  _  J. 


Cot  A  = 


1 


tan  A 


(4) 


1    OVER  THE  SPILLWAY    1 

1        .lUST     JESTS,      JABS,      JOSHES      AND     JUMBLES        | 

1 : 1 

Hobble  skirts  and  high  heels  were  responsible  tor  52  accl- 
lients  in  October,  complains  the  Penns.vlvania  R.R.  Ain't 
them  th'  sore  guys,  Constance!  Gawd  knows,  we  has  our 
troubles  gettin'  classy  duds  without  them  choochoo  Johnnies 
a-buttin  in —  Hello!  Yes?  I  gives  you  your  number  twicet, 
an' —  What's  that?  You'i'e  no  gen'elmun!  As  I  wuz  sayin', 
Constance —      Sure,    them    engine    pushers    is    bugs! 


^'"'■^  =  T 


SeclA  = 


Csc  A 


cos  A 


(5) 


(6) 


San  Francisco  recently  moved  an  8000-ton,  three-story 
school  building  across  sand  lots,  over  four  streets  and  two 
car  tracks,  and  set  it  down  without  hardly  displacing  a  brick. 
It's  far  easier  to  move  a  brick  school  than  it  is  to  move  the 
average  school  board — and  you  have  a  wild  desire  to  dis- 
place a  load  of  brick,  and  shy  them. 


A  young  man  getting  $75  a  month  got  tired  of  compar- 
ing this  carfare  with  the  millions  he  handled,  and  then  he 
copped  halt  a  million  and  lit  out  for  the  bright  lights.  Served 
the  trusting  trust  company  right.  Perhaps  it  will  pay  the 
next  man  living  wages  and  help  him  to   keep  honest. 


(^) 


for  ^  =  — 
a       a 

c 

The  seventh  and  eighth  propositions  are  similar  to  the 
first  and  would  be  proved  by  the  right  triangle  AEFA, 
Fig.  3,  Lesson  I. 

sec-  A  =  1  -(-  tmi^  A 
AE  =  Ay'  +  W 

for  AE  =  sec  A,  AF  =  1  and  EF  =  fan  A 

~77c'  .4  =  1  +  col-  A  (S) 

for  "/Itf  =  Af  +  IG  and  AG  =  csc  A,  AI  =  1  and 
IG  =  cot  A. 

The  ninth  and  tenth  propositions  were  covered  in  Les- 
.-ou  I,  namely : 

vers  A  =  1  —  cos  A  (9) 

covers  4  =  1  — sin  A  (10) 

As  is  evident  from  the  fourth  proposition,  the  tangent 
and  coiangent  of  the  same  angle  are  reciprocals  of  each 
other  as  are  also  the  secant  and  cosine  and  the  cosecant 
and  sine  from  propositions  five  and  si.x. 

Study  Question's 

11.  Express  the  tangent  of  the  angle  A  in  terms  of 
its  cotangent.  If  the  tangent  is  equal  to  3,  what  i.-;  the 
cotangent  ? 

13.  Given  tan  .1  =  ^,  find  the  other  trigonometrical 
functions  without  using  the  table. 

13.  Prove  that  the  sine  of  30  deg.  equals  1/2- 

14.  l''iiid  ihe  other  trigonometrical  functions  of  30 
deg. 

15.  What  is  the  versine  of  45  deg.?  Find  the  other 
functions  also. 

Erratum :  On  page  801,  under  "Last  Lesson's  An- 
swers," a  mtiltiplieation  sign  was  used  by  mistake  for  a 
plus  sign  in  answer  Xo.  2.  Corrected  the  equation  would 
(•end  r  =    V  ff^  + 


To  what  parlous  state  has  Springfield.  Mo.,  arrived  that 
it  must  have  an  armed  guard  to  protect  its  sewers  from 
vandalism?  Run  the  vandals  through  the  sewer  a  couple  of 
times.     This  is  a  sure  cure. 


Every  tunny  man  in  every  tunny  column  of  every  funny 
publication  (except,  perhaps,  the  "Congressional  Record")  in 
these  United  States  has  made  facetious  remarks  anent  the  cur 
who  beat  his  wife  20S0  times  in  40  years.  We're  going  to  keep 
mum — principally  because  our  remarks  would  not  be  allowed 
to  go  through  by  the  postal  authorities. 


"How  far  must  an  engineer  be  guided  b.v  his  client's  re- 
sources?" asks  John  M.  Goodell  in  the  "Engineering  News." 
Why  didn't  you  ask  us,  John?  Right  off  the  reel,  we'd  get  a 
line  on  how  big  the  client's  resources  were,  and  then  we'd  J 
keep   a-inchin'   and   a-inchin'. 


The  linemen  had  completed  the  wiring  in  a  Delphos,  Ohio, 
home  and  had  "proved  out,"  when  the  boss  lineman  noticed 
that  a  blank  socket  had  been  plugged  with  a  champagne  cork. 

"Whadcha  plug  the  socket  for?"  he  began.  "The  Juice| 
won't   " 

"Ja,  dot's  it!"  exclaimed  the  Teutonic  mistress  of  the  home. 
"Ach,  dere  no  light  is,  undt  I  put  me  a  cork  in  to  keep  der 
juice  from  running  oudt  undt  spoiling  der  carpet!" 


They  say  that  earthquakes  have  been  drilling  holes  in  the 
bottom  of  the  sea.  Somebody  page  McGinty  and  let  us  have 
the  facts. 


The  Sanitary  Sons  of  Harvard,  an  organization  of  sanitary 
engineers!  Pleasedtomeetyer!  There's  a  big  call  today  for 
clean  men,  and  these  sons  must  be  clean  to  come  right  out 
in  the  open   with   the   label. 


An  old  and  valued  contributor,  who  is  alert  to  his  literary 
shortcomings,  writes  that  he  refuses  to  die  the  longest  day 
he  lives.  As  he's  "the  livest  reader  'Power'  has,"  he's  just 
going  to  keep  aplugging.  He  doesn't  give  a  durn  what  w? 
editors  think.      Come   across.   Mac,  as  often   as  you   like! 


Uncle  Sam,  have  you  no  bowels  of  compassion?  The  char 
women,  scrub-ladies  and  other  humble  toilers  in  the  Capitoi 
got  their  June  pay  on  Oct.  31.     Oh,  Sammy! 


■yl24-  +  143=  =  145. 
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Refrigerating  Engineers  Meet  in 
New  York 

On  Dec.  1  and  2,  the  American  Society  of  Refrigerating 
Engineers  held  its  ninth  annual  meeting  in  the  Engineering 
Societies  Building,  New  York  City.  Three  sessions  were  held 
on  Monday  and  one  on  Tuesday,  "with  an  old  fashioned  beef- 
steak dinner  at  Healy's  as  a  final  to  the  convention.  There 
were  a  number  of  good  papers  which  were  heard  by  a 
large  attendance,  and  enthusiastic  discussion  on  various  points 
indicated  the  interest  that  had  been  taken  in  tlie  society's 
work  during  the  regime  of  Retiring  President  Neff.  He  had 
asked  for  cooperation,  and  as  stated  in  his  address  had  in  a 
measure  received  it.  Individually  many  of  the  members  were 
doing  yeoman  service.  More  organized  effort,  however,  was 
wanted.  There  was  need  of  good  team  work,  and  unless 
the  society  awakes  to  its  opportunities  it  may  have  to  fol- 
low instead  of  lead.  Reference  was  made  to  the  work  of  the 
International    Association    of    Refrigeration    and    the    influence 


amount  of  agitation  with  the  purpose  of  correlating  the 
three  factors:  Size  of  can,  temperature  of  brine  and  quantity 
of  mineral  salts  in  solution.  The  tabulated  data  showed  that 
there  was  a  direct  relationship  between  the  mineral  salts 
in  the  water  and  the  volume  of  air  required,  and  extra  agita- 
tion should  be  provided  when  the  speed  of  freezing  is  in- 
creased. For  a  300-lb.  can  of  water  containing  4  grains  of 
solid  matter  per  gallon  6.5  cu.ft.  of  air  per  minute  were  re- 
quired. In  the  discussion  it  was  shown  that  to  compress  this 
much  air  would  require  an  excessive  amount  of  power  per 
ton  of  ice — so  much  more  than  was  used  in  practice,  that  it 
was  suggested  the  decimal  point  had  been  misplaced,  the 
usual  amount  being  much   nearer  0.65  cu.ft. 

Papers  on  "The  Refrigerator  Car — Retrospective  and  Pros- 
pective," by  Eugene  F.  McPike  and  J.  H.  Bracken,  both  of 
Chicago,   and   their  discussion  ended  the   session. 

The  evening  session,  although  not  brimming  over  with  in- 
formation new  or  particularly  instructive  to  the  refrigerating 
engineer,  was  perhaps  the  most  entertaining  of  all.  C.  H. 
Stevens,     of    the    Brooklyn     Edison    Co.,     read    his    paper    on 


Not  Chefs  but  Members  of  the  American  Society  of  Eefrigerating   Engineers  in   the  Jungle  Room 

AT  Healy's 


of  the  Congress  recently  held  in  Chicago.  There  were  many 
problems  in  the  field  ripe  for  attention,  and  it  was  the  presi- 
dent's urgent  desire,  that  the  society  should  attain  in  tlieir 
solution  the  standing  that  it  should  have. 

The  balance  of  the  morning  session  was  devoted  to  routine 
business,  an  expression  from  the  floor  favorable  to  holding 
the  next  Western  meeting  in  San  Francisco  in  1915,  and  the 
announcement  of  the  following  officers  for  the  year  to  come: 
President,  Henry  Torrance,  Jr.;  vice-president,  Theodore  O. 
Vilter:  treasurer.  George  A.  Home;  directors,  V.  R.  H. 
Greene,  J.  S.  De  Hart.  Jr.,  A.  P.  Criswell.  B.  F.  Miller  and  P. 
E.  Matthews. 

Monday  afternoon  the  session  opened  with  an  interesting 
paper  on  "The  Sterilization  of  Water  by  Ultra-violet  Rays" 
by  Max  von  Recklinghausen,  of  Strassburg,  Germany.  Al- 
though not  relating  directly  to  refrigeration  except  in  the 
sterilization  of  "water  for  ice  making,  the  paper  was  well 
received  and  brought  forth  many  pertinent  questions  from 
the  audience.  It  developed  that  the  cost  of  treatment 
amounts  to  about  30  watt-hours  per  ton  (about  240  gal.)  of 
water,  and  that  the  average  life  of  the  lamps  used  for  the 
purpose    approximated    3000    hr. 

John  C.  Sparks  followed  with  his  paper  on  the  "Chem- 
istry of  Raw  Water  Ice."  dealing  especially  with  the  agita- 
tion and,  therefore,  the  volume  of  air  required  for  different 
waters.     The  author  had  made  a  series  of  tests  on  the  proper 


"Electricity  for  Ice  Making  and  Refrigeration  as  Supplied  by 
the  Central  Station."  In  the  early  paragraphs  the  author 
had  stated  specifically  that  the  paper  would  dwell  principally 
on  the  question  of  rates.  The  audience  was  looking  for 
just  this  information,  but  was  doomed  to  disappointment.  Mr. 
Stevens  told  them  why  their  generating  cost  was  lower  than 
that  of  the  isolated  plant,  the  purchase  of  immense  quanti- 
ties of  coal,  its  cheaper  handling  due  to  better  facilities,  and 
fhe  high  efficiency  of  the  large  units  being  the  principal 
reasons.  The  cost  of  distribution  was  practically  negligible 
as  to  a  refrigerating  plant  current  was  transmitted  directly 
at  high  voltage  from  the  nearest  generating  station.  As  to 
profits  these  were  extremely  low.  The  central  station  could 
give  low  rates  as  the  maximum  refrigerating  load  came  at 
the  right  time  of  the  year  to  better  their  annual  load  factor. 
Systems  of  charging  were  explained  and  some  useful  tables 
were  incorporated  giving  the  power  required  for  refrigerat- 
ing and  ice-making  purposes,  but  not  a  word  on  rates,  the 
information  the  audience  was  looking  for  and  that  which  they 
had    been    led    to    expect   by    the    author    himself. 

In  the  discussion  C.  G.  Armstrong,  of  New  York  City, 
favored  motors  for  small  refrigerating  plants  but  in  most 
cases  had  not  found  the  rates  satisfactory.  In  the  cen- 
tral station  the  operating  cost  was  less,  but  this  did  not  take 
into  account  the  expensive  selling  force,  the  heavy  trans- 
mission loss,  the  difficulty  of  transmitting  the  power  from  the 
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motor  to  the  compressor,  and  the  probability  of  using  ex- 
iiaust  steam  for  heating-.  There  were  cases  where  the  power 
should  be  purchased  but  generally  the  isolated  plant  gave  the 
Jest  results.  The  whole  question  was  not  how  the  central 
station  could  do  it,  but  for  what  they  could  sell  current.  As 
?.xpressed  by  John  E.  Starr,  it  was  a  question  of  bargain  and 
sale.  Approximately  43.77  kw.-hr.  were  required  per  ton  of 
-efrigeration.  Uptodate  engineers  of  today  are  fairly  well 
posted  on  the  cost  of  an  isolated  plant,  the  extra  labor  re- 
juired  for  firing,  depreciation  and  fixed  charges,  etc.  It  is 
not  a  question  of  how,  but  what  can  the  central  station 
sell  at? 

Mr.  Fairbanks  of  the  Quincy  Market  Cold  Storage  &  Ware- 
house Co.,  of  Boston,  said  that  this  company  had  discussed 
Lhe  question  of  rates  with  the  Edison  Electric  &  Illuminat- 
ing Co.  The  company  has  a  peak  load  of  10,000  hp.,  mostly 
refrigeration  and  some  power  and  lighting.  For  24-hr. 
service  the  best  rate  they  could  obtain  was  2c.  per  kw.-hr., 
ind  as  they  were  already  producing  the  same  unit  for  %e. 
it  was  not  deemed  advisable  to  scrap  their  plant. 

J.  L.  Flock  referred  to  an  ice  plant  in  Brooklyn  which  was 
paying  a  2V4c.  rate  to  the  Edison  Co.  Adding  fixed  charges  to 
this  would  sink  the  company  on  $2  Ice.  Charles  H.  Herter 
called  attention  to  the  150-ton  raw-water  plant  of  the  Bay 
Ridge  Manufacturing  Co.,  of  Brooklyn,  which  was  furnished 
power  for  the  year  at  a  minimum  chajge  of  $18,000,  amount- 
ing to  about  O.Sc.  per  kw.-hr.  This  rate  was  explained  by 
r.  I.  Jones,  of  the  Brooklyn  Edison,  on  the  basis  of  the  annual 
load  factor.  In  January  and  December,  that  is  at  both  ends 
of  the  year  their  output  was  maximum,  and  during  the 
summer  months  there  was  a  deep  valley  in  the  load  curve. 
To  fill  this  up  with  a  load  heavy  in  summer  and  light 
in  winter  was  the  aim  of  the  company.  The  refrigerating 
plant  had  just  this  characteristic,  so  that  the  company  could 
afford  to  dispense  with  the  fixed  charges  and  make  a  rate 
that  would  allow  only  a  small  profit  on  the  operating  cost. 
The  company  had  a  sliding  scale  of  $80,  $75  and  $70  per 
kilowatt  per  year,  and  by  dividing  by  the  hours  of  service 
in  each  particular  plant,  it  would  be  an  easy  matter  to  de- 
termine  the   rate    per    unit. 

It  was  the  consensus  of  opinion  at  tlie  meeting  that  it 
was  rather  hard  on  the  light  and  other  power  users  to  be 
forced  to  pay  all  of  the  fixed  charges,  and  that  the  proposals 
made  by  Mr.  Jones  smacked  of  discrimination.  Mr.  Price,  of 
the  De  La  Vergne  Machine  Co.  gave  some  data  to  the  effect 
that  an  oil-engine  plant  could  furnish  power  on  3V4c.  Mex- 
ican oil  at  17c.  per  ton  of  ice,  which  with  an  allowance  of 
$200  for  lubrication  would  make  the  power  charge  at  the  Bay 
Ridge  plant  $7000  instead  of  the  $18,000  charged  by  the 
Edison  Co.  The  engine  installation  would  cost  $30,000 
more,  but  with  an  annual  saving  of  $11,000.  the  plant  would 
pay  for  itself  in  three  years  and  after  that  save  $11,000 
annually  over  Edison  current. 

An  interesting  talk  by  F.  N.  Speller  on  "The  Manufacture 
of  Pipe  from  Ore  to  the  Finished  Product,"  illustrated  by 
moving  pictures,  was  the  feature  of  the  evening  session. 
The  pictures  were  excellent  and  in  following  the  metal  from 
mine  to  pipe,  gave  a  consecutive  idea  of  the  various  processes 
that  could  never  be  obtained  by  a  casual  inspection  of  the 
mills. 

In  the  fourth  and  last  session  on  Tuesday  morning,  E.  S. 
H.  Baars'  paper  reviewed  the  feed  systems  of  refrigerating 
coils  and  their  respective  advantages.  Naturally  the  paper 
took  up  the  three  groups  into  which  the  various  systems  may 
be  divided;  The  force  feed  or  direct-expansion  system,  the 
gravity  feed  on  flooded  system  and  systems  which  are  a 
combination  of  the  two.  This  paper  will  be  given  further  at- 
tention  in   an   early   issue. 

J.  C.  Bertsch  read  a  paper  on  "The  Saturatic  Cycle  of  Com- 
pression." In  this  cycle  the  vapor  remains  saturated  through- 
out the  entire  operation.  To  prove  that  such  a  cycle  is  not 
only  practical  but  the  most  eflBcient  of  all  practical  cycles,  the 
author  by  means  of  simple  entropy  diagrams  and  tabulated 
data  compared  it  with  the  purely  theoretical  Carnot  cycle  as 
well  as  with  the  wet,  dry  and  strictly  adiabatic  systems. 
Severe  criticism  of  the  paper  was  made  by  Prof.  L.  S.  Marks, 
of  Harvard  University.  He  objected  to  the  term  "Satu- 
ratic" and  to  the  author's  representation  of  the  Carnot  cycle. 
The  efliciency  of  the  Linde  cycle  as  given  was  not  correct  and 
this  put  all  the  other  cycles  in  error.  The  deductions  for 
practical  working  were  wholly  gratuitous  and  the  method  of 
calculating  the  heat  exchange  in  the  walls  of  the  compressor 
cylinder  surrounded  with  ammonia  was  not  in  accordance 
with  facts.  The  time  of  compression  (about  5  sec.)  was  so 
short  that  there  was  no  time  to  reduce  the  body  of  the  gas  to 
anywhere  near  the  temperature  of  the  cooling  walls.  An 
oral  reply  was  not  vouchsafed  by  the  author,  but  a  written 
discussion  was  promised  in  the  near  future. 

"Defining  the  Heat  Conductivity  of  Insulators,"  by  Charles 


H.  Herter,  was  the  final  paper,  which  was  interesting  and 
valuable  as  it  compared  the  various  methods  of  testing  in- 
sulation now  employed,  the  results  obtained  and  incidentally 
showed  that  the  formula  most  generally  used  for  calculating 
the  flow  of  heat  through  a  wall  or  insulated  surface  over- 
estimated the  insulating  value  of  nonconductors  by  10  to  20 
per  cent.  The  author  emphasized  the  difference  between 
air  and  surface  temperatures,  showed  the  effect  of  air  velocit.v 
and  humidity,  explained  the  construction  of  a  temperature 
curve  and  in  conclusion  suggested  a  standard  method  of  re- 
porting conductivity  tests  in  which  all  the  data  necessary 
would  be  included.  A  direct  comparison  would  then  be  pos- 
sible  between    different    insulating    mediums. 

H.  C.  Dickinson  of  the  Bureau  of  Standards  stated  that 
the  Bureau  had  made  a  start  in  the  testing  of  insulation. 
There  were  three  factors  to  be  considered;  the  heat  con- 
ductivity of  the  insulation,  heat  transmission  by  convection 
and  heat  transmission  by  radiation.  Tests  as  now  conducted 
introduced  these  three  indefinite  factors  and  in  attempting  to 
obtain  all  of  them  at  the  same  time  error  is  sure  to  result. 
Two  of  the  variables  should  be  eliminated,  convection  and 
radiation,  and  it  would  then  be  easy  to  determine  the  con- 
ductivity of  the  material,  which  is  really  the  factor  that  dif- 
ferentiates one  type  of  insulation  from  another.  The  other 
factors  could  be  determined  afterwards  by  separate  tests. 

F.  E.  Matthe^vs  thought  that  the  point  of  greatest  im- 
portance was.  what  the  insulation  was  going  to  do  after  it 
was  installed.  It  was  essential  to  first  get  the  heat  con- 
ductivity of  the  material  itself,  and  this  should  be  closely 
followed  by  the  total  conductivity  of  the  installation,  which 
would  include  surface  resistance  on  which  there  was  very 
little  authentic  data.  A  committee  to  cooperate  with  the 
Bureau  of  Standards  was  suggested  and  a  motion  to  this 
effect  passed,  the  appointment  being  left  to  the  incoming 
president. 

Mr.  Dickinson  was  then  called  upon  to  explain  the  Bu- 
reau's method  of  testing.  The  apparatus  consisted  of  three 
copper  plates,  about  S  in.  square,  in  which  were  embedded 
sensitive  thermo-couples  to  give  the  temperatures.  Between 
the  plates  the  insulation  was  placed  and  it  was  an  easy 
matter  to  obtain  the  conductivity  per  unit  of  surface.  The 
conductivity  of  air  fi'om  thicknesses  of  0.01  to  1  in.  could 
also  be  obtained.  In  completing  the  discussion  Mr.  Herter 
explained  his  method  of  employing  hot-  and  cold-water  tanks 
with   the   insulation   between. 

Only  a  few  minutes  before  adjournment  one  of  the  topical 
discussions  on  ".\mmonia  Purifiers  or  Regenerators,"  Avas 
started,  but  developed  into  a  rather  indefinite  discussion  on 
the   temperature  at  which  ammonia   disintegrates. 

The  dinner  in  the  evening  in  the  Jungle  Room  at  Healy's 
was  an  enjoyable  event  which  helped  to  bond  the  ties  of 
friendship  and  draw  closer  together  the  attending  members 
of  the  society.  John  E.  Starr  was  toastmaster  and  his  se- 
lection was  surely  a  happy  choice.  Speakers  from  the  states 
of  Washington.  Utah.  Illinois,  Kentucky  and  on  East  to  the 
Atlantic  were  listened  to  with  interest,  and  of  them  all  the 
eloquent  address  of  Retiring  President  Neff  will  be  remem- 
bered in  years  to  come.  His  enthusiasm  in  the  work  of  the 
society  and  sincere  interest  in  the  younger  members  were 
again   in  evidence  and  appreciated  by  the  diners. 


Lecture  on  Lentz  Engine 

About  75  engineers  listened  to  an  interesting  lecture  on 
the  Lentz  engine  and  superheat,  by  Mr.  McHose,  of  the  Erie 
City  Iron  Works,  before  No.  3  Association,  N.  A.  S.  E.,  at 
Newark,    N.    J..    Monday    evening,    Dec.    1. 

Mr.  McHose  pointed  out  that  poppet  valves  had  long  been 
used  in  marine  practice  where  slow  speeds  prevailed,  and 
that  later  in  Germany,  this  type  of  valve  was  improved  and 
adapted  to  high  speeds.  At  present  the  Lentz  engine,  using 
poppet  valves,  is  adapted  to  speeds  up  to  350   r.p.ra. 

To  show  the  advantage  of  this  type  of  valve  over  a 
Corliss  valve  for  the  same  power  engine,  an  illustration  (lan- 
tern slide)  was  thro^vn  on  the  screen,  showing  the  relative 
sizes.  The  Corliss  valve  had  six  times  as  much  rubbing  sur- 
face and  considerable  additional  weight,  requiring  more  lub- 
ricating oil  and  more  power  to  operate.  It  was  pointed  out 
that  the  poppet  type  of  valve  was  much  better  adapted  to 
high  superheat,   so  essential  to   good  economy. 

Some  interesting  views  of  European  power  plants  using 
Lentz  engines  were  shown.  The  engines  in  one  of  these 
plants  operate  at  192  lb.  pressure  270  deg.  F.  superheat  and 
26-in.  vacuum.  Views  of  locomotives:  both  Industrial  and 
express,   using  poppet  valves  were  shown. 

An  illustration  of  an  old  Sulzer  engine  (a  poppet-valve  en- 
gine of  German  make)  which,  the  speaker  said,  was  imported 
in   1SS5   for  a  brewery  was  shown.     Mr.  McHose  claimed   that 
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till-   t-ngine   had   been   in   almost  constant  service  since  its   in- 
sinuation,   and    tile   valves    iiave    never    been    reground. 

In  tiie  discussion  which  followed  the  lecture.  Mr.  McHose 
sl:itt'd  that  no  trouble  was  experienced  in  finding  an  oil  to 
ni\e  good  lubrication  under  very  high  superheats.  He  men- 
tiiiiu'd  that  there  were  many  plants  operating  Lentz  engines 
under  200  !b.  absolute  steam  pressure  and  200  deg.  superheat, 
a   total  heat   of 

3S1.9     +     200    =    5S1    deg.    F. 
A   not    uncommon   practice    in   Germany,    the   speaker   said, 
was  to  operate  engines  at  200  lb.  steam  pressure  and  250  deg. 
P    superheat. 

When    the    engineers    for    the    Brie    City    Iron    "Works,    li- 
censed   builders    of    the    Lentz    engine    in    the    United    States, 
visited   Germany   to   investigate   the   Lentz   engine,    they   found 
L    many   industrial    plants    of   about    100    hp.    using  highly   super- 
[   heated  steam.     Locomobiles   using  poppet  valves  were  shown. 

Mcintosh    &    Seymour  Corporation  to 
k  Manufacture  Diesel  Engines 

F         It   is   announced    that   a   New    York    State    charter    has   been 
[   granted  to  the  Mcintosh    &  Seymour   Corporation,   which   will 
f    engage  extensively  in  the  manufacture  of  a  complete   line  of 
'    stationary   and   marine   Diesel   engines.      The   company   will    be 
backed    not    only    by    large    American    interests,    but    also    by 
Swedish   capitalists   who    now  control    the   Swedish   Diesel   Mo- 
tor Co.,  which  has  a  wide  reputation  as  the  builders  of  Diesel 
engines    on    the    Hesselman    system. 

The  new  corporation  will  take  over  the  plant  and  organ- 
ization of  the  Mcintosh  &  Seymour  Co.,  of  Auburn,  N.  T., 
whose   present   steam-engine    business   will    be    continued. 

The  board  of  directors  is  composed  of  Marcus  Wallenberg, 
president    Stockholms     Enskilda    Bank.     Stockholm.     Sweden; 
Frank  A.  Vanderlip.  president  National  City  Bank,  New  York; 
Thatcher  M.  Brown.  Brown  Brothers  &  Co.,  New  York;  Edwin 
S.  Church,  Auburn,  N.  Y'. ;  J.  A.  Seymour,  Auburn,  N.  Y.;  Frank- 
lin   B.    Kirkbride,    New    York    City;    Oscar    Lamm,    Stockholm, 
Sweden;     Philip    W.     Henry,     New     York     City.       The     general 
counsel  is  W.  M.  Coleman,  New  York   City.      Edwin  S.  Church, 
formerly    superintendent   of    the    Akron    plant    of   the   Interna- 
[    tional   Harvester   Co.,   will    be   the    executive   head    of    the    new 
'   corporation,   and   J.   A.   Seymour,   president   of  the   Mcintosh   & 
Seymour  Co..  will  be  the  vice-president   and  in  charge  of  en- 
gineering.     The    initial    capitalization    will    be    $2,200,000    and 
(the    stock    one-half    common    and    one-half    6    per    cent,    cumu- 
lative and   participating  preferred. 
In    1S98    the   Swedish   Motor   Co.    started    building   these   en- 
gines.    Many  of  the  designs,   as  the  fuel   pump,   the  atomizer, 
I   details   of   pistons,    etc.,   have   been   purchased   and   adopted   by 
I   many    other    leading    European     builders    of     Diesel     engines. 
Chief  Engineer  K.  Jonas  E.  Hesselman   has  been  knighted  by 
the    Swedish     Crown     in     recognition      of      his      distinguished 
achievements   in   this  line. 

The   Mcintosh    &   Seymour   Co.   in    the   past   has   been    most 
successful    in    this   country,    and    has    a    large   export    business. 
It  has  for  some  time  been  commented  upon,  in  view  of  the 
successful    Diesel-engine    business    being    done    by    many    Eu- 
ropean   concerns,     that    no    attempt    has    been    made    in    this 
tcountry    to    build    a    full    line    of    Diesel    engines    of    a    design 
'.  which   has    proved    to    be   a    commercial    success   in    actual    use 
and  where  the  actual  cost  of  fuel  oil  is  generally  much  lower 
than   in   Europe. 

In  addition  to  furnishing  exclusive  licenses  for  their  valu- 
able  patents    for    the    Western    Hemisphere,    the    Swedish    in- 
terests  in  the  new  American  company  insure  their  active  aid 
'  and    cooperation    by    furnishing    a    large    part    of    the    working 
capital,    and    furthermore,    will    take    an    active    part    in    the 
actual    building    of    the    American    engines.      Mr.    Wallenberg, 
the   principal    stockholder   of   the    Swedish   Motor   Co.,    and   Mr. 
Hesselman.    the    chief    engineer,    have    been    in     this    country 
r  investigating   the   situation,    and    the    sizes    and    speeds    desir- 
Lable   to  conform   to   American   standards   and   conditions. 


National  Conservation  Congress 

At  its  fifth  annual  sessiun.  held  in  Washington  on  Nov.  IS, 
19  and  20,  the  National  Conservation  Congress  split  into  two 
factions  over  questions  of  grants  of  water  power  sites  and 
control  of  water-power  companies.  The  majority  faction,  led 
by  Gifford  Pinchot,  father  of  the  congress,  adopted  resolu- 
tions after  three  days  of  acrimonious  debate,  declaring  that 
no  grants  of  water-power  sites  should  be  made  in  perpetuity, 
while  perhaps  a  hundred  delegates  who  opposed  this  action 
and  had  urged  that  all  powers  of  regulation  be  left  in  the 
hands   of  the   states   instead   of   the    Federal  government,   left 


the  convention  and  announced  their  purpose  of  calling  a  con- 
vention in  the  near  future  tor  the  organization  of  a  rival 
conservation  association. 

The  states  rights  proposals  were  voted  down,  and  the 
Pinchot  resolution  adopted  by  a  vote  of  about  three  to  one. 
The  resolution  which  led  to  the  breaking  up  of  the  conven- 
tion   in    confusion,    was    as    follows: 

WHEREAS,  concentrated  monopolistic  control  of  water 
power  in  private  hands  is  swiftly  increasing  in  the  United 
States,  and  far  more  rapidly  than  public  control  thereof;  and 
WHEREAS,  this  concentration,  it  it  is  fostered,  as  in  the 
past,  by  outright  grants  of  public  powers  in  perpetuity,  will 
inevitably  result  in  a  highly  monopolistic  control  of  mechan- 
ical power,  one  of  the  bases  of  modern  civilization,  and  a 
piime  factor  in  the  cost  of  living;  therefore, 

BE  IT  RESOLVED,  that  we  recognize  the  firm  and  ef- 
fective control  of  water  power  corporations  as  a  pressing  and 
immediate  necessity  urgently  required  in  the  public  interest; 
That  we  recognize  that  there  is  no  restraint  so  complete, 
eftective,  and  permanent  as  that  which  comes  from  firmly  re- 
tained public  ownership  of  the  power  site; 

That  it  is,  therefore,  the  solemn  Judgment  of  the  Fifth 
National  Conservation  Congress  that  hereafter  no  water 
power  now  owned  or  controlled  by  the  public  should  be  sold, 
granted,  or  given  away  in  perpetuity,  or  in  any  manner  re- 
moved from  the  public  ownership,  which  alone  can  give  sound 
basis  of  assured   and    permanent   control. 

Opponents  of  the  Pinchot  ideas,  which  gave  rise  to  the 
conservation  movement  during  the  Roosevelt  administration, 
declared  in  the  congress  that  up  to  the  present  time  the  whole 
movement  had  been  one  of  "reservation"  rather  than  con- 
servation. Although  the  critics  of  the  government's  water 
power  policy  were  in  the  minority  in  the  congress,  they  were 
loud  in  their  denunciation  of  the  effects  produced  by  the 
reservation  of  power  sites  from  unrestricted  development. 
The  delegates  who  fought  to  reverse  the  present  policies,  and 
joined  the  secession  ranks  when  they  were  beaten  were  al- 
most wholly  from   western  and  southern   states. 

Three  reports  from  the  water-power  committee,  presented 
on  the  first  day  of  the  sessions  of  the  congress,  started  the 
fight,  which  monopolized  attention  to  the  practical  exclu- 
sion of  consideration  of  forestry,  which  was  on  the  program 
for   the   main    topic   of   debate. 

The  minority  report,  upon  which  the  Pinchot  resolution 
was  based,  and  which  provoked  the  most  criticism,  was 
signed  by  Mr.  Pinchot,  Joseph  N.  Teal,  of  Oregon,  and  former 
Secretary  of  War  Henry  L.  Stimson,  of  New  York.  Those  who 
signed  the  majority  report,  which  urged  a  more  liberal  policy 
in  the  granting  of  rights  to  water-power  companies  and  ap- 
parently objected  to  the  inclusion  of  certain  statistics  from 
the  report  of  the  commissioner  of  corporations,  were  George 
B.  Swain.  Lewis  B.  Stillwell,  Marshall  O.  Leighton,  Edwin  S. 
Webster  and  B.  M.  Hall. 

A  general  statement  of  the  broad  principles  of  conserva- 
tion, upon  which  the  committee  was  unanimous,  was  pre- 
sented by  Mr.  Stimson,  and  was  adopted  by  the  convention 
without  opposition.  This  summary  proposed  that  no  grants 
or^Jeases  of  power  sites  should  be  made  except  under  regu- 
lation,  for  the  protection  of  the   public  interest  at  stake. 

The  minority  report  declared  that  the  central  fact  and 
gravest  danger  in  the  waterpower  situation  is  concentration 
of  control.  Ten  groups  of  power  interests,  it  asserted,  con- 
trol 65  per  cent,  of  all  the  developed  waterpower  in  the  United 
States,  and  some  of  these  groups  are  further  related  through 
interlocking  directorates.  While  two  years  ago  the  ten 
largest  groups  of  waterpower  interests  controlled  but  3,270.- 
000  hp.  developed  and  undeveloped,  it  was  declared,  today  the 
ten  greatest  groups  control  6,270,000  hp,,  the  amount  of  con- 
centration toward  monopoly  having  doubled  in  two  years. 
Concentration  in  ownership  of  waterpower,  it  was  said,  has 
increased  in  five  years  about  seven  times  faster  then  power 
development. 

These  facts,  the  report  asserted,  showed  the  fallacy  of  the 
charge  frequently  made  that  conservation  has  locked  up  wa- 
ter-power sites  and  prevented  their  acquisition  for  develop- 
ment. The  waterpowers  held  by  the  ten  greatest  groups  of 
power  interests,  developed  and  under  construction,  for  the 
years  1911  and  1913,  as  compared  with  the  undeveloped  wa- 
terpowers held  by  the  same  interests,  were  shown  to  be  as 
follows: 

1911  1913 

Developed    horsepower    1,821,000      2,711000 

Undeveloped    horsepower     1,450,000      3,500,000 

In  refutation  of  the  charge  that  the  system  of  regulation 
under  which  the  waterpower  sites  in  the  Forest  Service  are 
granted  is  stifling  development,  discouraging  capital  and 
holding  back  industry,  the  report  showed  that  of  the  total 
waterpower  development  in  the  United  States  to  date,  nearly 
one-third  has  been  developed  or  is  licensed  for  development 
in   the  National   forests,   under  government   regulation. 

"The  fight  for  the  conservation  of  the  public  water- 
powers."  the  minority  report  asserted,  "is  first  of  all  a  fight 
against  monopoly.  But  the  second  prime  necessity  in  the 
public  interest  is  to  forbid  and  prevent  the  speculative  hold- 
ings of  powers  unused,  and  to  force  the  prompt  and  full  de- 
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elopment  of  the  vast  aggregate  of  power  resources  now 
leld  idle  and  unproductive  under  concentrated  private  con- 
rol.  If  we  take  the  valuation  of  $45  per  horsepower,  the 
raterpowers  now  held  undeveloped  in  the  control  of  the  ten 
rreat  groups  of  interests,  represent  a  total  annual  loss  to 
he  country  of  $160,000,000   worth   of  power. 

The  three  essentials  of  a  sound  waterpower  policy,  de- 
lared  the  minority  report,  should  be:  (1)  Prompt  develop- 
nent;  (2)  Prevention  of  unregulated  monopoly;  (3)  Good 
ervice  and  fair  charges  to  the  consumer.  All  interstate  power 
lusiness  should  be  under  Federal  control  and  regulation,  de- 
lared  the  report,  as  should  also  all  development  of  water- 
lowers  on  navigable  streams  and  those  in  the  National 
i'orests  and  the  public  domain.  The  minority  report  recom- 
nended  that  franchises  for  grants  of  power  sites  and  power 
irivileges  under  government  regulation,  should  be  made  for 
lot  longer  than  fifty  years,  with  the  power  in  the  hands  of 
he  government  to  revolve  the  franchise  for  cause  at  any 
ime,  and  to  revoke  it  at  the  discretion  of  the  government 
.fter  thirty  years.  Such  franchises  should  be  non-assignable 
nd  non-transferrable  except  with  the  consent  of  the  govern- 
nent,  and  the  government  should  participate  in  the  profits  of 
he  operating  companies  above  a  fixed  percentage  on  the  in- 
estment,  to  be  stated  in  the  franchise.  It  was  also  pro- 
)Osed  that  in  cases  of  waterpowers  on  navigable  streams,  the 
iroceeds  derived  by  the  government  should  go  to  the  im- 
>rovement  of  navigation. 

The  majority  report,  presented  by  Professor  Swain,  of 
larvard,  was  a  lengthy  document  which  referred  briefly  to 
he  dangers  of  monopoly  shown  by  the  control  of  65  per 
:ent.  of  all  the  developed  power  in  the  country  by  ten  groups 
if  waterpower  interests,  and  placed  great  emphasis  upon  the 
lecessity  for  prompt  development  of  water  powers  to  en- 
•ourage  Industry  and  conserve  the  coal  supply.  In  order  to 
■ncourage  investment  of  private  capital  in  waterpower  en- 
erprises.  the  Swain  report  proceeded,  three  essential  features 
)f  a  waterpower  policy  must  be:  (1)  Definiteness  in  the  con- 
ract  entered  into:  (2)  The  prospect  of  a  sufficiently  attrac- 
ive  return,  commensurate  with  the  risk  involved:  (3)  The 
)rotection  of  the  courts  in   case  of  dispute. 

In  the  case  of  navigable  streams  as  pointed  out  by  the 
najority  report  there  are  two  conditions  to  be  considered: 
iVhere  the  Government  builds  the  dams  to  improve  naviga- 
ion  and  where  the  dams  are  built  by  private  capital  for  the 
ievelopment  of  power.  In  the  first  case  the  waterpower  is  a 
)yproduct  of  the  navigation  works  and  inasmuch  as  the  Gov- 
ernment has  gone  to  the  expense  of  building  the  dam.  the 
rrantee  of  the  power  permit  should  pay  a  reasonable  com- 
)ensation.  In  the  second  case,  however,  the  Government  may 
)e  benefited  through  greater  navigability  ot  the  stream  with- 
)ut  expense  to  itself  and  the  interests  of  conservation  may 
)e  best  served  by  making  no  charge,  the  improvement  in 
lavigation  brought  about  by  the  construction  of  the  dam  and 
ocks  being  accepted  in  lieu  of  charge.  The  Secretary  of 
rt'ar  should  see  to  it,  however,  that  the  operation  of  the 
Dlant   will    not    obstruct    navigation.  

The  Swain  report  favored  the  granting  of  indeterminate 
'ranchises  for  power  sites,  subject  to  revocation  only  upon 
Dayment  of  the  fair  value  of  the  property.  Where  applica- 
ion  was  made  by  states  or  subdivisions  of  states  tor  in- 
leterminate  grants  of  power  sites  on  navigable  streams  or 
n  the  public  domain,  the  report  proposed,  the  government 
should  not  exact  a  return. 

The  final  paragraphs  of  the  Swain  report  were  the  por- 
;ion  of  the  document  which  raised  the  clear  issue  between  it 
ind   the   minority, 

"For  the  conservation  of  our  waterpowers,"  these  para- 
graphs asserted,  "it  is  esential  that  capital  should  be  at- 
:racted  to  these  enterprises,  and  while  we  must,  of  course, 
'uUy  protect  the  interests  of  the  public,  both  present  and 
'uture,  we  are  not  conservationists  if  we  advocate  the  im- 
position of  terms  which  restrict  rather  than  encourage  de- 
.■elopment.  We  must  also  remember  that  under  present  con- 
litions  waterpower  investments  are  not  especially  attractive, 
)nd  that  steam  power  is  a  more  desirable  form  of  power, 
since  it  can  be  located  where  needed,  and  the  supply  regu- 
lated according  to  demand.  Waterpower  is  more  variable, 
ind  furthermore  it  requires,  in  general,  a  very  much  larger 
investment  per  horsepower  than  steam,  though  its  running 
?xpenses  are  less.  Because  of  the  large  first  cost  of  water 
power  developments  the  risk  of  loss  in  case  of  failure  of  the 
?nterprise  is  correspondingly  large.  Capital,  therefore,  does 
not  need  waterpower  enterprise,  and  it  will  not  take  them  up 
10  any  considerable  degree,  unless  fully  protected. 

"It  has  been  estimated  that  we  use  annually  over  480,000,- 
)00  tons  of  coal,  worth  nearly  a  billion  dollars,  in  addition 
to  many  million  dollars  worth  of  other  fuels:  and  that  some 
520O.OOO.00O  worth  of  this  fuel  might  annually  be  saved  by 
the  utilization  of  waterpowers.     When   we  consider  also  that 


the  development  of  waterpower  not  only  conserves  fuel,  but 
directly  serves  to  promote  the  navigability  of  rivers,  we 
should  be  very  careful  how  we  discourage  this  triple  con- 
servation in  order  to  secure  other  results  that  we  may  con- 
sider desirable.  If  we  do  discourage  it  we  may  be  anti- 
monopolists,  or  something  else,  but  we  are  certainly  not 
conservationists." 

Pointing  to  the  fact  that  Mr.  Webster,  who  signed  the 
majority  report,  is  a  member  of  one  of  the  largest  firms  of 
water  power  promoters  in  the  United  States.  Pinchot  adher- 
ents declared  that  the  majority  report  represented  the  special 
interests  of  waterpower  promoters  and  exploiters,  which  it 
placed  ahead  of  the  public  rights  and  interests  in  the  subject. 
It  was  also  freely  charged  that  from  some  of  the  states,  the 
delegations  had  been  packed  in  the  interests  of  private- 
power  interests.  Western  and  Southern  delegates  who  op- 
posed the  declaration  for  Federal  control,  and  finally  seceded 
from  the  congress,  retorted  that  the  majority  of  the  congress 
was  controlled  by  former  cabinet  officers  under  Republican 
administrations,  and  had  been  packed  with  government  em- 
ployees by  these  former  ofllcials. 

A  resolution  urged  by  Southern  delegates,  declaring  that 
all  waterpowers  should  be  under  exclusively  state  regulation, 
was  voted  down  by  about  the  same  vote  by  which  the 
Pinchot   resolution   was   finally   adopted. 

One  of  the  sensational  features  of  the  convention  was  the 
speech  of  Frank  S.  Washburn,  president  of  the  .\merican  Cya- 
namid  Co.,  who  charged  Pinchot  with  being  responsible  for 
the  veto  of  the  Coosa  River  dam  bill,  and  declared  that  this 
policy  had  driven  from  the  United  States  a  great  industry. 
The  Cyanamid  company,  he  said,  had  been  preparing  to  locate 
a  plant  on  the  Coosa  river  ^vhich  would  have  cost  millions 
of  dollars,  for  the  production  ot  nitrogen  from  the  air.  The 
location  of  this  plant  would  have  built  a  city  about  it,  given 
to  the  country  a  new  industry,  reduced  cost  of  fertilizer  and 
increased  crop  yields.  When  the  Coosa  river  bill  was  vetoed, 
he  said,  his  company  located  in  Canada.  Mr.  Washburn. 
Senator  Bankhead  of  .\labama,  and  other  states-rights  ad- 
vocates, insisted  that  the  Federal  government  should  keep  its 
hands  off,  and  permit  any  regulation  of  power  companies  and 
rates  to  be  exercised  by  the  states,  which  would  be  more 
liberal  in  their  policy,  and  would  be  more  active  in  en- 
couraging  power   development. 

President  Wilson  and  Secretary  of  State  Bryan  had  been 
scheduled  to  speak  at  the  congress,  but  did  not  put  in  ap- 
pearance. It  was  unofficially  said  that  they  stayed  away  in 
order  to  keep  out  of  the  dispute  between  the  advocates  of 
state  and  Federal  regulation.  A  political  tinge  was  also 
given  the  convention  by  the  fact  that  practically  all  the  ad- 
vocates of  Federal  regulation  and  ownership  of  power  sites 
were  officials  formerly  connected  with  Republican  adminis- 
trations, while  Democratoc  members  of  the  Congress  from 
Southern  states  led  the  minority  fight  for  state  regulation, 
and    were    leaders    in    the    bolt    from    the    congress. 

An  expected  fight  to  have  the  congress  take  action  in 
opposition  to  the  proposed  congressional  grant  of  reservoir 
and  power  rights  in  the  Hetch-Hetchy  valley,  to  the  city  of 
San   Francisco,  did  not  materialize. 


SOCIETY    NOTES 


The  trustees  of  the  American  Museum  of  Safety  will  hold 
a  safety  and  sanitation  conference  at  Rumford  Hall,  in  the 
Chemists'  Building,  50  East  Forty-first  St.,  New  York  City, 
on  the  mornings  and  afternoons  of  Dec,  10,  11  and  12,  in 
connection  with  the  International  E.xposition  of  Safety  and 
Sanitation.  The  sessions  promise  to  be  most  valuable  to 
those  interested  In  welfare  work  of  any  sort.  Many  well 
known  men  and  women  will  speak  or  lead  discussion.  The 
conference  will  afford  unusual  opportunities  for  learning  re- 
cent developments  in  the  present  nation-wide  movement  for 
accident   and    disease    prevention. 


PERSONALS 


„„nJ 


A.  G.  Machesney.  for  15  years  traveling  engineer  and  loco- 
motive inspector  with  the  Baldwin  Locomotive  Works,  has 
become  associated  with  the  railway  division  of  the  Detroit 
Lubricator   Co. 
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ompressed-Air  Pumping  Plant, Meridian,  Idaho 


I>Y    JvjdiUV    \V.    Al.HhUX 


VOi'SIS — Water  from  an  S-iii.  driven  well  is  ob- 
ed  by  an  air-lift  system.  Air  is  supplied  hy  a  motor- 
en  air  compressor,  hell  connected.  Water  is  stored 
GO.OOO-gal.  sled  tank. 

le  town  of  Meridian,  Idalio,  has  erected  a  pumping 
on.  with  domestic  water-supply  system  and  fire-i)ro- 
on  facilities,  that  offers  many  interesting  features. 
I   cost  of  installation   and   daily   operation   commen- 
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.\iR-LiFT  Pumping   Plant.  Mei!Idi.\n,   Idaho 

e  with  results  obtained,  the  plant  and  system  during 
iod  of  more  than  two  years'  continuous  operation  has 
i:  exceptional  efficiency. 

Water  Supply 
site  for  the  plant,  including  well,  pumping  station 
:ower  tank,  was  selected  at  the  highest  part  of  the 
An  8-in.  well  was  driven  to  a  depth  of  212  ft.  and 
n.  tubing  driven  on  down  to  the  252-ft.  level.  At 
)oint  the  flow  was  encountered  in  a  deep  stratum  of 
?  gravel  underlying  a  stratum  of  tough,  solid  clay, 
iing  to  a  point  about  60  ft.  below  the  surface,  the 
■  had  a  depth  of  about  103  ft.,  and  such  lerel  has 
almost  continuously  maintained.  The  water  is  ex- 
sly  soft,  nonmineralized  and  free  from  ammonia 
nts.  As  taken  directly  from  the  well,  it  has  a  con- 
temperature  of  approximntoly  52  deg.  F. 


Under  the  various  conditions  to  be  considered,  among 
them  being  the  size  of  well  tubing,  an  air-lift  installation 
was  decided  upon  as  being  the  most  suitable  and  elfective. 
An  air  compressor,  driven  by  a  gasoline  engine  was  tem- 
porarily operated  for  testing  and  cleaning  the  well.  The 
results  obtained  were  highly  satisfactory,  indicating  a 
practical  inexhaustible  supply,  and  conclusively  proving 
the  entire  feasibility  of  lifting  the  water  by  a  compressed- 
air  system. 

Pumping  Plant 

An  exterior  view  of  the  pumping  station,  including  the 
steel  water-tower  tank,  is  shown  herewith.  The  well  has 
a  6-in.  outlet  into  a  concrete  receiving  basin.  This  basin 
is  10  and  13  by  7  ft.,  8  in.  deep,  and  has  a  capacity  of 
about  8000  gal.  A  6-in.  outlet  for  discharging  to  waste 
in  an  outside  ditch  is  also  provided;  both  outlets  are 
fitted  with  controlling  gates. 

A  concrete  suction  chamber,  12  ft.  10  in.  by  36  ft.  7 
ill.,  and  S  in.  deep,  adjoins  and  connects  with  the  receiv- 
ing basin.  At  the  terminus  of  this  chamber,  a  4x5-in., 
two-stage  centrifugal  pump  is  installed.  Operated  at 
1120  r.p.m.,  this  pump  has  a  capacity  of  about  625  gal. 
per  min.,  with  the  tank  full.  It  lifts  the  water  from  the 
I'cceiving  chamber  through  a  5-in.  discharge  line  and  dis- 
charges it  into  the  tank  and  distribution  system.  This 
])ump  is  fitted  to  operate  automatically  by  a  float  and 
weight  which,  when  the  water  reaches  a  fLxed  level  in  the 
receiving  basin,  acts,  by  a  system  of  levers,  on  a  friction- 
clutch  coupling  on  the  pump  shaft. 

A  50-hp.,  three-phase,  60-cycle,  220-volt,  alternating- 
current  motor,  with  starting  compensator,  is  directly  con- 
nected to  the  centrifugal  pump  by  tliis  friction-clutch 
coupling.  The  motor  is  i)elt-connected  at  18-ft.  centers 
to  a  10xl2-in.  air  compressor,  located  at  the  recei\ing 
basin.  The  compressor  is  equipped  with  a  3i/^-in.  auto- 
matic unloading  valve  and  a  36-in.  by  6-ft.  vertical  air 
receiver,  and  is  operated  at  165  r.p.m.  Through  a  ly^- 
\n.  air  pipe,  suspended  in  the  6-in.  well  tubing,  the  air 
is  si'iit  down  170  ft.  in  the  well.  This  air  pipe  is  fitted 
witli  a  reverse  elbow  at  the  bottom  so  that  when  released 
the  air  acts  directly  in  lifting  the  volume  of  water. 

Watef^-Wokks  System 

The  watc7--works  distribution  system  comprises  about 
20,000  ft.  of  4-in.,  6-in.  and  8-in.,  extra-heavy,  wood- 
stave,  wire-bound  water  pipe.  This  pipe  was  carefully 
laid  under  expert  supervision.  The  trenches  were  puddled 
from  irrigation  ditches,  and  the  tenon  ends  of  the  pipes 
were  painted  with  boiler  asphaltum  tar  before  being 
driven  into  the  couplings.  The  pipe  was  kept  from  sun- 
light until  placed,  and  is  estimated  to  have  a  life  of  at 
least  40  years.  Controlling  gate  valves  divide  the  sys- 
tem into  eight  sections. 

The  steel  water-tower  tank  is  110  ft.  high  from  the  top 
of  the  foundations  to  the  water  surface  when  full,  and 
has  a  capacity  of  60,000  gal. 

Summary  of  Tests 

Shortly  after  the  installation  of  the  plant,  tests  were 
made  to  accuratelv  determine  the  capacity  of  the  various 
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coiiiponeiits  oi  tlio  station,  and  the  24-hr.  domestic  con- 
sumptiou  iu  the  town.  The  results  of  these  tests  showed 
that  the  maximum  cajjacity  of  the  well  was  about  225 
g'al.  per  miii..  with  air  at  38  lb.  pressure.  At  present, 
after  nioie  Ihaii  two  years'  continuous  pumping,  this  flow 
has  largely  increased.  The  well  capacity  with  about  40 
lb.  air  pressure  is  now  about  400  gal.  per  min.,  which 
more  nearly  equalizes  the  air-compressor  and  centrifugal- 
pump  capacities. 

The  capacity  of  the  centrifugal  punijj,  witli  the  tank 
full,  was  found  to  be  about  625  gal.  per  min.,  as  rated, 
rhe  static  head  on  the  pump  is  about  112  ft.,  and  the 
iuction  lift  is  not  over  8  ft. 

The  time  required  to  fill  the  receiving  basin  up  to  the 
30int  where  the  pump  starts  to  operate  automatically 
vas  found  to  he  about  34  min. 

"When  tlie  centrifugal  pump  starts,  there  are  about  7500 
jal.  ill  t!iis  chamber.  To  empty  the  basin  when  full, 
vith  the  air  compressor  discharging  from  the  well  at  the 
lame  time,  requires  about  18  min.  By  throttling  the 
rate  valve  on  the  force  main,  the  capacity  of  the  ]nimp 
•an  be  reduced,  so  that  when   vitallv  needed,   as   in   the 


case  of  a  serious  fire,  a  supply  of  about  220  gal.  per  min. 
can  be  obtained  indefinitely. 

The  demands  upon  the  plant  and  system  have  now 
considerably  increased,  but  at  the  time  of  making  these 
tests  were  found  to  be  about  64,000  gal.  every  24  hr. 
Based  upon  meter  requirements,  and  a  study  of  consum- 
ers, the  estimated  actual  daily  consumption  per  capita 
was  lictween  90  to  100  gal.,  or  a  domestic  daily  consunip- 
1 1(111  (if  alioiil    10.000  to  45,000  gal. 

The  water  unaccounted  for  lies  between  4000  and  9000 
gal.  per  24  hr.  Considering,  however,  that  the  line  loss, 
or  water  unaccounted  for  any  other  way,  in  a  well  con- 
structed and  carefully  maintained  cast-iron  pipe  system, 
with  lead  joints,  will  average  between  2500  and  3000  gal. 
per  mile  of  cast-iron  pipe  per  24  hr.,  it  is  seen  that  this 
wood-pipe  distribution  installation  is  more  efficient  than 
the  average  cast-iron  pipe  system. 

The  entire  cost  of  the  pumping  plant  and  water-works 
system  w'as  about  $24,000  complete.  It  was  designed 
and  erected  under  the  supervision  of  Edmund  M.  Blake, 
to  whom  the  writer  is  indebted  for  considerable  data  re- 
garding this  ])lant. 


I 


Further  Studies  in  Corrosion 


In  addition  to  the  recent  studies  in  corrosion  (Powek, 
)ct.  11,  1913,  p.  531;  and  Oct.  28,  1913,  Nov.  18)  it 
3  worth  while  to  abstract  the  conclusions  in  other  re- 
ent  publications  treating  this  subject.  In  Technical 
'aper  Xo.  15  of  the  Bureau  of  Mines  ("An  Electrolytic 
letliod  of  Preventing  Corrosion  of  Iron  and  Steel"),  J. 
[.  Clement  and  L.  A\  Walker  have  told  of  studies  in  the 
orrosion  of  iron  tubes  in  diluted  acids.  They  refer  at 
ome  length  to  G.  Harker's  and  J.  McNamara's  results 
Journal  8oc.  Chem.  Ind.,  p.  1286,  1911)  in  which  an 
;'on  anode  connected  to  an  outside  source  of  power  is 
sed  to  prevent  corrosion.  Harker  concludiMl  that  the 
ountcr  c.m.f.  did  not  prevent  the  solution  of  iron  from 
le  lidiler  tube,  but  that  other  iron  is  deposited  as  fast 
s  it  dissolves.  From  this  Clement  and  Walker  differ, 
ut  the  disagreement  is  of  no  consequence  to  the  opcrat- 
ig  engineer. 

However,  one  practical  conclusion  of  Clement  and 
I'alkcr's  is  important,  they  state  that  a  carbon  anode  (in- 
jluble  anode)  works  equally  well  with  an  iron  one,  if  the 
Direct  counter  c.m.f.  be  applied.  That  is,  using  an  ex- 
!rnal  source  of  power,  neither  zinc  nor  iron  anodes  are 
ecessary,  carbon  will  do  the  trick.  Corrosion  and,  conse- 
aently,  the  protective  current  required,  are  greatly  in- 
•eased  by  oxygen  present  in  the  water,  by  increase  in 
ndity  and  by  stirring. 

The  authors  give  a  table  by  which  it  is  claimed  the 
inviit  necessary  for  protection  can  be  deduced,  but  the 
ay  of  applying  it  to  a  boiler  or  other  steam  appa- 
itus  in  actual  operation  seems  to  be  a  mystery.  How- 
-er,  it  appears  that  under  their  experimental  conditions 
iree  milliamperes  per  square  inch  were  sufficient  to  pre- 
mt  corrosion  even  with  fast  stirring.  This  is  equal  to 
75  watt  per  sq.ft.  of  protected  surface,  or  6.6  kw.-hr. 
:r  sq.ft.  of  surface  per  year.  Nothing  is  said  of  how 
r  from  the  electrode  such  protection  extends  or  of  cal- 
um-carbonate  protective  coatings,  as  in  the  Institute  of 
etals  report. 


The  MiCKOCHEjrisTiiY  of  CoiiriOSiON 

A  paper  by  Cecil  IT.  Desch  and  Samuel  White  before 
the  In.stitute  of  Metals  (of  Great  Britain)  deals  with 
microstructure  of  corrosion.  We  abstract  the  conclusions 
only.  They  emphasize  especially  in  any  experiments 
dealing  with  corrosion  of  brass,  the  necessity  of  distin- 
guishing between  metal  dissolved  and  that  left  as  a  de- 
zincified  layer,  which  may  later  become  detached.  In  ab- 
.sence  of  mechanical  disturbance,  this  may  be  a  protection 
against  further  loss;  usually,  however,  it  is  scaled  ofl', 
exposing  fresh  surfaces  to  attack. 

There  is  no  evidence  that  tin  alloys  have  less  initi?) 
tendency  to  corrode  than  pure  copper-zinc  alloys.  The 
protective  action  of  tin  seems  mainly  mechanical,  due  to 
the  formation  of  a  peculiarly  tough  and  adherent  coat- 
ing of  basic  salt,  wlii.  h  acts  like  a  ]irotective  paint.  The 
presence  of  iron  in  the  brass  greatly  accelerates  corrosion. 

In  some  experiments  of  ,T.  Xewton  Friend,  Walter 
West  and  J.  Lloyd  Bentlcy  {Tranmctions  Iron  and  Steel 
Insiihile,  May,  1913),  there  seem  likewise  to  be  some 
points  worth  cognizance  by  the  engineer  who  is  experi- 
menting on  corrosion.  Certain  nickel  and  chromium 
steels  are  more  resistant  than  any  carbon  steels  to  cor- 
rosion by  tap  and  salt  water,  high-nickel  and  high-chrom- 
ium alloys  being  most  resistant.  Nickel  steels  show  less 
superiority  iu  long  tests  than  in  short,  they  show  a  won- 
derful resistance  for  a  time,  then  break  down  rapidly, 
pointing  to  the  conclusion  that  short  trials  are  not 
enough.  To  exercise  appreciable  influence,  the  nickel 
percentage  should  be  over  three.  A  little  chromium  seems 
to  accelerate  the  solubility — there  seems  some  reason  to 
believe  that  with  about  5  per  cent,  the  maximum  in- 
solubility is  reached,  and  that  above  that  excess  chrom 
ium  again  increases  the  solubility.  Nickel-chromium 
steels  are  more  corrodible  than  when  either  metal  is  taken 
alone. 

Last,  and  most  important  to  the  experimenter,  they 
state : 
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'■'It  is  evideut  ilial  results  in  aoicl-oorrocliiig  nu-ilia 
give  relatively  no  clue  to  the  corrodibility  of  the  metal 
niider  ordinary  conditions  of  exposure.  This,  again,  em- 
phasizes the  fact  that  acceleration  tests  as  usually  car- 
ried out  with   acids  yield  misleading  results." 

This  is  only  too  true. 

CONDK\SEK-TUBE    COKROSION 

Tn  a  paper  before  the  Institution  of  Engineers  and 
Shipbuilders  in  Scotland  (Trans.,  o6th  Session,  p.  37), 
J.  n.  (;.  Morrison  gives  a  review  of  the  electrolytic 
theory  of  corrosion,  then  passes  on  to  the  practical  side, 
basing  his  results  somewhat  on  acid-acceleration  tests. 
He  believes  that  lead  and  iron  in  the  alloys  should  be 
kept  as  low  as  possible;  that  zinc  plates  in  the  condenser 
prevent  dezincification;  and  that  lining  the  tubes  is  a 
good  corrosion  preventive,  if  well  done;  but  if  not,  is 
worse  than  useless. 

He  also  believes  that  pieces  of  carbon  or  cinder,  lodging 
on  the  tube,  may  start  pitting,  apparently  in  disagree- 
ment with  Bengough.  He  suggests  placing  ash  ejectors 
on  the  opposite  side  of  vessels  from  the  main  injection, 
and  to  avoid  pumping  bilge  water  through  the  condenser. 
Tubes  should  all  be  annealed.  The  exhausts  from  auxil- 
iaries should  be  placed  so  steam  does  not  impinge  di- 
rectly on  the  tubes.  ]^o  vegetable  or  animal  oil  should 
be  used  on  any  part  of  the  engine  whence  it  can  work  in- 
to the  condenser.  The  speed  of  the  water  through  it 
should  be  not  less  than  100  ft,  per  min.,  to  prevent  salts 
from  xlepositing  on  the  tubes. 

The  remarks  of  William  H.  Walker  before  the  Society 
of  Chemical  Industry  on  Apr.  25,  1913  {Journal  Soc. 
Chem.  Ind.,  June  16.  191.3,  p.  584),  are  of  more  than 
common  interest,  for  Professor  Walker  has  long  been  the 
leading  exponent  of  the  electrolytic-corrosion  theory,  and 
in  this  speech  seemed  to  depart  from  it.  He  says,  in  part : 

In  the  f5r.st  place  we  have  found  that  the  factors  control- 
ing  the  rapidity  or  extent  of  corrosion  are  by  no  means  so 
simple  as  they  were  at  first  thought  to  be.  Many  conditions 
which  were  considered  of  little  or  no  importance,  have  beeii 
found  to  exert  a  profound  influence  upon  the  reactions  in- 
volved. For  example,  samples  of  iron  and  steel  which  ex- 
hibit marl<ed  differences  in  corrosion  exposed  in  the  normal 
condition  in  which  they  came  from  the  mill,  fail  to  show  any 
diiference  upon  exposure,  "when  they  are  first  planed  to  a 
uniform  surface.  Apparently  the  mechanical  strain  to  which 
the  samples  are  subjected  in  the  planer,  masks  or  neutralizes 
the  difference  in  corrosion  inherent  in  the  noi'mal  material. 
It  is  not  surprising,  therefore,  that  many  conflicting  results 
have  been  obtained  and  published  from  the  investigators  now 
interested  in  this  work.  Only  those  tests  which  have  been 
carried  on  under  identical  conditions  of  surface  finish,  tem- 
perature, access  of  oxygen  and  moisture,  general  atmospheric 
conditions,  etc.,  should  be  given  any  weight,  and  even  when 
the  greatest  care  is  taken,  generalizations  must  be  drawn 
with    caution. 

One  of  the  conclusions  reached  by  a  consideration  of  the 
electrolytic  theory  of  corrosion  which  has  proved  misleading, 
is  that  homogeneity  in  the  material  insures  protection,  while 
heterogeneity  leads  to  rapid  attack.  While  this  is  a  corollary 
which  may  be  logically  drawn  from  the  electrolytic  theory 
and  is  doubtless  in  itself  true,  there  are  evidently  other  fac- 
tors which  superimpose  themselves  upon  those  due  to  differ- 
ences in  structure,  producing  a  final  effect  contrary  to  that 
predicted.  The  iron  of  the  old  chain  bridge  at  Newburyport, 
Slass.,  has  withstood  corrosion  in  a  truly  remarkable  inanner 
for  the  last  98  years;  and  yet  it  is  conspicuous  for  its  hetero- 
geneous structure.  Large  areas  of  perfectly  pure  ii'on,  free 
from  both  carbon  and  slag,  are  mixed  up  with  areas  showing 
at  least  two  kinds  of  slag,  and  very  high  carbon;  yet  all 
withstand  atmospheric  corrosion.  On  the  other  hand.  Bur- 
gess has  shown  that  iron  free  from  all  contaminating  ele- 
ments which  could  segregate  or  produce  a  lack  of  uniformity, 
does  not  withstand  rusting  so  well  as  the  same  iron  to  which 
has  been  added  a  little  manganese  or  copper  or  nickel.  This 
behavior  is   observed   also   in    the   case   of   the   so   called   pure 


irons  made  in  an  openhearth  furnace,  and  which  are  relatively 
free  from  carbon,  manganese,  sulphur,  and  other  constitu- 
ents prone  to  segregation,  which  have  come  to  the  writer's 
notice.  While  theoretically  a  pure  iron  should  withstand 
rust,  there  are  apparentl.v  some  factors  present  which  more 
than  offset  any  advantage  inherent  in  purity.  Obviously, 
conditions  affecting  the  surface  of  the  material  so  soon  as 
rusting  has  started,  are  important  causes  which  have  largely 
been  overlooked  and  which  demand  more  thorough  investi- 
gation. 

Several  hypotheses  have  suggested  themselves  as  explain- 
ing the  marked  effect  of  copper  in  causing  steel  to  resist 
atmospheric  corrosion,  but  as  yet  none  is  sufficiently  tangible 
to  afford  a  working  theory. 

Rapid  progress  has  been  made  in  acquiring  that  linowledge 
of  the  relation  of  pigments  and  finished  paints  to  corrosion, 
which  is  necessary  to  a  better  protection  of  iron  and  steel. 
Predictions  founded  on  theory  that  a  basic  paint,  or  one  con- 
taining a  chromate  pigment  would  inhibit  rusting  while  on,, 
made  up  from  lamp  black  or  graphite  would  accelerate  rust 
ing,  have,  in  the  main,  been  found  correct.  The  effect  of  the 
pigment  upon  the  character  of  the  oil  film  making  up  the 
paint,  however,  has  sho'wn  itself  also  to  be  very  important. 
Many  basic  pigments,  such  as  basic  lead  carbonate  or  zinc 
oxide,  which  in  themselves  inhibit,  do  not  withstand  the 
weather;  lamp  black  and  graphite,  on  the  other  hand,  malcf  i 
very  impervious  and  highly  resistant  paint  film.  The  logir:il 
conclusion  in  protecting  iron  is,  therefore,  to  use  a  basi' 
priming  coat,  a  second  coat  of  a  mixture  of  a  basic  pigment 
and  a  little  lamp  black,  and  when  well  dried  out  to  apply  a 
lamp  black  or  graphite  finishing  coat.  Experience  has  shown 
also  the  importance  of  brushing  the  paint  well  on  to  tli'- 
iron:  a  good  paint  may  fail  on  account  of  poor  application. 

Careful  tests  with  galvanized  work  show  that  an  ev 
coating  of  zinc  is  the  all-important  factor.  The  comin 
practice  of  clean  wiping  galvanized  ware  is  fatal  to  dm 
bility,  since  the  protecting  layer  is  not  metallic  zinc,  bn' 
thin  deposit  of  a  zinc-iron  alloy.  While,  therefore,  much  1 
been  accomplished  in  the  way  of  making  a  more  resist. i 
base,  there  is  still  a  necessity  for  a  uniform  substantial  cc^; 
ing   of  spelter   over  the   surface. 


Automatic  and  Hand-Controlled  Un- 
loading and  Reducing  Valves 

The  purpose  of  this  valve  is,  when  placed  in  a  steam 
line  between  a  high-  and  low-pressure  boiler,  to  auto- 
matically open  and  discharge  the  high-pressure  into  the 
low-pressure  line  to  whatever  pressure  the  valve  is  ad- 
justed. 

The  valve  shown  in  the  accompanying  illustration  is 
in  a  closed  iJosition,  due  to  the  compression  on  the  springs 
BB,  which  are  adjusted  by  the  nuts  AA,  thereby  overcom- 
ing the  high  pressure  on  top  of  the  diaphragm.  When 
this  pressure  increases  above  the  point  at  which  the 
springs  are  adjusted,  the  valve  will  open.  The  position 
uf  the  spindle,  as  shown,  is  for  automatic  service  and  is 
locked  by  the  lever  F.  For  closing  the  valve  by  hand,  the 
lever  F  is  thrown  out  of  the  locked  position,  which  will 
allow  the  valve  spindle  G  to  rise. 

The  steam  above  and  below  the  piston  D  and  also  above 
the  diaphragm,  prevents  chattering  or  hammering  and 
cushions  the  valve  in  opening  and  closing. 

Should  it  be  desired  to  renew  the  rubber  diaphragm  of 
the  valve,  which  is  made  by  the  Golden-Anderson  Valve 
Specialty  Co.,  1217  Fulton  Bldg.,  Pittsburgh,  Penn.,  the 
sleeve  C  is  screwed  down  until  it  locks  itself;  this  allows 
the  piston  D  to  come  in  contact  with  the  seat  E,  closing 
oft'  the  steam  pressure  above  the  diaphragm  by  turning 
down  on  the  handwheel. 

Tn  Fig.  2  is  shown  an  automatic  steam-pressure  reduc- 
ing valve  in  a  closed  position.  The  diaphragm  D  is  of 
copper.  AVhen  the  pressure  on  the  low  side  has  reached 
the  23ressure  at  which  the  valve  or  springs  are  set,  the  pres- 
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siii'c,  still  increasing,  exerts  a  pressure  on  top  of  the  valve 
H,  whose  area  is  greater  than  ii,  and  will  force  the  valve 
I  closed.  The  valve  in  closing  compresses  the  large  springs, 
thns  avoiding  sudden  closing,  chattering  or  hammering. 
The  port  above  the  diaphragm  is  for  the  purpose  of  ]ire- 
veuting  any  leakage  of  steam  that  may  escape  around 
valve  and  spindle,  thus  coming  in  contact  with  the  dia- 


FlG.  1.  HAND-CONTIiOLLKD 

Unloading  Valve 


Fig.  2.  Eeddcing  A'alve  in 
Closed  Position 


])hragm.  The  large  piston  M  cushions  the  valve  in  open- 
i)ig  and  closing.  These  valves  are  desirable  where  aceii- 
laic  and  constant  regulation  is  required. 

Crane-Erwood  Double-Acting  Non- 
return  Cutout    Valve 

These  valves  are  designed  to  close  automatically  in 
1  ;is('  the  operator  opens  a  large  valve  too  quickly.  It 
also  acts  as  a  protection  to  a  boiler  in  the  event  of  a  tube 
bursting,  as  its  nonreturn  feature  prevents  the  back  flow 
of  steam  from  the  main. 

The  valve  will  also  open  automatically  when  the  boiler 
to  which  "it  is  connected  reaches  the  full  pressure  in  the 
main,  but  will  remain  closed  at  a  higher  pressure  in  the 
main ;  consequently  a  sluggish  boiler  may  be  readily  de- 
tected. 

Tn  the  accompanying  illustration,  a  sectional  view  of 
the  valve  is  shown.  The  levers  on  the  outside  of  ilic 
valve  are  in  line  with  the  disks,  and  give  an  indication 
of  their  position  at  all  times. 


The  separate  link,  connecting  the  outside  levers,  may 
be  adjusted  to  suit  the  load  to  be  carried.  Shortening  the 
link  decreases  the  volume  of  steam  passing  through,  the 
valve;  lengthening  the  link  increases  the  volume  and  does 
Jiot  interfere  with  the  automatic  operation  of  the  valve. 
The  valve  may  be  adjusted  to  close  at  any  desired  veloc- 
ity, from  the  outside  of  the  valve. 

This  valve,  which  is  manufactured  by  (he  Crane  Co., 


Valve  in  Xokjial  Tosmox  with  Full  Volume  of 
Steam  Passing  . 

836  Michigan  A\e.,  Chicago,  III.,  is  )nadc  with  a  ferro- 
steel  body  and  hard-metal  seats  and  disks,  and  is  adapted 
for  operation  on  steam  pressure  up  to  250  lb.  at  a  maxi- 
mum temperature  of  500  deg.  F.  The  valve  may  be  ar- 
ranged for  electrical  remote  control  and  may  be  used  for 
tlie  protection  of  long  lines  of  branch  piping. 


Municipal  Plants  Good  .Assets — The  light  plant  and  water 
works  are  working  succes.sful!y  under  ownership  of  Cam- 
bridge City,  Ind..  and  are  the  biggest  assets  it  has  in  keeping 
down  tax  rate.  Recently  a  large  addition  was  built  to  the 
light  plant.  It  has  three  machines  with  an  aggregate  capac- 
ity of  350  hp.  It  will  not  be  necessary  to  use  the  machinery 
to  capacity  for  several  years  unless  additional  factory  power 
is  sold.  The  plant  has  a  good  day  service  as  well  as 
night  and  runs  for  24  hours.  Half  a  dozen  factories  use  the 
power  during  the  day  and  the  streets  are  electrically  lighted 
all  night.  Most  of  the  houses  are  lighted  by  electricity. 
The  water  works,  which  has  been  town  property  but  a  short 
time,  was  improved  a  short  time  ago  and  now  bears  the  dis- 
tinction of  using  one  of  the  two  of  its  kind  of  filtering  sys- 
tem north  of  the  Ohio  river.  The  water  was  formerly  pumped 
from  the  Hagerstown  canal  but  this  was  generally  accepted 
as  being  unsatisfactory.  The  town  board  then  ordered  wells 
dug.  ."^t  the  depth  of  30  ft.  hard  pan  was  struck.  Boring 
through  5  ft.  of  hard  pan,  a  vein  of  excellent  water,  flowing 
through  gravel  at  the  depth  of  35  ft.,  was  found.  This  is  5 
ft.  deep  and  rests  on  hard  pan.  The  bottom  of  the  supply 
Avell  is  40  ft.  deep.  The  filtering  system  is  so  arranged  that 
the  unfiltered  water  flows  above  in  the  well  Following  the 
filtering  process,  the  water  is  pumped  up  from  the  lower 
strata  through  the  lower  part  of  the  filter. 
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Stationary-Boiler  Pop  Safety  Valves 


By  \Vaki;e.\  O.  Rogers 


ji J  .>/.-. — A  iJi.>Lnj/iiuti  of  ihe  method  of  adjusting 
owing-off  point  of  the  principal  makes  of  pop  safety 
!,  also  the  manner  in  vhirh  flie  amount  of  blow 
is  ad' 


3  simplest  form  of  safety  valve  is  what  is  known  as 
ead-weight  type,  in  which  the  valve  disk  is  held 
st  its  seat  and  the  boiler  pressure  by  a  weight.  Al- 
h  this  type  of  valve  is  simple  it  is  cumbersome  and 
daptable  for  high  pressures.  It  is  seldom  seen  in 
lountry  except  on  heating  boilers,  although  it  was 
only  used  extensively  in  European  countries  before 
pressures  prevailed. 

th  pressures  ranging  around  100  lb.  the  lever  safety 
is  common  in  many  states.  Although  thousands  of 
valves  have  been  used  in  this  countr}',  they  are  not 


more  than  would  be  caused  by  the  ordinary  disk  alone. 
This  gives  a  larger  opening  at  the  seat  through  which  a 
greater  quantity  of  steam  will  flow  in  a  given  time  iri 
releasing  a  boiler  of  e.Kcess  pressure.  The  other  kind  of 
valve  has  the  additional  area  located  at  the  center  of 
the  disk,  and  within  the  outer  seat  and  excluded  from 
the  action  of  the  steam  by  means  of  an  inner  seat,  upon 
which  when  the  valve  opens  the  steam  acts  directly. 

In  either  valve  when  the  disk  lifts  from  its  seat,  the' 
escaping  steam  acts  upon  one  or  the  other  of  these  addi- 
tional areas,  causing  the  spring  to  be  compressed  in  pro- 
portion to  the  power  exerted  upon  the  initial  and  addi- 
tional areas  respectively.  This  forces  the  disk  to  rise 
higher  and  affords  an  outlet  for  the  discharge  of  steam 
greater  than  would  otherwise  have  been  provided  had  it 
not  been  for  such  additional  area. 


Fig.  1 


Fig.  2 


Fig.  3 


lered  a  safe  valve,  because  of  the  tendency  to  stick 
d  of  operating  to  relieve  the  boiler  of  excessive 
ire.  According  to  the  Massachusetts  Boiler  Rules, 
fety  valves  placed  on  boilers  must  be  of  the  direct 
^-loaded  type.  In  fact,  nothing  but  spring  pop 
valves  are  now  found  in  the  better  class  of  steam 

a  pop  safety  valve  the  steam  pressure  acts  upon  the 
side  of  the  valve  disk,  and  is  resisted  by  the  teu- 
)f  a  spring.  When  the  steam  pressure  exceeds  the 
mce  of  the  spring  the  valve  lifts  from  its  seat  and 
eam  escapes  to  the  atmosphere. 
>  safety  valves  have  been  used  in  this  country  about 
ars,  and  have  been  in  general  use  about  30  years, 
are  two  kinds  of  pop  safety  valves:  one  having  an 
on  to  the  valve  disk,  so  designed  that  when-  the 
is  closed  the  addition  is  cut  o£E  from  the  action 
steam,  but  when  the  valve  opens  the  escaping  steam 
the  boiler  acts  upon  it,  which,  with  the  initial  force 
5  the  disk  to  rise  higher  and  compressing  the  spring 


As  the  safety  valve  is  the  most  important  fitting  on  a 
boiler  it  must  necessarily  be  so  constructed  as  to  be  sensi- 
tive to  any  excess  pressure  beyond  the  point  at  which 
it  is  set,  and  to  give  instant  and  positive  relief  to  the 
boiler  to  which  it  is  attached.  In  con.struction  it  must  be 
durable,  so  as  to  maintain  positive  action  under  the  most 
exacting  conditions. 

There  are  numerous  makers  of  pop  safety  valves  on 
the  market,  several  of  which  are  described  and  illustrated 
herewith, 

Loxi;iiG.\x   Valve 

In  Fig.  1  is  shown  a  Lonergan  pop  safety  valve.  It  is 
designed  to  give  a  large  relief,  that  is,  when  in  the  act 
of  popping  the  disk  has  a  good  lift  ofF  its  seat,  but  not 
enough  to  relieve  the  boiler  too  suddenly,  or  to  draw 
water  out  of  the  boiler.  If  the  lift  of  the  valve  disk  is 
too  little  the  valve  seat  is  likely  to  be  damaged  by  the 
wire-drawing  action  of  the  steam  in  passing  through 
the  valve. 
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Till'  \iilvo  is  made  to  operate  with  a  0.10-in.  lift,  al- 
lOiigli  it  can  1)0  made  to  suit  aii_y  requirement  up  to 
ISIS-in.  lift  at  the  popping  pressure.  The  spring, 
hicli  is  the  principal  factor  iu  safety-valve  construction, 
made  of  steel  and  so  designed  that  when  compressed 
the  popping  point  the  fiber  stresses  are  not  more  than 
le-half  of  the  fiber  stress  of  tlie  elastii'  limit  of  the  steel 
the  sjiring. 

Eeferring  to  the  illustration  it  will  be  seen  that  the 
)ring  is  protected  from  the  steam  by  the  relie\eil  star 
lidc  (111  the  outside  of  the  spring  cbaniber.  Iluis  doing 
yav  with  back  pressure  on  the  l(i]>  of  ilie  s(ar.  The 
iring  chamlier  beside  protecting  the  spring  from  the 
scharging  steam  also  prevents  back  pressure  on  the  top 
'  the  valve  disk  when  the  outlet  is  piped. 
The  spring  re.sts  on  a  spring  step,  which  makes  a  liall 
lint  with  the  spindle,  to  equalize  any  unevenness  in  the 
iring.  The  spindle  has  a  bearing  at  least  one-half  the 
ze  of  the  valve  diameter  below  the  seat  which  reduces 
le  friction  to  a  minimum  when  the  valve  is  in  operation. 
To  prevent  tampering  with  the  adjustment  of  the  valve 
'ter  being  once  set,  it  is  provided  with  a  hnk-np  attacli- 
ent.  as  shown.  Another  feature  is  the  (Idnlile-ecccntric 
Eting  gear  with  which  the  valve  disk  can  be  lifted  one- 
ghlli  of  its  diameter  off  its  seat,  with  no  steam  pressure 
ider  the  valve  seat. 

This  safety  valve  is  adjusted  for  blowing  oil'  pressure 
i'  removing  the  cap  and  loosening  the  locknut  A,  and 
irn  the  compensating  screw  B  to  the  left,  or  up,  to  de- 
ease  the  popping  point,  and  to  the  right,  or  down,  to  in- 
■ease  the  popping  point.  One-quarter  turn  of  the  com- 
•ession  screw  will  change  the  popping  point  from  5  to  10 
.After  making  any  changes  the  locknut  is  tightened  be- 
>Te  putting  the  valve  in  service  again.  The  blow  down 
:  this  valve  should  be  between  3  and  -i  lb.  before  the 
live  closes  after  popping. 

If  it  is  desirable  to  change  the  number  of  pounds  blow 
Dwn,  the  cap  bolt  C  is  unscrewed  and  the  ring  pin  D 
moved.  A  pointed  instrument  is  then  used  to  turn  the 
Ijustable  ring  E  to  the  left,  or  up,  to  increase  the  num- 
iT  of  pounds  blow  down,  or  to  the  right,  or  down,  to  de- 
'ease  the  number  of  pounds  blow  down.  The  ring  should 
Dt  be  moved  more  than  two  or  three  notches  at  a  time. 
:  the  valve  shows  a  tendency  to  chatter,  the  adjustable 
ng  should  be  screwed  to  the  left,  or  up. 

A.SHTOx  Valvk 

What  is  known  as  Ko.  20  iron-body  Ashton  valve  is 
lustrated  in  Fig.  2.     This  valve  is  made  to  work  with 

close  regulati6n  pop  of  approximately  3  lb.  As  indi- 
ited,  the  spring  is  inclosed  in  a  casing  and  is  thus  pro- 
'cted  from  the  volume  of  steam  escaping  from  the  boiler 
hen  ihe  valve  is  operating. 

The  pop  chamber  is  of  special  design  in  that  it  is  sur- 
randed  by  a  knife-edge  lip  A  and  is  inclosed  within  the 
alls  of  the  lip  and  top  of  the  bushing  and  valve  seat 
'be  knife-edge  lip  wears  down  in  proportion  to  the  wear 
:  the  seat  of  the  valve,  keeping  the  outlet  of  the  cham- 
ir  of  the  same  relative  proportion  to  the  inlet,  giving 
1  unvarying  pop  and  insuring  long  service  without  read- 
istment  or  repairs.  A  supplemental  pop  chamber  is  con- 
spted  with  the  primary  pop  chamber  by  a  series  of  relief 
Dies  B.  throusfh  the  bushing  C. 

Closo  regulation  of  the  pop  is  made  by  adjusting  the 
ze  of  the  opening  into  the  discharge  chamber.     When 


it  ln'comes  desirable  lo  adjust  the  pressure  it  is  only  nec- 
essary to  remove  the  lock,  pin  and  lever  and  after  remov- 
ing the  cap,  slack  the  check  nut  on  the  adjusting  screw. 
Turning  the  screw  downward  increases  the  pressure,  turn- 
ing upward  adjusts  the  spring  for  less  pressure.  Should 
a  change  in  pressure  of  more  than  15  lb.  be  desired,  a 
new  spring  should  be  used. 

Should  it  be  desirable  to  change  the  amount  of  reduc- 
tion in  pressure  when  the  valve  operates,  it  is  only  neces- 
saiT  to  regulate  the  scrcw-jilug  regulator  C  on  the  out- 
side of  the  valve.  If  more  pop  is  wanted,  slack  the  check 
nut  and  turu  the  regulator  slightly  to  the  left,  so  that 
Ihe  letter  6'  stands  nearly  perpendicular.  For  less  pop 
the  regulator  is  turned  to  the  right  until  the  letter  0  is 
nearly  perpendicular.  One-sixth  of  a  turn  of  the  regu- 
lator gives  the  full   range  of  adjustment. 

In  order  to  give  the  spring  a  true  bearing  on  the  .valve 
disk,  it  is  fitted  with  pivoted  top  and  bottom  disks.  The 
valve  is  made  with  a  trip  lever  which  can  be  changed  to 
operate  in  any  desired  direction  regardless  of  the  posi- 
tion of  the  valve,  and  has  the  i^ower  to  lift  the  valve  disk 
from  its  seat  at  any  ])rcssurc  by  hand. 

Li'XK'ioMiiciM  !:i(  Safkty  A'alve 

All  ap])ro\cil  paltcrns  of  safety  valves  are  designed 
along  similar  lines,  and  of  similar  materials,  the  main 
idea  being  to  make  a  valve  that  will  operate  promptly 
under  the  most  exacting  conditions.  Such  a  valve  is 
found  in  the  lAinkenheimer  safety  valve.  Fig.  3.  In  this 
valve  the  seat  is  beveled  at  an  angle  of  45  deg.  to  the 
vertical  axis.  It  is  provided  with  a  lock-key  attachment 
to  giiard  against  the  adjustment  being  tampered  with. 

In  this  valve  the  bronze  seat  A  is  screwed  into  the  valve 
body.  The  seat  ring  is  provided  with  a  regulating  ring 
B,  which  is  screwed  up  or  down  to>  regulate  the  pop.  It 
is  held  in  any  desired  position  by  the  screw  C.  The  valve 
D  is  guided  by  the  wings  on  the  bottom  as  it  operates 
inside  the  seat  ring  B. 

Provision  has  been  made  for  regrinding  the  valve  disk 
and  seat  by  turning  the  stem  E.  The  steel  spring  is  held 
iu  place  by  top  and  bottom  ball-seated  plates,  which  keep 
the  spring  in  alignment.  The  spring  is  protected  from 
the  action  of  the  steam  by  the  casing  in  which  it  is  con- 
fined. The  tension  of  the  spring  is  regulated  by  the  regu- 
lating screw  F,  which  operates  in  a  bronze  bushing.  A 
locknut  holds  the  regulating  screw  in  any  desired  posi- 
tion. 

Should  a  higher  pressure  be  desired  the  regulating 
screw  is  turned  down ;  for  a  lower  pressure  it  is  turned 
up.  The  amount  of  escaping  steam  is  regulated  by  the 
ring  B.  After  removing  the  plug  C  a  rod  can  be  inserted 
to  engage  the  notches  around  the  regulating  ring.  Should 
the  valve  not  reduce  the  pressure  enough  the  ring  B  is 
turned  up,  covering  the  holes  in  the  seat  ring  and  causes 
the  valve  disk  to  lift  higher  and  remain  longer  off  its 
seat.  If  the  valve  reduces  the  pressure  too  much  the  ring 
B  is  turned  down.  When  the  desired  adjustment  has 
been  obtained  the  ring  is  secured  in  place  by  the  screw  C. 

Ckane  V.\lve 

The  construction  of  this  valve  embodies  a  self-adjust- 
ing feature  which  automatically  regulates  the  pop  of  the 
valve  and,  thereby,  permits  moderate  changes  in  the  set- 
ting pressure  and  maintaining  but  little  steam  waste 
between  the  opening  and  closing  points.     It  is  necessary 
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in  tliis  type  of  valve  to  have  a  chamber  into  which  the 
steam  expands  wlieii  the  main  vahe  opens,  thereby  creat- 
ing an  additional  liftinp;  force,  in  proportion  to  the  in- 
creased area,  sufficient  to  compensate  for  the  increased 
tension  exerted  hy  the  main  spring,  due  to  the  further 
compression  caused  by  the  opening  of  the  main  valve. 
Therefore,  the  main  valve  is  held  open  until  the  boiler 
pressure  is  relieved. 

The  pop  chamber  is  relieved  of  pres^^uro  1o  allow  tlie 
main  valve  to  close  promptly  by  the  action  of  a  self-ad- 
justing auxiliary  valve  A  and  the  spring  B,  which  op- 
erate independently  of  the  main  valve  and  spring.  The 
steam  in  the  pop  chamber  passes  through  ports  into  an 
annular  space  provided  in  the  auxiliary  valve  and  lifts 
the  valve  disk  against  the  tension  of  the  auxiliary  spring, 
allowing  the  steam  in  the  pop  chamber  to  gradually 
escape.  .  This  action  supplies  a  balancing  medium  to 
ease  the  seating  of  the  main  valve  disk  M'ithout  chatter- 
ing or  hammering.  If  it  is  desirable  to  change  the  point 
of  blowing  oif  within  reasonable  limits  the  screw-pressure 


la  Figs.  5  and  6  arc  shown  the  design  of  valve  used 
for  saturated  and  superheated  steam  in  which  the  spring 
is  comparatively  large.  It  is  supported  by  washers  ar- 
ranged for  ball  bearing  on  a  spindle  on  the  lower  end  and 
on  a  compression  screw  on  the  other  end,  whereby  any 
distortion  of  the  spring  in  compression  does  not  cramp 
the  spindle  or  cut  the  disk.  The  spring  is  protected  from 
Ihe  heat  of  the  escaping  steam  by  the  casing,  as  shown. 

The  I'opping  pressure  is  adjusted  by  removing  the  cap 
and  lever,  loosening  the  check  nut  on  the  compression 
screw  and  turning  the  screw  downward  with  a  wrench 
to  increase  the  popping  pressure,  or  turning  the  screw 
out  to  decrease  the  popping  pressure.  When  it  is  desired 
to  adjust  the  blow  down,  the  locking  pin  A  in  the  side  of 
the  valve  body  is  removed  and  the  notched  ring,  which  is 
threaded  on  the  seat  bushing,  is  turned  upward  to  in- 
crease the  blow  down,  or  in  the  opposite  direction  to  de- 
crease the  same.  The  usual  adjustment  of  .5  lb.  can  be 
increased  to  1.5  lb.  if  desired,  or  it  can  be  decreased  to 
less  than  2  lb.     The  action  of  llie  ;alve,  however,  with  a 


Fig.  4 


Fig.  5 


Fig.  6 


plug  C,  at  the  top  of  the  valve,  is  turned  in  or  out  for  a 
higher  or  lower  pressure.  The  valve  is  self-adjusting 
within  reasonable  limits  and  there  is  no  necessity  of  re- 
adjusting the  auxiliary  valve  to  regulate  the  pop  should 
it  be  desired  to  make  a  moderate  change  in  the  set  pres- 
sure. The  valve  is  provided  with  a  cam  lever  which  will 
lift  the  valve  disk  from  its  seat  one-eighth  the  diameter 
of  the  valve  opening;  the  lever  can  also  be  thrown  over 
far  enough  to  lock  the  valve  open  should  occasion  require. 

r'oxsoLinATEn  Safety  Yalvk 

Aside  from  mechanical  reliability  the  most  vital  fac- 
tor in  a  safety  valve  is  its  capacity,  which  is  dependent 
upon  the  area  of  discharge  through  the  valve  or  relieving 
capacity.  The  makers  of  this  valve,  after  two  years'  ex- 
perimenting, redesigned  their  line  of  safety  valves  to  con- 
form to  the  formula  they  found  to  be  correct  tor  deter- 
mining the  proper  valve  rating  according  to  their  actual 
relieving  capacities.  Therefore,  with  each  type  of  valve 
El  siiring  of  suitable  proportions  was  calculated  and  the 
valve  case  was  then  luiilt  around  the  spring. 


blow  down  of  4  to  5  lb.  is  cleaner  and  more  positive  than 
with  a  lesser  blow  down.  In  the  superheated  steam  valve 
the  spring  is  placed  above  the  discharge  oiJening  and  is 
cooled  by  contact  with  the  external  air. 

Crosby  For  Safety  Valve 

The  iron-liody  Crosby  pop  safety  valve  is  made  in  two 
styles,  the  "Standard"  type  for  pressures  up  to  200  lb., 
and  a  heavier  pattern  called  the  "Inspector"  valve.  The 
shapes  and  proportions  of  the  seats  and  regulating  lips 
of  both  valves  are  the  same.  These  valves  are  illustrated 
in  Figs.  7  and  8. 

One  distinguishing  feature  of  these  bevel-seated  valves 
is  that  the  ring  by  which  the  blow  down  is  regulated  does 
not  surround  the  edge  of  the  lip  of  the  valve  di.sk  to 
cover  the  opening  at  the  moment  of  opening.  When 
the  valve  is  closed,  the  outer  edge  of  the  lip  on  the  disk 
is  always  slightly  above  and  clear  of  the  edge  of  the  lip 
of  the  seat  gallery.  The  lip  of  the  disk  is  shaped  to  ob- 
tain the  greatest  lifting  effect  from  the  impact  of  the 
outflowing  steam. 
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The  I'cgulntkin  of  tlie  blow  down  is  effected  by  deflect- 
iug  the  eseapiiig  stciun  downward  inside  tlie  lip,  against 
the  bottom  of  the  lip  chamber,  which  is  drilled  with  a 
number  of  vent  holes  tlirough  which  the  steam  escapes, 
more  or  less  rapidly,  according  to  the  position  of  the 
regulating  ring.  This  discharge  of  steam  is  added  to  the 
main  discharge  over  the  valve  lip. 


When  the  regulating  ring  is  screwed  upward  close 
against  the  under  face  of  the  lip  chamber  it  practically 
closes  the  vent  holes,  and  all  steam  is  forced  over  the 
lip,  which  increases  the  pressure  in  the  lip  chamber  and 
i  causes  the  valve  disk  to  lift  higher,  keeping  the  valve 
open  longer.  This  results  in  a  greater  drop  in  boiler 
[ucssure  before  the  valve  closes.  If  the  ring  is  screwed 
ik>wn,  and  a  greater  part  of  the  steam  escapes 
through  the  vent  holes,  less  steam  passes  over  the  lip, 
the  valve  opens  less  and  closes  with  less  loss  of  boiler 
pressure. 

The  valve  disk  is  mushroom  shaped  and  has  a  guide 
much  smaller  than  the  diameter  of  the  seat,  which  is 
nuido  with  a  hub  about  one-quarter  the  valve  diameter, 
and  f)laced  below  the  level  of  the  valve  seat.  This  pre- 
vents cutting  of  the  valve  seats,  therefore  the  wear  is 
mure  uniform  around  the  whole  circumference  of  the 
scit  and  the  valve  will  operate  longer  without  leaking  and 
without  requiring  refacing. 

The  Standard  type  of  valve,  Fig.  7,  has  the  spindle  rod 
slotted  near  the  upper  end  and  a  cap  and  key  form  a 
means  of  lifting  the  valve  disk  by  the  lever.  This  valve 
is  made  either  with  the  spring  exposed  to  the  temperature 
of  the  exhaust  steam  or  in  an  inclosed  chamber  similar  to 
the  method  employed  in  the  "Inspector"  valve,  Fig.  8, 
which  is  made  with  heavier  walls.  This  latter  valve  is 
adapted  for  use  on  saturated  steam  up  to  the  highest 
working  pressures  now  available.  The  sjjring  chamber  is 
drained  at  the  bottom  and  the  lower  end  of  the  valve  stem 
moves  freely  in  a  hole  having  sufficient  clearance  to  pre- 
vent binding.  Valves  used  with  superheated  steam  are 
made  with  steel  bodies  in  either  type  of  valve. 

The  "Inspector"  valve  is  made  with  a  hinged  cap  which 
covers  the  adjusting  bolt  and  lifting  device.     "VSlien  this 
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is  in  its  normal  position,  with  a  liolt  through  it  locked 
in  place,  it  is  impossible  to  change  the  set  pressure  of  the 
valve  or  to  tamper  with  it. 

In  both  valves  the  spindle  rod  is  provided  at  its  lower 
end  with  a  steel-inserted  nose  which  gives  an  effective 
bearing  for  the  spring  pressure. 

Each  type  of  valve  is  fitted  with  a  spring  of  round  steel, 
the  tension  of  which  is  adjusted  l)y  the  head  bolt  B. 

An  American  Locomobile 

At  the  recent  meeting  of  the  Ohio  Society  of  Mechani- 
cal, Electrical  and  Steam  Engineers,  George  S.  Cooper, 
mechanical  engineer  of  the  Buckeye  Engine  Co.,  read  a 
paper  upon  the  locomobile  which  they  have  undertaken  to 
ijitroduce  into  American  practice  ixnder  the  name  of  the 
BuckeyemobiJe.*     After  describing  the  unit   he  said : 

Carefully  conducted  tests  have  been  run  from  time  to 
time  to  determine  the  efficiency  with  various  grades  of 
coal  and  with  modifications  of  the  furnace  and  grates. 
Tal)le  1  presents  the  average  results  of  seven  tests  run 
with  Pocahontas  coal.  Column  A  is  the  average  of  three 
tests  run  at  about  !I5  per  cent,  of  the  rated  load.  B  is  the 
average  of  two  tests  at  14  per  cent,  overload,  and  C  two 
tests  at  36  per  cent,  overload.  Fig.  1  presents  the  prin- 
cipal conclusions  in  graphical  form.  Note  especially  the 
flatness  of  the  economy  curves  demonstrating  the  ability 
of  the  locomobile  to  handle  large  overloads  with  a  scarce- 
ly perceptible  loss  of  etticiency.  While  not  shown  in  this, 
series,  other  tests  show  that  the  same  valuable  character- 
istic is  jJossessed  at  underloads.  The  three-quarter  load 
fuel  consumption  is  within  5  per  cent,  of  the  rating  and 
even  at  half  load  the  coal  consumption  is  less  than  21) 
per  cent,  greater  per  horsepower  than  at  rated  load. 

TABLE  I. 

A  B  C 

Load,  per  cent 95.  lU.  13fi, 

Indicated  horsepower . .  16fl  199  237 

Kilowatts 99 . 4  121.5  14t) .  8 

Rev.  per  mill 206  209  208 

Steam  pressure,  lb 209  208  207 

Saturation  temperature,  deg.  F 391  391  .390 

Steam  temp,  at  throttle,  deg.  F.  638  673  66S 

Initial  superheat,  deg.  F 247  282  278 

Hp   i.vhnnst  tr-mp  ,  dea,  F..  313  353  387 

Rrr.   1,,   ,    ,„,^.„,r,    |1,  13  18  27 

1,-1.  ,  ,.    !.  I   .Ls;  F  413  432  457 

L-P   ,|,  I:.   ,  .|.r  F,  169  178  188 

L-p    .  .\li.,u  I  li  nil,.,  di-g.  F 1*6  150             '        162 

Feed-uiiter  temp.,  deg.  F 131  132  138 

Vacuum  (ref'd  to  30"  Bar.)  in  hf 25.6  24.3  24.3 

Temp.  B.1SPS  base  of  stack,  deg.  F.  501  558  578 

Total  sli-am  p.r  hr.  lb.  1626  1970  2420 

l-!teai,i  u.v  i  li|i  -In  ,  I!.  9.8  9.9  10.2 

Str |..'i   l,«  -1.1  ,  li-  10  35  10  3  16.5 

Tol;il  .  i.:J  Mm  .i  |,.-i   h,  ,  I!.  192  238  283 

Coal  J,,  r  1  hi.    In   ,  11.  1.16  1.195  1.195 

Coal  per  kw.-hr.  lb 1.94  1.96  1.93 

Boiler  and  superheater  eff.,  per  cent. .  76 . 9  76 . 0  77 . 0 

Thermal  eff.  of  engine,  per  cent 19.8  19  7  19.5 

Thermal  eff.  of  unit,  per  cent 15.0  15.1  15,0 

Heat  value  of  coal,  B.t.u...: 14.136  14.099  14.215 

In  comparing  the  above  results  with  other  power-plant 
data,  it  should  be  remembered  that  the  locomobile  is  es- 
sentially a  small-  or  moderate-sized  plant.  Small  steam 
plants  are  usually  quite  wasteful  of  fuel  for  several  rea- 
sons. In  the  first  place  small  engines  axe  almost  always 
of  the  high-speed,  noncondensing  type,  using  30  to  40 
lb.  of  steam  per  hp.-hr.  Radiation  losses  are  relatively 
greater  in  small  plants  than  in  large  ones,  due  to  the  fact 
that  small  boilers,  cylinders  and  pipes  expose  more  sur- 
face per  pound  of  steam  carried  than  large  ones.  To 
equip  a  small  plant  with  economizers,  condensers,  su])i'i- 
heaters,  etc.,  is  not  often  commercially  feasible  since  small 
apparatus  of  this  class  is  usually  much  more  costly  per 

♦Described  in   "Power,"   Sept.    20.   1913. 
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liursepowcT  than  that  used  in  large  plants.  Fig.  2  is 
preseiiti'd  to  sliovv  clearly  the  eft'eet  of  plant  capacity  on 
economy,  and  to  impress  the  fact  that  in  the  locomobile 
AC  possess  the  means  of  reducing  power  costs  in  a  50-  or 
,  "i-hp.  plant  as  low  or  even  lower  than  in  the  central 
station  with  its  large  units.  This  fact  is  further  eluci- 
dated in  Fig.  3  which  shows  to  an  accurate  scale  the  dis- 
tribution of  the  heat  losses  and  the  comparative  fuel  con- 
500 


boiler-room  losses  and  inchule  that  due  to  incomplet 
combustion  and  loss  to  the  aslipit,  radiation  from  boiler 
and  setting,  and  waste  in  the  hot  chimney  gas.  The  smal 
portions  with  vertical  shading  show  the  heat  expejidei 
in  driving  the  boiler-feed  pumps  and  other  au.xiliaries 
TJie  unshaded  sections  on  the  right  are  proportional  t 
the  heat  rejected  in  the  engine  exhaust,  and  the  leii.gth 
of  these  sections,  measured  to  the  B.t.u.  scale,  show  th 
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Fig.  1.   EcoNoi[Y  Test 


•^-"  Rcj+ed  Capacity  of  Plant  in  Horsepower 

Fig.  2.   Comparison  between  Buckeyemobile  .vnd 
Ordinary  Plant 


sumption  of  a  number  of  typical  power  plants.    The  total  amounts  of  heat  available  for  heating  jjurposes  in  cor 

length  of  each  diagram,  exclusive  of  the  part  in  broken  nection  with  nonconden.^iiig  operation, 
lines,   is   proportional  to  the  coal   consumed   per  horse-  The  areas  inclosed  in  broken  lines  represent  the  hes 

power  per  hour.    The  heavily  shaded  portion  of  each  dia-  recovered   to   the   boiler   by   the   feed-water  heater.     A 

gram  is  proportional  to  the  number  (2545)  of  heat  units  these  quantities  may  be  measured  with  the  scale  at  tl: 

actually  converted  into  work  per  horsepower  per  hour.  bottom  of  the  chart  either  iri  B.t.u.  or  pounds  of  coal  pt 

The   lightly   shaded    portions   at   the   left    represent   the  hp.-hr.     The  boiler  efficiency  in  each  case  is  found  b 


76.5 - -C0NPENSIN6  BUCKEYE-MOBILE  9.2 LB.STEArl  PER  HP.HR. 
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-74 N0N-CDNDENSIN6  BUCKE-YE-M0BILE.E.9  LB.STEAM  PERHP.  HR. 


LAR6E  COMPOUND  CONDENSmS  PLANT  WJTH  ECON0MIZER& 


-  HI6H  GRADE  tiON  C0N5EMSINS  COMPOUND  USIN6  20LB.5TEAM  PER  HR  HR. 


-HIGH6RADEC0NDEN51M6    SIMPLE   ENGINE   USING  20LB.5TrAM  PER    HP.HR. 


-600D  NON- CONDENSING  SI MPLE  ENGINE  U&IN6  24  LB.  5TEAM  PER~HP.  HR. 


W^ 


-GOOD    NON-CONDENSING  SIMPLE  ENGINE  USING  34  LB.STEAH  PER  HRHR. 


-HIGHSPEED  NON-CONDENSING  SIMPLE  ENGINE  USING  50  LB.  STEAM  PER  HP.HR 


-  HIGH  SPEED   NON-CONDENSING  SIMPLE  ENGINE  USING  50  LB. STEAM  PER  HRHR 


SIMPLE  ENGINE  ASABOVE  WITHOUT  FEED  WATER  HEATER 


.<;. BOILER    LOSSES-STACK,  RADIATION,  ASH  ETC. d.|JORkH< HEAT  LOST  IN  EXHAUST  STEAM 

FEEDPUMP  ETfc. 


POUNDS         OF        COAvL 


10,000 


40,000 


Fig.  3.   Comparative  Heat  Losses  and  Coal  Consumption  of  Typical  Plants 
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dividing  the  sum  of  the  lengths  of  tlie  portions  represent- 
ing net  work  and  exhaust  loss  by  the  total  length  of  the 
diagram.  The  "net  work"  portion  divided  by  the  total 
length  equals  the  thermal  eflficiency  of  the  entire  plant. 

Observe  that  in  the  case  of  the  simple  engine  plant  at 
the  bottom  of  the  chart  less  than  4  per  cent,  of  the  heat 
of  the  fuel  is  converted  into  work,  while  the  condensing 
Buckeyemobile  shows  an  eflficiency  of  17  per  cent.,  and  the 
noncondensing  Buckeyemobile  shows  an  efficiency  of  12 
per  cent. 


The  data  for  the  third  example  in  the  chart  (larg 
compound  condensing  plant)  are  taken  from  "Kent's  Me 
chanical  Engineers'  Pocket  Book,"  10th  edition,  pag 
985.  Note  that  it  is  a  plant  of  large  capacity  with  fu( 
economizers  and  is  regarded  as  one  of  the  most  efSciei] 
plants  in  existence  and  yet  it  is  surpassed  in  fuel  ecor 
oiny  by  the  Buckeyemobile  in  sizes  as  small  as  100  hj 

The  apparatus  in  the  above  chosen  examples  is  as 
sumed  to  be  in  good  physical  condition,  free  from  steal 
leaks  or  other  obvious  defects. 


Running  Centrifugal  Fans  in  Parallel 


By  L.  B.  Lent 


SYNOPSIS — To  lessen  the  difficulty  of  operating  fans 
in  parallel,  the  piping  should  be  carefully  proportioned, 
and  pitot  tubes  for  measuring  velocity  head  in  the  dis- 
charge of  each  fan  should  lead  to  a  common  scale  board. 

X 

When  tlie  discharge  from  two  or  more  centrifugal  fans 
is  delivered  into  a  common  discharge  pipe,  these  fans  are 
said  to  be  running  in  parallel.  The  pressure  in  each  case 
is  that  which  one  machine  alone  would  develop,  but  the 
air  delivered  is  the  sum  of  the  volumes  discharged  by 
each  fan.  ' 

Eunning  the  discharge  from  several  fans  into  a  com- 
mon main  or  header  seems,  at  first  thought,  to  be  a  sim- 
ple matter  of  connecting  the  fans  up  in  this  manner ;  but 
one  has  but  to  try  it  to  discover  that  operation  under  this 
arrangement  is  impossible  except  under  certain  condi- 
tions. The  writer's  experience  may  be  typical  and  serve 
to  point  out  the  essentials  of  ]iroper  operation  under  the 
conditions. 

Two  large  single-stage  turbine  blowers  were  connected 
to  a  discharge  main,  as  shown  in  the  illustration.  When 
first  installed,  one  fan  was  sufficient  to  furnish  the  neces- 
sary air,  at  about  2  lb.  pressure,  to  serve  the  oil  burners 
in  a  number  of  metal-heating  furnaces.  The  other  fan 
served  as  a  reserve  unit  and  they  were  run  alternately. 
A  rapidly  increasing  demand  for  air  made  it  necessary 
to  run  both  fans  together  and,  eventually,  to  add  a  third. 

It  was  only  necessary  to  start  the  second  fan,  the  first 
one  being  already  in  operation,  to  discover  that  it  would 
not  deliver  any  air  and  that  the  first  fan  was  actually 
blowing  air  right  back  through  it.  These  two  fans  were 
of  the  same  size,  direct-connected  to  similar  direct-cur- 
rent motors  and  ran  at  the  same  speed. 

An  analysis  of  the  action  of  a  centrifugal  fan  and  the 
flow  of  air  in  pipes  will  show  under  what  conditions  cen- 
trifugal fans  may  be  operated  in  parallel.  Three  facts 
must  be  clearly  conceived  and  borne  in  mind.    They  are : 

1.  For  a  given  fan,  the  air  pressure  generated  depends 
upon  the  peripheral  velocity  of  the  wheel  or  runner. 

2.  This  pressure  can  be  generated  and  maintained 
within  the  fan  casing  whether  air  is  beixig  discharged  or 
not  by  running  the  fan  up  to  speed  with  the  discharge 
valve  closed. 

3.  The  total  head  of  air  in  motion  is  the  sum  of  two 
separate  heads — the  static  liead  and  the  velocity  head — 
the  sum  being  called  tjie  dynamic  head. 

When  air  is  under  pressure  in  a  closed  vessel,  a  receiver 
for  instance,  its  pressure  may  be  measured  by  a  pressure 


gage,  or  if  light,  by  a  water  column.  This  pressure  exis 
ing  in  the  quiescent  gas  is  called  the  static  pressure,  an 
often  its  static  head,  being  commonly  expressed  in  pounr 
per  square  inch,  inches  of  mercury  or  inches  of  wate 
When  air  under  pressure  is  flowing  in  a  pipe,  the  velocit 
of  flow  is  due  to  a  drop  in  pressure  and  is  proportion! 


to  a  certain  difference  in  pressure.  The  head  equivalei 
to  the  velocity  is  commonly  called  the  velocity  head  an 
sometimes  the  kinetic  head.  The  sum  of  the  static  an 
the  velocity  heads  is  the  dynamic  head. 

When  a  centrifugal  fan  is  started  and  brought  up  I 
maximum  speed,  with  the  discharge  pipe  entirely  close 
ofl',  the  air  in  the  casing  is  whirled  around  with  the  fa 
blades  and  the  static  pressure  measured  in  the  dischar^ 
]5ipe  is  that  due  to  the  linear  speed  of  the  blades.  Wit 
no  air  being  delivered,  the  fan  will  absorb  only  a  sma 
amount  of  power.  It  is  only  when  air  is  actually  dii 
charged  against  a  resistance  that  more  power  is  absorbe 
by  the  fan.  When  air  is  moving  in  a  pipe,  the  velocit 
with  which  it  is  moving  is  equivalent  to  a  certain  pre; 
sure,  and  the  velocity  head  is  easily  and  accurately  mea: 
ured  in  units  of  pressure  by  means  of  the  pitot  tube. 

An  examination  of  air  tables,  referring  to  fan  worl 
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will  .<iiow  that  the  velocity  component  is  a  considerable 
part  of  the  total  pressure.  It  is  the  velocitj'  head,  due  to 
the  ir.erlia  of  the  moving  air,  which  must  be  dealt  with 
when  running  fans  in  parallel. 

Keferring  to  the  illustration,  when  fan  B  was  running 
and  delivering  air  at  a  static  pressure  of  2  lb.,  fan  A  was 
started  and  brought  up  to  the  same  static  pressure  as  fan 
B,  but  not  a  cubic  foot  of  air  did  it  deliver.  On  the  con- 
trary, air  was  actually  flowing  out  of  the  intake  pipe  of 
fan  A.  The  reason  was,  that  the  air  being  delivered  from 
B  was  flowing  at  some  velocity  instead  of  being  at  rest 
and,  consequently,  had  a  velocity  head  in  addition  to  a 
static  head  of  2  lb.  If  the  velocity  head  be  assumed  at 
Y2  lb.,  then  the  total  or  dynamic  head  of  the  discharge 
from  B  is  21,^  lb.  Since  no  air  is  really  flowing  from  A, 
even  though  the  wheel  be  running  at  a  speed  sufficient  to 
generate  a  .static  pressure  of  2  lb.,  the  total  head  (static 
and  velocity)  at  the  fitting  below  B  is  greater  than  the 
total  head  (static  only)  existing  at  the  outlet  valve  of  A. 
As  soon  as  the  outlet  valve  of  A  is  opened,  the  greater 
pressure  will  actually  force  air  back  through  fan  A.  To 
make  A  deliver  air,  it  is  necessary  to  throttle  the  dis- 
charge from  B  until  the  dynamic  head  at  B  decreases  to 
an  amount  equal  to  or  slightly  less  than  that  at  A. 

Some  foi'm  of  measuring  instrument  must  be  used  to 
indicate  the  discharge  from  each  fan,  so  that  it  may  be 
positively  known  that  each  fan  is  delivering  its  proportion 
of  the  amount  of  air  flowing.  A  simple  instrument  for 
such  use  is  the  pitot  tube,  arranged  as  a  diiferential  gage, 
and  so  indicating  velocity  only.  There  will  always  be  a 
flow  if  a  velocity  is  indicated.  And  if  pipe  sizes  are  pro- 
portional to  the  volumes  flowing,  the  velocities  from  eacli 
fan  should  be  equal.  If,  therefore,  the  readings  from  the 
pitot  tubes  from  the  discharge  sides  of  two  or  more  fans 
are  the  same,  it  is  quite  certain  that  these  fans  are  de- 
livering their  proportional  amounts  of  air. 

When  fans  of  diflierent  sizes  and-  speeds  are  connected 
to  deliver  air  to  the  same  main,  the  problem  of  their 
parallel  operation  becomes  more  complex,  but  is  based 
on  the  same  equality  of  total  or  dynamic  heads. 

Starting  up  an  idle  fan  and  putting  it  into  the  line  is, 
of  course,  the  troublesome  part,  for,  vmtil  air  is  actually 
flowing  through  and  away  from  the  fan,  it  has  no  veloc- 
ity head.  If  it  can  be  speeded  up  so  that  its  static  head 
alone  is  equal  to  the  static  and  velocity  heads  of  the  fans 
already  in  operation,  then  the  higher  static  pressure  will 
start  the  air  flow  and  the  speed  must  then  be  adjusted 
until  the  dynamic  head  is  the  same  as  that  under  which 
the  other  fans  are  running. 

When  the  speed  of  the  fan  cannot  be  raised  above  that 
of  the  running  fans,  which  is  the  more  common  condition 
of  operation,  then  the  dynamic  head  of  the  running  fans 
must  be  reduced  to  equal  that  of  the  static  head  of  the 
fan  being  put  onto  the  line. 

This  operation,  when  there  is  more  than  one  fan  al- 
ready running,  is  not  an  easy  performance.  Paralleling 
two  fans  is  easy  but  paralleling  three  is  not.  The  usual 
type  of  inlet  and  discharge  valve  furnished  by  the  makers 
is  some  form  of  butterfly  valve  or  slide  gate,  and  a  fine 
adjustment  of  the  former  is  a  work  of  art.  A  pitot  tube 
on  the  discharge  side  of  each  fan  with  the  ga^es  so  con- 
nected that  the  operator  may  read  all  from  one  point 
seems  to  he  the  most  desirable  arrangement,  when  it  is 
necessary  to  parallel  fans. 

The  usual  method  is  to  adjust  inlet  or  discharge  valves 


and  it  is  sometimes  necessary  to  move  fast  from  one  fan 
to  another,  to  get  the  fans  together  and  to  keep  them  to- 
gether after  they  are  in. 

When  positive  blowers  or  compressors  are  discharging 
into  the  same  line,  the  conditions  are  quite  dift'erejit  and, 
up  to  the  limit  of  the  possible  discharge  pressures  de- 
veloped, each  machine  will  diseliarge  its  proportionate 
share  of  the  air. 

Cleaning  Driven  Wells 

By  J.  B.  Phoctoi; 
Much  of  the  water  used  in  our  plant  is  obtained  from 
2-in.  driven  wells  of  depths  from  -15  to  60  ft.    The  screen 
or  perforated  pipe  at  the  bottoms  of  these  wells  would 
clog  up  every  five  months  and 
we  at  the  plant  had  to  remove 
the  obstruction.     The  method 
of   cleaning   was  to   draw   up 
the  well  pipe,  put  on  new  or 
old  and  clean  screens  and  re- 
drive   the   pipe.      This   was  a 
troublesome  and  expensive  op- 
eration. 

To  lower  the  cost  of  clean- 
ing and  also  reduce  the  con- 
sequent troubles,  the  writer  de- 
vised the  cleaning  outfit  shown. 
A  %-in.  pipe  longer  than  the 
well  pipe  and  with  an  elbow 
on  each  end  is  connected  to  a 
steam  pipe  by  the  steam  hose 
A.    To  the  %-in.  pipe  a  wood- 
en clamp  B   is  fastened.     A 
platform   is   located   over  the 
well  to  assist  in  putting  in  the 
%-in.  pipe.    When  the  pipe  is 
in   place  and  the   top   of  the 
well    closed,    steam    at    boiler 
Ekady  to  Clean  DiiivEN    pressure  (100  lb.)  is  admitted 
Well  by  Steam         .    to  the  pipe.  The  pipe  is  then 
raised,  lowered  and  turned  liy 
mcji  ou  the  platform  holding  the  clamp.   The  wells,  after 
being  cleaned,  give  nearly  as  much  water  as  a  new  well. 

Electricity  to  Operate  tlie  Panama  Canal — The  machinery 
for  operating  the  gates,  dams,  fender  chains,  pumps,  etc., 
will  be  electrically  driven;  the  ships  will  be  towed  through 
the  locks  by  powerful  electric  locomotives,  and  electric  en- 
ergy will  be  utilized  entirely  for  the  permanent  machine 
shops,  for  the  dry-dock,  for  the  coal-handling  plant,  for 
wharf  cranes,  and  for  a  number  of  other  purposes.  The  locks 
and  near-by  towns  will  be  electrically  lighted,  and  the  relo- 
cated Panama  railroad  will  possibly  be  electrified.  Two  large 
powder  stations  and  niany  miles  of  transmission  circuits  will 
be  required  for  the  generation  and  transmission  of  the  power 
to  more  than  one  thousand  electric  motors  which  will  be  re- 
quired for  the  operation  of  the  canal.  The  water  power  is 
obtained  from  the  Chagres  River  water  shed:  Gatun  Lake, 
having  an  area  of  IfiB  square  miles,  offering  excellent  storage 
facilities.  A  7500-kw.  hydro-electric  generating  station, 
which  will  supply  the  power  under  normal  conditions,  is  be- 
ing: built  at  the  spillway  of  the  Gatun  dam.  The  present 
steam-turbine  station  at  Miraflores,  which  has  been  used 
during  the  construction  of  the  canal,  will,  however,  be  re- 
tained and  held  in  reserve  to  tide  over  either  shutdowns  or 
low-water  periods  of  the  Gatun  station,  the  intention  being 
to  tie  together  the  two  plants  by  a  high-tension  transmis- 
sion line.  Besides  the  above,  hydro-electric  power  will  be 
extensively  used  for  lighting  purposes  along  the  canal,  ami 
possibly  in  connection  with  the  fortifications  which  are  being 
planned. — "Engineering  Magazine." 
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The  Induction  Motor — V 

By  F.  a.  Annett 

A  motor  constructed  similar  to  the  induction  motor 
shown  in  Fig.  6,  Part  1  (page  536,  Oct.  14  issue)  and 
provided  with  but  one  winding,  if  connected  to  a  single- 
phase  circuit,  could  only  produce  a  simple  alternating 
magnetism,  and  not  a  revolving  magnetic  field.  The 
action  would  be  similar  to  that  of  a  transformer,  the  stator 
winding  acting  as  the  primary  and  the  rotor  acting  as  a 
short-circuited  secondary;  very  heavy  currents  would  be 
sot  up  in  the  rotor,  the  primary  taking  a  large  lagging 
current  from  the  line.  The  current  in  the  rotor  is  of 
such  a  direction  and  position  that  the  motor  will  develop 
very  little  torque,  but  if  given  a  start  by  hand  would 
gradually  come  up  to  speed  in  whichever  direction  it  is 
started,  then  the  load  may  be  applied  and  the  motor  will 
b.ehave  similar  to  a  two-  or  three-phase  motor.  As  the 
speed  of  a  single-phase  motor  approaches  synchronism  the 
combined  action  of  the  stator  and  rotor  currents  is  to 
produce  a  rotating  magnetic  field  similar  to  that  produced 
in  a  motor  with  two  or  more  windings  supplied  by  two 
or  more  alternating  currents  displaced  in  phase.  The 
most  prominent  difference  between  the  single-phase  and 
polyphase  induction  motors  is  the  inability  of  the  single- 
phase  motor  to  start. 

If  a  single-phase  motor  is  to  be  made  self-starting, 
some  means  must  be  provided  for  producing  a  revolving 
magnetic  field,  and  for  doing  this  numerous  devices  have 
been  produced.  In  the  design  of  single-phase  fan  motors 
and  motors  of  similar  size  used  for  power  purposes  little 
trouble  is  experienced,  but  in  large  motors  where  efficiency 
and  other  operating  characteristics  are  of  primary  im- 
portance the  problem  assumes  a  different  aspect. 

Shaded-Pole  Motor 

One  of  the  simplest  methods  of  producing  a  revolving 
magnetic  fi.eid  lor  bringing  a  single-phase  motor  up  to 
speed  is  that  which  is  known  as  the  "shaded  pole."  The 
stator  of  this  type  is  shown  diagrammatically  in  Fig.  43. 
The  field  structure  is  built  up  of  laminated  iron  with  pole 
projections  similar  to  a  direct-current  machine  with  a 
slot  cut  in  the  pole  face  parallel  to  the  axis  of  the  rotor, 
as  shown  in  Fig.  44.  This  slot  is  sometimes  cut  through 
the  center  of  the  pole  face  and  sometimes  to  one  side.  The 
field  coils  are  similar  to  those  in  the  direct-current  ma- 
chine and  all  are  connected  in  series  as  shown.  A  rect- 
angular copper  stamping  is  placed  around  each  pole  tip 
in  the  slot,  as  shown  in  Fig.  44.  In  some  cases  this  cop- 
per s;;;mping  is  replaced  by  a  number  of  turns  of  low- 
re->iance  wire,  the  two  ends  of  the  coil  being  joined  to 
mike  a  closed  circuit;  these  are  called  shading  coils.  The 
rotor  of  this  type  of  motor  is  a  simple  squirrel  cage.  The 
action  of  the  copper  stamping  or  shading  coil  is  as  fol- 
lows : 

If  these  field  coils  were  connected  to  a  single- 
phase  circuit  they  would  have  a  current  set  up  in  them 


first  in  one  direction  and  then  in  the  other.  This  al- 
ternating current  sets  up  an  alternating  magnetic  field 
through  the  field  structure  and  rotor.  The  field  coils 
will  act  similar  to  the  primary  of  a  transformer  and  the 
shading  coils  like  the  secondary.  Since  the  shading  coils 
are  of  very  low  resistance  and  short-circuited  they  will 
have  heavy  currents  set  up  in  them  that  will  oppose  the 
change  in  the  magnetic  flux  set  up  by  the  main  coils. 
Consider  the  current  increasing  in  value  through  the  coils 
in  a  direction  so  as  to  produce  alternate  north  and  south 
poles,  as  shown.    As  the  current  increases  in  value  it  will 
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Fig.  43.  Statoe  op  Shaded-Pole  Motor 
Fig.  44.   Detail  of  Shaded  Pole 
Fig.  45  (a),  (b),  (c).    Flux  Distribution  Due  to 
Shaded  Pole 

set  up  an  increasing  magnetic  flux  that  will  induce  a 
current  in  the  shading  coils  in  opposition  to  the  current 
in  the  main  coils,  as  indicated  by  the  arrow-heads.  There- 
fore, the  magnetomotive  force  produced  by  the  shading 
coil  will  be  in  opposition  to  that  produced  by  the  primary 
coil.  This  will  distort  the  flux  away  from  the  pole  tips 
with  the  shading  coil  over  to  the  opposite  pole  tip.  Such 
a  condition  is  represented  in  Fig.  45(a),  but  the  flux  will 
continue  to  increase  through  the  pole  tip  with  the  shad- 
ing coil  until  the  exciting  current  has  passed  through  a 
maximum  and  decreased  to  a  point  just  sufficient  to  main- 
tain the  flux  in  the  polepiece  equal  to  that  in  the  part 
surrounded  by  the  shading  coil.  At  this  point  the  mag- 
netic flux  through  the  shading  coil  is  at  a  maxiinum  and 
the  current  in  the  shading  coil  is  zero;  Fig.  45(b)  shows 
this  condition.  As  the  flux  in  the  main  part  of  the  pole 
continues  to  decrease,  the  current  in  the  shading  coil  re- 
verses in  direction  and   sets  up  a  magnetomotive  force 
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iiat  tends  to  prevent,  auj  change  of  lines  of  force  through 
be  shading  coil  so  that  when  there  is  no  flux  in  the  main 
art  of  the  pole  there  will  be  considerable  field  within  tlie 
hading  coil,  as  shown  in  Fig.  45(e) ;  therefore,  the  north 
ole  has  shifted  from  the  main  portion  of  the  polejjiece 
3  that  which  is  within  the  shading  coil,  likewise  with 
he  other  poles.  As  the  current  in  the  line  reverses  north 
'<''■-■  are  interchanged  wi'li  smith.     It  will  be  seen  that 
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^G.  46.   Altekxating-Cuerent  Circuit  with  Eesist- 

ANCE  AND  Inductive  Reactance 

Fig.  47.  Relative  Values  of  Current  and  E.M.F. 

he  poles  are  coutiunally  shifting  around  in  the  direction 
f  the  shading  coil,  producing  a  truly  revolving  field. 
L  rotor  placed  in  this  field  would  be  carried  around  with 
t  just  as  in  a  polyphase  motor.  This  type  of  motor  is 
ised  chiefly  for  fans  and  is  usually  built  with  four  or  six 
loles,  although  it  may  he  constructed  with  any  given 
lumber,  depending  upon  the  speed  required.  This  motor 
oes  not  operate  satisfactorily  in  large  sizes  on  account  of 
ts  low  efficiency,  low  starting  torque  and  other  operating 
:haracteristics. 

From  the  foregoing  it  was  seen  that  the  rotor  turns 
icross  the  polepiece  in  the  direction  of  the  shading  coils. 
?o  reverse  the  direction  of  rotation  it  will  be  necessary 
o  place  the  shading  coil  on  the  opposite  pole  tips,  but  in 
ome  cases  this  cannot  be  done  for  the  shading  coils  do 
lot  always  pass  through  the  center  of  the  pole  face.  If 
he  bearings  are  interchangeable  the  rotor  may  be  turned 
■nd  for  end,  this  will  be  the  same  as  turning  the  entire 
ield  structure  around,  which  would  bring  the  shading 
■oils  on  the  opposite  side  of  the  polepieces  when  viewed 
'roro  the  same  end  of  the  rotor  as  before.  Where  this 
:annot  be  done  it  will  he  necessary  to  remove  the  lamin- 
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Fig.  48.  Representing  Split-Phase  Windings  of 
Emerson  Motor 

ited  field  structure  from  its  shell  and  place  it  in  the  op- 
posite way. 

Split  Phase 

Another  method  that  is  used  in  a  great  many  different 
'orms  for  starting  single-phase  motors  is  that  which  is 
mown  as  phase  splitting.  It  is  well  known  that  when 
m  alternating  current  divides  between  two  branches  of 
\  circuit  of  unequal  resistance  and  reactance  there  is  a 


phase  difi'erence  between  the  currents  in  the  two  branches", 
that  is,  the  current  in  one  branch  lags  behind  that  in 
the  other,  depending  upon  the  resistance  and  reactance  in 
the  two  circuits.  This  condition  is  represented  in  Fig. 
46,  where  II  is  a  resistance  of  low  reactance  and  L  is  an 
inductive  reactance  connected  in  parallel  with  i2  to  a  sin- 
gle-phase alternating-current  circuit.  Let  the  curve  A, 
Fig.  47,  represent  the  e.m.f.  of  the  circuit.  An  alternat- 
ing current  will  flow  in  the  circuit  R  approximately  in 
step  with  the  impressed  e.m.f.  since  the  reactance  of  R 
is  very  low.  Let  this  current  be  represented  by  the  curve 
B.  Since  the  reactance  of  L  is  high,  an  e.m.f.  will  be  in- 
duced in  it,  which  will  oppose  any  change  in  the  value  of 
the  current  in  the  circuit,  therefore  the  current  will  lag 
behind  the  applied  e.m.f.  and  may  be  represented  by  the 
curve  C.  From  this  it  will  be  seen  that  the  current  in. 
circuit  72  is  at  a  maximum  when  the  current  in  L  is  at  a 
low  value  and  vice  versa;  therefore,  the  currents  in  R  and 
L  approach  the  condition  of  the  currents  in  a  two-phase 
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Fig.  4;).    \\'ixdings  of  Holtzer-Cabot  Motor 

circuit  which  are  90  deg.  apart  and  are  represented  by  the 
curves  in  Fig.  5,  Part  1  (page  535,  Oct.  14,  1913,  issue). 

Split-Phase  Motor 

If  an  induction  motor  is  constructed  with  two  wind- 
ings, one  of  high  resistance  and  one  of  low  resistance, 
these  windings  being  spaced  as  in  the  two-phase  motor, 
and  the  two  windings  connected  in  parallel  to  a  single 
circuit,  they  will  produce  a  revolving  magnetic  field  as 
explained  in  I'art  1.  This  type  of  motor  is  called  a 
split-phase  motor. 

Fig.  48  represents  the  windings  of  an  Emerson  single- 
phase  motor  that  is  accelerated  by  the  split-phase  method. 
The  main  coils  are  made  up  of  many  turns  of  coarse  wire 
which  occupy  about  three-quarters  of  the  stator  slots,  the 
two  ends  of  which  are  connected  direct  to  the  line  ter- 
minals. The  starting  winding  which  consists  of  many 
turns  of  fine  wire  occupies  about  one-quarter  of  the  slots, 
one  end  of  which  is  connected  to  the  line  terminal  (1), 
and  the  other  connected  to  the  line  terminal  (2)  through 
two  segments  a  and  h.  These  two  parts  are  stationary 
and  are  mounted  on  the  inner  end  of  one  of  the  bearing 
housings  and  are  insulated  from  each  other  and  their 
support.  When  the  motor  is  at  rest  segments  a  and  h 
are  short-circuited  by  the  semi-circular  contacts  c  and  d 
which  are  mounted  on  the  rotor  and  held  in  contact  with 
segments  a  and  h  by  the  springs  s,  as  shown. 

At  starting,  the  conditions  are  similar  to  those 
explained    for     Fig.    47.     The    current    in    the    main 
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winding  lags  farther  beliind  the  electromotive  force  than 
Ihe  current  in  the  starting  winding,  thus  producing  an 
imperfect  form  of  revolving  magnetic  field  which  gives 
tlie  motor  sufficient  torque  to  bring  it  up  to  speed.  When 
Ihe  rotor  has  reached  about  75  per  cent,  full  speed  the 
(ontacts  c  and  d  are  thrown  off  seginent.s  a  and  b  by 
centrifugal  force.     This  leaves  the  starting  winding  open 
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circuited,  and  the  motor  operates  on  the  main  winding. 
If  the  motor  is  to  be  started  under  load  the  rotor  is  ar- 
ranged to  revolve  freely  on  the  shaft.  When  it  has  at- 
tained about  85  or  90  per  cent,  normal  speed  the  shaft 
and  rotor  are  locked  together  by  a  clutch,  in  this  way 
thci-e  motors  are  enabled  to  start  under  full  load.  To 
reverse  the  direction  of  rotation  cross  either  the  leads  of 
tlie  starting  or  running  winding.  This  type  of  single- 
phase  motor  is  built  i)y  several  electrical  manufacturers. 

Fig.  49  shows  diagrammatically  a  Tloltzer-Cabot  s])lit- 
phase  motor  that  is  built  in  sizes  from  1  to  5  hp.  Jn 
addition  to  the  main  and  starting  windings,  as  already  re- 
ferred .to,  an  additional  external  inductive  reactance, 
mounted  in  the  base  of  the  motor  frame,  is  connected  in 
series  with  the  main  or  working  winding  at  starting.  This 
reactance  causes  a  greater  phase  displacement  between  the 
currfuts  in  the  starting  and  main  windings  with  a  cor- 
responding increase  in  starting  torque.  This  type  of  motor 
will  start  under  full  load  wuhout  any  automatic  rotor 
clutch.  Three  slip  rings  a,  h  and  c,  which  are  insulated 
from  each  other,  are  mounted  on  the  rotor  shaft  through 
whicli  the  main  end  starting  windings  are  con- 
nected by  brushes.  At  stai'ting.  slip  rings  a  and 
h  -  are  connected  together  through  a  switch  in  the 
rotor.  This  allows  the  current  from  the  line  to 
flow  from  terminal  m  through  the  working  wind- 
ing;- and  the  reactance  coils  to  tlic  <i]i|i(isitc  terminal  ii 
III'  tile  line,  also  from  terminal  //(  thi'<iiigli  the  starting 
winding  and  the  slip  rings  a  and  h  to  the  line  terminal  n. 
When  the  motor  has  attained  about  80  per  cent,  full-load 
speed  the  centrifugal  switch  opens  the  circuit  between 
slip  rings  a  and  h  and  closes  that  between  .slip  rings  a  and 
c.  This  cuts  out  the  starting  winding  and  short-circuits 
the  reactance  coils;  then  the  main  winding  is  connected 
direct  to  the  line.  When  necessary  a  link  /  is  used  to 
short-circuit  one  section  of  the  reactance.  This  allows 
ihe  motor  to  take  a  larger  starting  current  from  the  line 


which  increases  the  .starting  torque.  In  sizes  of  less  than 
]  hp.  the  reactance  coils  are  disposed  with  and  only  two 
sli]i  rings  are  used  which  are  radial  and  are  mounted 
against  the  end  of  the  rotor  with  bru.shes  that  are  paral- 
lel with  the  shaft. 

PoLYPHA.sK  Motors  on  Single-Phase  Ciecuiy 

A  two-phase  motor  will  start  when  the  currents  in  the 
two  stator  windings  are  less  than  90  deg.  apart,  likewise 
a  three-phase  motor  will  start  when  the  three  cur- 
rents in  the  three  stator  windings  have  a  phase  displace- 
ment other  than  120  deg.,  although  the  starting  torque 
becomes  less  and  less  as  the  phase  displacement  changes. 
Two-])ha.se  motors  may  be  started  on  a  single-phase  cir- 
cuit by  connecting  a  resistance  or  an  inductive  reactance 
in  series  with  either  phase.  This  method  can  be  im- 
proved by  connecting  a  resistance  in  series  with  one  phase 
and  a  reactance  in  series  with  the  other  phase.  Fig.  50 
shows  the  connections  for  doing  this  through  a  double- 
pole  double-throw  switch.  When  the  switch  is  in  the 
down  jjosition  a  reactance  L  is  connected  in  series  with 
phase  A  and  a  resistance  R  m  series  with  phase  B.  The 
reactance  L  increases  the  phase  displacement  between  the 
e.m.f.  and  the  current  in  phase  A,  while  the  resistance  R 
decreases  the  phase  displacement  between  the  e.m.f.  and 
the  current  in  phase  B,  thus  causing  a  phase  displacement 
between  the  current  in  phases  A  and  B  and  producing  an 
imjierfect  form  of  revolving  magnetic  field  which  will 
develop  sufficient  torque  to  bring  the  motor  up  to  speed. 
Then  the  switch  may  be  thrown  to  the  up  position,  which 
connects  phase  A  direct  to  the  line  and  phase  B  is  cut  out 
of  circuit. 

A  three-phase  motor  may  be  brought  up  to  speed  on  a 
single-phase  circuit  by  connecting  two  of  the  motor  ter- 
minals to  one  side  of  the  line  through  a  resistance  and 
reactance  and  the  third  terminal  direct  to  the  line.  Fig. 
51  shows  the  connections  for  doing  this  through  a  double- 
pole  double-throw  switch.  When  the  switch  is  in  the 
down  position  the  motor  terminals  1  and  2  are  connected 
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to  the  same  side  of  the  line  through  a  resistance  i?  and 
reactance  L  respectively,  and  terminal  .3  is  connected  di- 
rect to  the  line.  This  gives  a  phase  displacement  to  the 
c-irrent  in  the  three  stator  windings  which  is  sufficient 
to  start  the  motor  under  no  load.  After  the  motor  has 
been  brought  up  to  speed  the  switch  is  thrown  to  the 
up  position,  thus  cutting  out  the  resistance  and  reactance 
and  connecting  terminals  1  and  3  direct  to  the  line ;  then 
the  motor  is  operating  as  a  single-phase  motor  and  the 
load  may  be  applied.    A  three-phase  motor  operating  un- 
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dcT  this  condition  will  only  have  al)out  two-thirds  the  ca- 
parity  of  its  three-pliase  rating  and  has  its  maximum 
starting  torque  when  the  starting  resistance  and  reactance 
are  equal. 

The  General  Electric  Co.  huilds  a  single-phase  motor 
wliich  is  started  by  the  foregoing  method.  The  starting 
resistance  iind  reactance  are  mounted  in  a  suitable  start- 
ing box,  shown  in  Fig.  52,  connected  to  the  stator  wind- 
ings which  are  connected  in  delta  and  are  the  same  as  in 
a  regular  three-phase  motor.  At  starting  the  arm  a  is 
raised  to  a  position  so  as  to  rest  on  contacts  h  and  c.  This 
connects  the  motor  to  the  line  through  the  resistance  R 
and  reactance  L  which  is  the  same  condition  as  in  Fig. 
51.  After  the  motor  has  attained  the  proper  speed,  arm  a 
is  raised  to  position  d  and  is  held  in  this  position  by  the 
no-voltage  release  coil.  Arm  a  is  made  interlocking  in 
such  a  way  that  when  it  is  raised  to  the  starting  position 
it  cannot  be  raised  any  farther  until  first  dropped  back 
^lightly  to  release  the  lock  and  then  raised  quickly  to 
the  running  position.  This  prevents  the  attendant  from 
raising  the  arm  to  the  running  position  before  the  motor 
lias  had  time  to  accelerate.  The  rotor  is  of  the  regular 
?quirrel-cage  type  and  is  arranged  so  that  at  starting  it 
revolves  freely  on  the  shaft.  After  attaining  approxi- 
mately full  speed  the  rotor  is  locked  to  the  shaft  by  means- 
:>f  an  automatic  clutch.  These  motors  are  built  in  sizes 
from  1/4  to  15  hp.  The  10-  to  15-hp.  starters  are  pro- 
pided  with  taps  on  the  starting  resistance  and  reactance 
30  that  the  starting  torque  can  be  changed. 

System  of  Tallying  Truck  Loads 

By  Ebnest  Giles 

Counting  truck  loads  of  wood  iu  the  grinding  room  of 
1  pulp  mill,  although  a  simple  task,  involves  the 
oersonal  element  so  much  that  the  figures  are  seldom  re- 


always  been  unreliable  in  the  past.  This  system,  although 
designed  primarily  for  a  pulp  mill,  could  be  used  for 
other  purposes,  such  as  carloads  of  coal. 

The  mill  of  which  I  write  has  20  grinders,  one  grinder- 
man  taking  care  of  two  grinders,  and  working  on  eight- 
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Fig.  ] .  Layout  of  Plant 

liable  and  as  production  is  checked  against  the  amount 
if  wood  ground  it  is  necessary  to  have  an  accurate  count, 
rhere  is  at  present  being  installed  in  a  mill  in  northern 
New  York  a  system  of  counting  loads  that  is  novel  and 
at  the  same  time  simple,  but  above  all  practically  fool 
proof,  and  will  wipe  out  the  personal  element  wliich  has 


Fig.  2.   Wiring  fkom  Rails  to  Clock 


hour  shifts.  It  is  desired  to  know  not  only  how  many 
cords  of  wood  are  ground  but  how  many  each  man  grinds. 

The  grinder  room  is  laid  out  as  shown  in  Fig.  1  and  is 
equipped  with  a  system  of  rails  and  turntables  going  to 
all  grinders.  Wood  is  loaded  onto  trucks  holding  one- 
half  cord  and  is  pushed  over  the  rails  onto  the  turn- 
tables and  turned  directly  onto  a  short  siding,  where  the 
operator  handles  the  two  grinders. 

The  short  rails  at  the  sidings  are  insulated  from  the 
turntables  and  from  each  other,  and  form  the  two  sides 
of  an  electric  circuit  which  is  closed  by  the  wheels  of  the 
truck,  thereby  furnishing  an  excellent  way  of  telling  not 
only  the  time  at  which  a  load  arrives  but  also  how  long 
it  stays  there  and  how  soon  a  new  load  is  placed.  . 

Electricity  for  energizing  the  rails  is  supplied'  by  a 
small  specially  designed  transformer  giving  six  volts  at 
the  secondary  winding,  this  voltage  having  been  decided 
on  after  a  series  of  tests  under  working  conditions. 

All  wiring  is  in  conduit  and  is  run  under  the  floor  in 
ducts,  and  the  connectioiis  to  the  rails  are  made  from 
lielow  for  protection.  The  wire  iised  is  standard  No.  14 
ruliber  covered,  and  is  installed  with  the  same  degree  of 
care  as  if  it  were  used  for  lighting  or  power  service. 

The  recording  clock  used  follows  standard  practice  in 
the  arrangement  of  cliart  and  pens,  but  is  designed  es- 
peciall}'  for  use  on  low-frequency  alternating  current  and 
uses  solenoids  for  working  the  pens  in  place  of  ordinary 
magnets.  Tests  proved  that  magnets,  as  ordinarily  built, 
gave  a  chattering  movement  of  the  pens  unless  very  care- 
fully adjusted,  and  any  attempt  to  make  the  movement 
of  the  return  to  the  position  of  rest  (power  off)  positive, 
made  the  chattering  worse,  as  the  pens  would  necessarily 
be  returned  by  spring  pressure.  However,  the  chattering 
was  entirely  overcome  by  using  solenoids,  the  cores  of 
which  are  so  arranged  as  not  to  produce  any  movement  of 
the  pens  other  than  to  draw  them  over  the  chart  and  hold 
them  there  as  long  as  the  current  is  on  the  coils. 

Reference  to  Fig.  2  will  show  the  -rn'rinsj  scheme,  which 
is  the  same  as  that  used  on  an  ordinary  annunciator. 
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Coal  to  Heat  Factory  Buildings 

By  James  D.  White 

There  are  various  opinions  as  to  the  rehitive  merits  of 
the  isolated  phmt  and  the  central  station.  It  is  not  the 
intention  of  the  writer  to  take  sides  in  this  matter  but 
rather  to  present  some  facts  regarding  the  fuel  require- 
ments of  factory  buildings  which  may  be  of  use  in  form- 
ing an  opinion  for  any  particular  case. 

Accurate  infonnation  as  to  the  power  required  for  a 
plant  is  generally  available.  It  is  just  as  necessary  to 
know  the  amount  of  steam  required  for  heating,  but  in- 
formation on  this  point  is  usually  lacking. 

About   SO  per  cent,  of  the  heat  of  the  steam  at  the 
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pressure  of  the  exhaust  is  available  for  heating.  Knowing 
the  pounds  of  steam  required  per  hour  to  drive  the  engine 
in  any  plant  it  is  easy  to  calculate  the  amount  remaining 
for  heating. 

For  the  conditions  found  in  the  New  England  States 
about  65  lb.  of  coal  are  required  per  square  foot  of  direct 
radiation  for  the  heating  season.  Buildingg  heated  by 
the  fan  system  will  vary  in  their  fuel  requirements  from 
those  heated  by  direct  radiation,  depending  on  the  amount 
of  air  supplied  from  the  outside. 

The  curves  accompanying  this  article  are  based  on 
standard  factory  construction.  An  amount  of  radiation 
is  provided  to  heat  the  buildings  to  65  deg.  in  zero 
weather.  Values  are  given  for  buildings  with  12-,  16- 
and  24-in.  brick  and  12-in.  concrete  walls. 
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The  term  "equivalent  roof"  is  defined  as  a  square  foot 
of  roof  surface  with  the  same  transmission  rate  as  a  square 
foot  of  wall  surface.  A  large  majority  of  factory  build- 
ings are  covered  with  a  tar  and  gravel  roof  on  2-in.  plank. 
In  this  case,  1  sq.ft.  of  roof  equals  1  sq.ft.  of  12-in.  brick, 
1.21  sq.ft.  of  16-in.  brick,  1.57  sq.ft.  of  24-in.  brick  and 
0.70  sq.ft.  of  12-in.  concrete.  For  roofs  covered  with 
slate  or  tile,  suitable  allowances  should  be  made. 

Eeduce  the  square  feet  of  roof  surface  to  an  equivalent 
number  of  square  feet  of  wall  surface  having  the  same 
transmission  in  B.t.u.  per  hour.  Add  this  result  to  the 
square  feet  of  vertical  wall  to  obtain  the  total  wall  surface. 
Walls  adjacent  to  a  heated  building  should  be  omitted 
as  there  will  be  no  transfer  of  heat  through  them.  Find 
the  ratio  between  the  square  feet  of  glass  surface  and  the 
square  feet  of  total  wall  surface  for  the  building  under 
consideration.  At  the  point  where  this  line  intersects 
the  curve  for  a  given  thickness  of  wall  surface  drop  a 
vertical  to  the  lowest  horizontal  line  of  the  chart  and  read 
tons  of  coal  per  year  for  1000  sq.ft.  of  wall  surface. 

In  case  there  are  several  thicknesses  of  wall  in  the  same 
building,  find  the  values  for  each  different  thickness  and 
combine  the  results.  It  is  evident  that  buildings  with  lit- 
tle leakage  or  those  having  an  automatic  .system  of  tem- 
perature control  will  use  less  fuel  than  the  average  value 
previously  given.  On  the  other  hand,  buildings  with 
large  doors  which  are  open  to  transfer  manufactured  prod- 
ucts will  require  more  fuel  than  would  be  indicated  by  the 
curves.  In  such  cases  good  judgment  will  be  required  to 
modify  the  values  given. 

It  is  the  desire  of  the  writer  that  engineers  having 
accurate  data  on  the  fuel  requirements  of  their  own 
buildings  will  compare  their  results  with  the  method 
given  above.  Particular  attention  should  be  paid  to  any 
special  features  of  the  plant  that  would  tend  to  show 
the  reasons  for  the  difference  in  values.  In  this  way 
much  valuable  information  may  be  given  regarding  a 
subject  that  at  the  present  time  is  more  or  less  in  doubt. 

A  Combination  Steam  and  Hot-Water 
Heating  System 

By  a.  p.  Connor 

There  are  many  occasions  arising  in  daily  practice, 
where  a  combination  steam  and  hot-water  system  using 
the  same  piping  and  the  same  heating  medium  is  not  only 
mechanically  desirable  but  would  increa.se  the  efficiency 
of  the  plant.  Such  a  system  can  be  readily  adopted  in 
many  installations  without  involving  appreciable  labor 
or  cost,  as  was  done  in  the  ease  to  be  described. 

In  the  particular  instance  which  the  writer  has  in 
mind,  a  steam  main  ran  from  the  power  house  to  a  series 
of  buildings,  ever  1000  ft.  away,  and  supplied  heat  for 
various  purposes  and  in  various  degrees.  The  method 
originally  employed  was  to  use  live  steam  and  exhaust 
into  the  sewer,  the  radiation  in  the  various  buildings  be- 
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j.ij;  [iroportioned  to  its  heating  requirements  and  con- 
trolled by  valves.  This  system  was  satisfactory  as  far  as 
heating  was  concerned,  but  the  amount  of  steam  rising 
out  of  the  sewer  manholes  in  the  vicinity  of  the  discharge 
from  the  heating  system  of  these  buildings  made  an  un- 
desirable si^ectacle  in  addition  to  the  waste  of  energy. 
The  engineer  in  charge,  who  it  may  be  said  was  not  re- 
sponsible for  the  original  layout,  decided  something  had 
to  be  done,  and  that  without  any  outlay  because  no  funds 
were  available. 

On  investigation  he  found  the  following  situation :  As 
shown  in  Fig.  1,  the  steam  mains  to  the  buildings  near 
the  end  of  the  lines  were  run  close  to  the  ceilings  and 
dropped  to  the  radiation  in  the  buildings  in  series,  thence 
going  through  a  steam  trap  to  the  sewer.  The  water  sent 
through  the  trap  being  hot,  created  a  lot  of  vapor  in  the 
sewer  which  came  out  through  the  various  manholes  and 
was  especially  conspicuous  on  damp  or  cold  days. 

The  trouble  was  remedied  by  procuring  a  tank,  insert- 
ing it  horizontally  in  the  steam  line  close  to  the  ceiling 
and  connecting  a  steam  trap,  as  shown  in  Fig.  2.  The 
steam  trap  collected  the  water  from  the  heating  system 


up  to  that  point  and  when  operated  raised  the  water  to 
the  tank  in  the  steam  mains,  a  head  of  about  12  ft.  The 
water  v/as  allowed  to  collect  in  the  tank  until  it  was  sev- 
eral inches  deep,  and  then  the  operator  turned  on  the 
valve  K  just  sufficiently  to  let  a  uniform  and  constant 
quantity  of  water  into  the  system  beyond  the  tank.  Suffi- 
cient hot  water  was  supplied  to  keep  the  system  at  a  de- 
sirable temperature  and  the  head  given  by  the  position 
of  the  tank  produced  a  positive  flow.  The  valve  at  the 
end  of  the  line  was  opened  to  let  the  water  into  the  sewer 
in  the  same  proportion  as  the  hot  water  entered.  An 
overflow  pipe  was  also  provided  on  the  tank  to  act  in  case 
the  valve  got  stopped  up  or  did  not  let  water  flow  through 
in  sufficient  quantity. 

The  water  in  the  first  building  heated  by  hot  water 
was  at  the  boiling  point  to  begin  with  and  the  general 
temperature  of  the  building  was  high.  The  next  build- 
ing was  heated  to  the  desired  temperature  but  the  aver- 
age temperature  of  the  water  was  about  60  deg.  lower 
than  in  the  first  building.  In  the  third  building  the  tem- 
perature of  the  water  was  still  lower  and  on  leaving  the 
system  was  barely  warm.  This  eliminated  the  vapor 
trouble  originally  experienced. 

It  is  needless  to  add  that  the  efficiency  of  the  system 
was  increased,  and  no  difficulties  of  note  were  experi- 
enced in  its  operation.  The  cost  of  making  the  changes 
was  practically  nothing,  owing  to  the  fact  that  a  tank  was 
available  at  the  time,  the  fittings  were  in  stock  and  the 
regular  employees  of  the  plant  did  the  work.  It  may  be 
added  that  later  on  all  of  the  water  was  returned  to  the 


boilers  by  means  of  a  jnimp.  A  suitable  length  of  ly^- 
in.  pipe  was  run  underground  and  a  slight  change  made 
in  the  connections  at  the  sewer. 

The  results  produced  by  these  later  changes  were  a  sav- 
ing in  water,  an  elimination  of  boiler-scale  troubles  and 
oxidization,  and  an  appreciable  saving  in  coal.  The 
.«team-hot-water  combination  has  been  used  a  number  of 
years  and  is  still  in  daily  service. 

Cost  of  Heating  and  Power-Plant 
Apparatus 

The  article  by  W.  J.  Downing  in  the  Nov.  18  issue  of 
I'owuR  under  the  above  title  contains  much  useful  in- 
formation. While  most  of  it  appeals  to  the  writer  as  be- 
ing sufficiently  accurate  for  estimating  probable  costs,  yet 
some  of  the  items  are  excessively  high  and  might  deter 
an  embryo  designer  from  using  the  apparatus  considered. 
Thus  under  the  heading  "Radiation,"  pipe-coil  heaters  for 
fan  systems  are  estimated  at  45  to  50c.  per  sq.ft.  of  sur- 
face. In  my  experience  this  should  be  from  24  to  45c. 
per  sq.ft.  of  surface.  This  price  includes  the  complete 
casing  and  fan  connections,  the  low  price  being  for  coils 
about  7x10  ft.  and  the  higher  prices  of  coils  down  to  3xfi 
ft.  Now  the  designer  using  Mr.  Downing's  figures  would 
be  justified  in  using  cast-iron  heaters  exclusively  at  25c. 
per  ft.,  although  as  a  matter  of  fact  under  certain  con- 
ditions pipe  coils  are  a  better  proposition. 

Shaking  grates  instead  of  costing  $5  to  $6  per  sq.ft. 
of  surface,  can  be  installed  for  from  $3.75  to  $4.75  per 
sq.ft.  Open  feed-water  heaters,  good  for  10-lb.  pressure, 
complete  with  oil  separator  and  grease  trap,  can  be  bought 
for  about  $1  per  horsepower  as  low  as  the  400-hp.  size, 
and  for  75c.  per  hp.  in  the  1000-hp.  size. 

Under  the  heading  "Ventilating  Apparatus,"  steel-plate 
fans  ai-e  estimated  at  $10  to  $13  per  1000  cu.ft.  at  %  oz. 
pressure.  This  again  is  far  too  liberal,  $7  to  $10  being 
quite  safe. 

Oalvanized-iron  work  is  estimated  at  15c.  per  lb.,  which 
is  excessive  for  average  factory  work,  as  10c.  per  lb.  in 
place  will  cover  a  first-class  job  where  local  help  can  be 
used.  Only  recently  we  let  a  5-ton  job  at  about  6c.  perl 
lb.,  but  we  realize  that  this  is  an  exceptionally  low  figure. 

Electric-light  wiring  is  estimated  at  $6  per  outlet.  For| 
dwellings  this  is  too  high,  $2  per  outlet  is  a  safe  figure. 

All  the  prices  given  by  the  writer  are  based  on  actual 
quotations  given  this  year  and  so  are  perfectly  reliable 

In  his  article,  which  was  short,  considering  the  ground 
covered,  Mr.  Downing  could  not  go  into  details  as  to  what 
v/as  included  in  his  prices.  This  may  account  for  the 
difference  between  his  figures  and  mine.  However,  the 
difference  is  great  enough  to  warrant  attention  being 
called  to  the  fact  that  in  several  cases  Mr.  Downinsf's 
estimates  are  too  liberal  and  thus  misleading.  They  would 
be  even  more  liberal  if  the  contractor's  10  per  C'cnt.  were 
included,  as  it  is  in  the  writer's  quotations. 

Syracuse,  X.  Y.  A.  Robertsox. 


Remunerntion  of  Electrical  Enprineers — .\nyone  who  keeps 
closely  in  touch  with  the  developments  in  al  branches  of  the 
electrical  industry  cannot  fail  to  be  an  optimist  re^ardin^ 
future.  This  is  the  agre  of  electricity.  The  demand  for  men 
trained  to  make  available  its  beneficient  powers  for  the  se 
ice  of  society  is  bound  to  increase.  For  the  best  results 
all  a  healthy  balance  of  the  demand  and  supply  of  men  so 
trained  is  needed. — "Electrical  Review." 


Deceml)er  16,  1913  POWER  859 

^IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIW 


EDITORIALS 


iiiiiii II iiiiiiiiiiiiiiiiiiiiiiiiiii I iiiiiiiiiiiiiiiiiiiiniiiiiii iiiiiiiiiiiiiiiiniiiiiii iiiiiiiii iiiiiiiniiiii iiiiiiiiiiiiiiiii iiiiiiiiii iiiiiiu niiiiin iiiiiiiiiiiiiiiiiiinniiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiuiiiiiiiiiioiiiiiiniiniiiniiiiiiin  i 


The  Elevation  of  the  Fireman 

For  years  the  steam  engineer  lias  made  the  engine  room 
the  locus  of  his  activities,  and  the  engine  the  principal  ob- 
ject of  his  solicitude.  Even  here  the  selection  has  too 
often  been  determined  by  the  expected  performance  of 
the  engine  in  pounds  of  steam  per  unit  of  output  rather 
than  the  ultimate  economy  of  the  plant  expressed  iu 
money  per  unit  of  production  as  influenced  by  the  stand- 
ing charges,  use-factor,  etc.,  but  that  is  another  story. 
What  we  want  to  emphasize  now  is  the  still  persisting 
proclivity  to  direct  one's  efforts  for  betterment  to  the 
limited  possibilities  of  the  engine  room;  while  the  condi- 
tions and  operation  of  the  boiler  room,  rich  in  possibilities 
of  saving  beyond  anything  which  continuous  effort  in  the 
engine  room  can  jjossibly  effect,  receive  but  desultory  at- 
tention and  are  left  in  the  hands  of  the  poorest  paid  and 
least  intelligent  of  the  operating  force. 

When  the  engines  have  been  selected,  their  valves  prop- 
erly set,  and  provision  made  for  their  proper  lubrication 
the  exercise  of  effective  supervision  is  confined  to  an  in- 
telligent adaptation  of  units  to  load  and  to  the  keeping 
of  the  engines  in  proper  condition  with  regard  to  pack- 
ing, valve  setting,  etc.  There  is  little  that  one  can  do  in 
the  engine  room  beyond  this  that  will  have  any  bearing 
on  the  cost  of  the  power  produced.  In  the  boiler  room  the 
conditions  are  quite  otherwise.  The  most  effective  nor- 
mal condition  is  more  difficult  to  arrive  at,  and  once  de- 
termined upon  is  more  difficult  to  maintain.  Adjust- 
ments instead  of  being  good  for  months  are  good  for  min- 
utes, and  a  high  degree  of  skill  must  he  constantly  ap- 
plied to  conduct  the  process  of  converting  the  energy 
latent  in  the  fuel  into  a  form  in  which  it  is  available  for 
power  production. 

In  this  part  of  the  plant  more  than  anywhere  else  the 
human  factor  is  predominant.  Months  of  study  and  thou- 
sands of  dollars  of  investment  are  expended  upon  the  effi- 
ciency of  the  engines  and  apparatus,  but  how  much  at- 
tention is  given  to  the  efficiency  of  the  men  ? 

The  process  of  combustion  is  a  complicated  and  in- 
teresting chemical  one.  A  man  who  understands  it  and 
applies  his  knowledge  may  easily  do  the  same  work  on 
ten  per  cent,  less  fuel,  and  sure  twice  his  wages,  while 
a  man  in  responsible  charge  of  the  whole  steam-generat- 
ing plant  may  easily  raise  its  efficiency  from  the  usual 
sixty  to  seventy-five  or  eighty  per  cent. 

The  trouble  has  been  that  men  with  the  education, 
ability  and  spirit  which  would  make  them  successful  in 
this  work  will  not  work  under  the  conditions  of  the  or- 
dinary boiler  room,  nor  for  the  money  which  the  ordinary 
owner  or  manager  is  willing  to  pay  for  what  he  has  been 
accustomed  to  regard  as  a  laborer's  job. 

With  the  increasing  estimate  of  the  possibilities  of  sav- 
ing which  the  boiler  room  offers,  the  lightening  of  the 
manual  labor  by  means  of  conveying  machinery  and  me- 
chanical stokers,  the  increased  interest  which  comes  from 
the  scientific  study  of  the  boiler-room  processes,  the  use 
of   instruments   requiring  as  high   a  degree  of   skill    at 


least  as  any  used  in  the  engine  room,  it  is  reasonable  to 
suppose  that  the  time  is  near  at  hand  when  the  man- 
agement of  the  fire  room  will  pass  out  of  the  hands  of  the 
illiterate  stoker,  and  will  attract  a  higher  order  of  man, 
who  will  find  nothing  undignified  in  applying  his  knowl- 
edge of  boilers  and  furnaces,  and  baffles,  and  rates  of 
combustion,  and  flue  gas,  coal  and  ash  analysis,  to  sav- 
ing a  quarter  of  the  coal  which  is  burned  in  the  big  plant, 
and  that  he  will  receive  a  remimeration  commensurate 
with  the  service  which  he  renders  aiul  the  saving  which 
he  effects. 

The  papers  of  J.  W.  Parker,  of  the  Detroit  Edison 
Co.,  upon  "The  Operation  of  the  Large  Boiler  Units  at 
the  Delray  Station"  of  that  company  and  especially  that 
of  Prof.  AValter  N.  Pohdvov  upon  "Task  Setting  for  Fire- 
men," both  read  at  the  recent  meeting  of  the  American 
Society  of  Mechanical  Engineers,  are  replete  with  sugges- 
tions of  the  possibilities  which  lie  in  this  direction. 


Substitutes  in  Emergencies 

Continuous  service  is  the  prime  consideration  in  any 
power  plant,  large  or  small.  Economical  operation  is  sec- 
ondary to  continuous  service. 

Power-plant  apparatus  is  subject  to  disorders  even 
when  reasonably  well  cared  for,  but  let  the  attentiveness 
of  the  operator  become  lax  and  the  liability  to  accidents 
productive  of  service  interruptions  becomes  proportionally 
greater.  N"ot  long  ago  one  of  our  engineer  friends  re- 
lated with  justifiable  pride  how  the  central-station  plant 
he  had  operated  had  not,  in  nine  years,  suffered  a  ser- 
vice interruption  that  was  due  to  disorders  of  apparatus 
or  machinery  inside  the  power  house.  He  attributed  this 
to  the  frequent  and  thorough  inspections  given  equipment 
and  to  the  practice  of  lifting  by  hand  each  safety  valve 
and  of  inspecting  the  turbine  emergency  stop  just  prior 
to  the  peak-load  periods,  which  come  in  the  late  after- 
noons. It  is  this  unfailing  attention  to  detail  that  re- 
duces emergencies  to  a  minimum. 

Despite  the  most  careful  observation  and  inspection  of 
equipment,  conditions  arise  that  make  it  impossible  to  op- 
erate the  plant  without  resorting  to  unusual  measures. 
It  is  the  ability,  the  resourcefulness,  to  meet  such  condi- 
tions that  makes  a  man  valuable. 

We  recall  the  case  of  a  plant  in  Baltimore  which  made 
rise  of  the  boilers  in  a  large  steamboat  to  furnish  steam 
when  its  own  were  suddenly  put  out  of  service.  A  con- 
temporary criticized  the  authorities  of  the  Richmond 
Light  &  Power  Co.  for  not  making  use  of  a  similar  ex- 
pedient when  its  plant  was  out  of  service  for  five  days, 
due  to  a  boiler  explosion.  Perhaps  no  one  in  authority 
thought  of  this  substitute.  This  is  not  a  good  excuse, 
however,  for  the  Baltimore  incident  received  adequate 
publicity. 

During  the  floods  in  the  Middle  West  last  spring  many 
interesting  emergencies  arose.  One  plant  was  unfortun- 
ate enough  to  have  the  motor  driving  the  condenser-hot- 
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;!iimp  completely  clisabled.  To  operate  the  turbine 
jiojKojulensiug  would  have  meant  using  all  the  coal  in 
the  bunkers  in  a  few  days,  with  no  indication  of  getting 
more,  as  over  a  1000  ft.  of  the  railroad  siding  to  the 
plant  was  washed  away.  The  dry-air  pump  was  made  to 
handle  the  condensed  steam  as  well  as  the  noncondensible 
vapors.  And  it  did  so  for  ten  days,  in  which  time  the 
siding  was  repaired,  the  bunkers  tilled  and  the  hotwell 
pump  again  available. 

The  art  of  autogenous  welding  is  doing  much  to  insure 
continuous  service  when  interruptions  seem  imminent, 
due  to  equipment  being  cracked  and  broken. 

Hardwood  has  been  used  to  make  substitute  parts  for 
broken  cylinder  heads,  piston  rings,  rocker-arms,  etc., 
and  these  parts  have  given  service  until  the  arrival  of 
metal  parts.  In  substituting  wooden  for  iron  or  steel 
parts,  care  must,  of  course,  be  taken  to  make  them  strong 
enough  to  meet  conditions  or  make  conditions  suit  the 
strength  of  the  parts.  The  thing  to  remember  is  that 
parts  of  equipment  as  designed  and  built  are  the  best, 
though  not  necessarily  the  only,  means  of  accomplishing 
the  function  of  the  particular  apparatus. 

Refrigeration  and  Central-Station 
Power 

With  the  advent  of  raw-water  ice  which  does  not  call 
for  the  installation  of  evaporators,  the  central  station  has 
been  waking  to  the  possibilities  of  a  refrigerating  or  ice- 
making  load.  The  characteristics  of  such  plants  are  to 
their  liking  and  help  to  boost  their  annual  load  factor  at 
the  period  during  which  they  carry  the  lightest  load  of 
the  year.  Starting  with  the  mouth  of  January  their  load 
is  high  and  continues  so  during  the  winter  months.  Dur- 
ing the  spring  and  summer  there  is  a  great  falling  off  and 
the  load  does  not  begin  to  pick  up  until  the  month  of 
October.  From  then  on  there  is  a  gradual  rise  and  in  De- 
cember the  average  central  station  is  carrying  the  heaviest 
load  of  the  year.  Machinery  must,  of  course,  be  installed  to 
supply  the  heaviest  draft  on  the  station  and  part  of  it 
must  remain  inactive  or  at  least  "run  light"  when  the  de- 
mands are  a  minimum. 

To  fill  up  this  valley  in  their  annual  load  curve  has  been 
the  concentrated  aim  of  the  central  station,  and  the 
same  may  be  said  of  the  daily  load  which  in  most  sta- 
tions runs  high  in  the  morning  and  evening  hours.  For 
this  very  purpose  there  is  no  load  better  adapted  than  a 
refrigerating  or  ice-making  plant,  and  especially  the  lat- 
ter when  not  equipped  with  storage.  In  the  average  ice 
plant  on  which  there  is  no  special  call  for  ice  outside  of 
the  usual  public  demand,  over  sixty  per  cent,  of  the  an- 
nual output  is  sold  in  the  months  of  June,  July,  August 
and  September.  The  balance  is  distributed  over  the  eight 
months  remaining.  Even  with  storage  when  a  uniform 
load  is  carried  throughout  the  year  there  is  the  possibility, 
with  large  brine  storage  to  maintain  the  temperature,  of 
shutting  down  during  the  highest  part  of  the  daily  peak. 
Eefrigeration  would  furnish  a  load  having  ice-plant  char- 
acteristics, although,  perhaps,  the  division  of  the  annual 
power  requirements  would  be  slightly  different.,  In  either 
ease  the  load  would  be  continuous  and  approximately 
uniform  for  twenty-four  hours  in  the  day. 

It  is  small  wonder  then  that  central  stations  desire 
such  a  load  and  in  some  cases  at  least  are  offering  rates 


much  lower  than  they  would  give  for  the  same  amount 
of  power  to  other  consumers  of  energy.  According  to 
their  logic,  as  expressed  by  one  of  their  representatives  at 
a  recent  convention,  they  can  afford  to  dispense  with  the 
fixed  charges  and  make  a  very  small  profit  over  the  op- 
erating costs.  It  has  probably  occurred  to  them  that  this 
policy  is  unfair  to  the  small  light  and  power  users,  who  in 
most  cases  absorb  the  greater  part  of  the  load.  They 
know  it  is  discrimination  pure  and  simple,  but  the  pub- 
lic stands  for  it,  and  besides  it  betters  their  annual  load 
factor  and  the  gross  receipts. 

It  is  apparent,  however,  that  their  operating  cost  or 
perhaps  their  profit  is  too  high,  for  they  have  made  very 
little  headway  in  serving  plants  of  over  twenty-five  tons 
capacity.  There  are  a  few  exceptions,  such  as  a  plant  in 
Brooklyn  of  one  hundred  and  fifty  tons  capacity,  which 
by  a  specially  low  rate  has  been  drawn  into  the  fold.  Even 
in  this  special  case  it  is  not  at  all  certain  that  an  isolated 
plant  could  not  do  better.  There  are  cases  where  power 
should  be  purchased,  but  these  are  the  small  plants  pre- 
viously cited.  For  a  plant  of  any  pretensions  the  rate 
must  be  low  indeed — in  fact,  away  below  what  the  cen- 
tral station  could  possibly  give  without  discriminating 
heavily  against  a  large  proportion  of  its  customers — to 
discount  the  results  obtained  in  an  isolated  plant  prop- 
erly managed  and  operated  with  fair  economy. 

It  will  be  admitted  that  the  generating  cost  of  power  in 
the  central  station  is  slightly  lower  than  in  the  average 
isolated  plant,  but  in  the  formation  of  rates  the  dispensers 
of  power  are  under  a  heavy  handicap  caused  by  an  expen- 
sive office  and  selling  force,  transmission  losses  to  the  ser- 
vice, the  possibilities  of  using  exhaust  steam  for  heating 
and  high  overhead  charges  due  to  the  enormous  invest- 
ment required.  Then  profits  must  be  considered  and  in 
the  past  there  has  been  more  or  less  trouble  in  transmit- 
ting the  power  from  a  motor  to  the  compressor  shaft. 

If  all  these  items  are  considered  and  included  in  the 
rate,  the  central  station  could  not  passibly  compete  with 
an  efficient  isolated  plant  of  sufficient  capacity  to  produce 
average  results.  If  the  rates  are  based  on  operating  and 
transmission  costs  only  and  the  other  consumers  are 
forced  to  pay  all  of  the  fixed  charges,  the  competition 
would  be  much  closer.  Even  then  the  rate  must  be  ex- 
ceptionally low  or  the  steam  plant  should  rule  the 
favorite,  and  if  we  can  believe  all  we  hear  about  oil  en- 
gines there  would  be  no  chance  at  all  for  the  central 
station. 

The  "dense  smoke"  nuisance  in  New  York  City  again 
looms  ominous  on  the  horizon.  The  Appellate  Division 
of  the  Supreme  Court  directs  that  impending  cases  be 
investigated  and  proceeded  with.  It  was  only  last  sum- 
mer that  the  smoke  ordinance  was  declared  "unreason- 
able and  unconstitutional"  by  three  judges.  Some  day 
in  a  future  remote,  when  the  coal  supply  is  exhausted 
and  there  is  nothing  to  produce  smoke.  New  Yorkers  will 
create  an  excellent  smoke-inspection  department.  In  the 
meanwhile  bring  on  the  soft  coal ;  let  furnace  design  go 
where  it  will !  Let  judges  and  health  officers  wrangle  in 
the  ever  thickening  smudge.    We  should  worrv ! 


The  index  of  Power  for  the  second  half  for  1913, 
Volume  38,  will  be  ready  early  in  January,  and  will  be 
sent  without  charge  only  to  those  requesting  it. 
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Test  of  Expansion-Bolt  Shield 

Desiring  to  put  an  J -beam  trolley  under  tlie  power 
house  to  take  out  the  draft  tubes  on  the  exciter  units, 
and  as  the  roof  of  the  bays  was  30  in.  of  concrete,  five 
years  old  and  heavily  reinforced,  drilling  holes  for  six 
bolts  would  be  no  little  task.     Besides,  the  wheel  casings 
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How  THE  Bolt  Was  Inserted 

would  prevent  getting  bolts  at  the  ends  of  the  beam,  next 
the  tubes.  So  I  determined  to  test  a  %-in.  Star  double- 
expansion   shield  for  machine  bolts. 

I  used  a  block  of  concrete  24x24x12  in.  It  was  five 
years  old,  not  reinforced,  and  was  made  of  Ideal  cement, 
one  part  to  sLx  of  sand  and  gravel.  A  hole  was  drilled 
mto  the  block  8  in.  and  of  a  size  to  allow  the  shield  to 
slip  in,  care  being  taken  in  having  the  hole  round  and 
straight.  The  shield  was  placed  at  the  bottom  of  the 
hole,  and  a  piece  of  %-in.  pipe  just  long  enough  to  come 
flush  with  the  face  of  the  concrete  placed  on  top.  A  %- 
in.  I-bolt,  made  of  common  mild  steel  stock,  standard  ten 
V-thread,  with  a  shoulder  just  under  the  eye  and  a  washer 
on  this  shoulder,  was  screwed  into  the  shield;  the  washer 
pressed  against  the  end  of  the  pipe  and  the  face  of  the 
concrete,  and  the  bolt  was  forced  up  until  the  shield  had 
expanded. 

The  block  was  placed  on  a  scaffold,  and  a  platform 
suspended  to  the  I-bolt  by  means  of  chains.  The  plat- 
form W'as  loaded  with  pig  tin,  lead,  babbitt,  lava  rock  and 
heavy  scrap  iron  iintil  the  chain  gave  way,  a  link  being 
';lefective.    Weighing  the  load,  we  found  it  to  be  6181  lb. 


As  this  was  five  and  seven-eighths  times  the  weight  of 
the  tube  to  be  removed,  and  as  we  intended  to  use  six 
bolts  and  shields  to  carry  the  trolley,  we  deemed  the  test 
sufficient.  Examination  of  the  bolt  previous  to  loading  on 
the  last  400  or  500  lb.  before  the  chain  gave  way,  showed 
that  the  bolt  gave  no  sign  of  loosening.  After  the  load 
was  removed,  the  shield  was  taken  out.  It  showed  only 
a  slight  coutorsion  at  the  lower  or  threaded  end. 

I  think  power-house  men  will  find  these  expansion 
shields  very  useful  for  putting  up  small  trolleys,  I-bolts, 
or  mounting  brackets  on  the  wall,  anchoring  down  motors, 
etc.,  but  care  must  be  taken  not  to  drill  holes  too  large, 
and  to  have  them  round,  and  if  possible  twice  the  depth 
of  the  shield ;  and  a  piece  of  pipe  should  be  used  between 
the  shield  and  the  shoulder  on  the  bolt,  unless  the  shield 
comes  flush  with  the  face  of  the  concrete,  in  which  easfs 
the  end  of  the  shield  will  rest  against  the  shoulder. 

Ira  F.  Johnson. 

Minidoka,  Idaho. 

Valve-Spindle  Repair 

A  li/o-iii.  valve  in  one  of  the  departments  of  our  plant 
had  been  leaking  badly  for  some  time,  and  no  report  of 
it  made.  The  valve  was  sittiated  on  the  horizontal  with 
steam  on  top  of  the  brass  disk. 

One  morning  on  opening  the  valve,  steam  would  not 
flow  through.    After  investigating  I  found  that  the  brass 


Valve  and  Details  of  Stem 

disk  had  dropped  off  the  spindle  and  the  head  of  the 
spindle  was  worn  down  and  twisted  off  as  indicated  by 
the  arrows  in  Fig.  1. 

Exerting  too  great  a  pressure  on  the  handwheel  to 
bring  the  disk  tight  on  the  seat  to  prevent  it  from  leak- 
ing, resulted  in  this  trouble.  I  found  a  piece  of  plate 
brass  y$  in.  thick,  filed  it  round  as  possible,  then  drilled 
the  hole  in  the  center  and  countersunk  it  for  a  flat- 
headed  machine  screw.  The  spindle  was  then  placed  in 
the  lathe  and  %  in.  taken  off  the  end.    I  next  drilled  and 
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tajjped  a  hole  in  the  center  for  an  V32-thread  machine 
screw.  After  putting  the  piece  of  brass  plate  on  it  was 
as  shown  in  Fig.  2.  The  job  was  finished  in  about  ten 
minutes. 

Frederick  L.  John.son. 
I'aterson,  N.  J. 

Device  for  Removing  Pump- Valve  Seats 

The  device  shown  herewith  is  useful  and  saves  trouble 
in  removing  valve  seat.s  from  the  valve  plate  of  ]nnnps. 
M'iieu  it  is  desired  to  remove  a  seat  the  pull  bolt  is  placed 


Pump-Seat  Remover   in   Place 

in  [losition  with  the  head  ^4.  which  swivels,  under  the  seat. 
The  crab  B  which  holds  down  the  valve  cap  can  be  used 
as  a  bar  when  screwing  up  the  nut,  although  any  bar  with 
a  hole  in  the  center  will  answer  the  purpose.  The  nut  is 
screwed  down  on  the  pull  bolt  and  the  seat  will  readily 
come  out.    The  head  A  can  be  made  to  fit  any  size  seat. 

This  device  can  also  be  used  for  removing  water-cylin- 
der sleeve  by  making  the  head  D  larger  to  suit. 

W.  WOLFGAN'U. 

Toledo.  Ohio. 

Broken  Crank  Repaired  with  Wire 

The  valve-stem  crank  of  a  cold-brine  pump  broke 
through  the  crankpin  bore.  As  shown  the  casting  about 
the  upper  half  of  the  crankpin  fell  entirely  off.  It  broke 
about  11  o'clock  at  night,  and  as  there  was  no  machine 
.sh(ip  open  at  that  time  of  night,  it  was  necessary  to  make 


Wire   HoLnixo   Broken    Craxk 

a  quick  repair  to   hold   the   temperature   in  the   freezer 
rooms. 

Slots  A  and  B  were  filed  in  the  small  and  large  ends 
of  the  crank.  The  pin  was  placed  in  position,  the  broken 
pai't  placed  over  it  and  fine  steel  wire  was  then  wound 


around  the  crank  until  the  slots  were  filled.  Over  this 
fine  wire  one  round  of  large  copper  wire  was  placed  to 
hold  the  fine  wire  as  the  steel  wire  would  break  when 
attempting  to  tighten  by  twisting  it.  The  pump  has 
been  operating  for  several  days,  the  wire  remaining  in 
position. 

G.  A.  Robertson. 
Louisville,  Ky. 

Firebrick  Specifications 

The  following  firebrick  specifications  are  in  use  by  the 
writer  and  are  here  given  for  the  benefit  of  the  profession. 
I  trust  that  there  may  be  some  discussion  of  them,  a.s,  no 
doubt,  all  will  not  agree  with  the  methods  of  construction. 
Anyone  who  has  to  be  responsible  for  firebrick  construc- 
tion knows  what  a  task  it  is  to  get  good  brick  and  have 
iliem  laid  up  right: 

FiREHRiCK  WoPtK — All  firebrick  shall  be  protected  from 
moisture,  and  shall  be  dry  when  used.  Each  brick  shall 
be  dipped  in  a  thin  fine  clay  wash,  rubbed  and  shoved  in- 
to its  final  place,  and  then  tapped  with  a  wooden  mallet 
until  it  actually  touches  the  brick  below  it.  The  use 
of  clay  thick  enough  to  lay  with  a  trowel  will  not  be  per- 
mitted. 

The  walls  of  fire  and  red  brick  shall  be  carried  up  to- 
gether. Furnace  linings  shall  be  laid  four  courses  of 
headers  and  then  one  stretcher  backed  by  a  firebrick 
header.  Furnace  center  walls  shall  be  solid  firebrick. 
AValls  with  4%-in.  linings  or  all  red  brick  walls  shall  be 
laid  with  each  header  course  on  the  inside  of  the  wall  lap- 
ping over  a  header  course  in  the  center  of  the  wall,  which 
in  turn  laps  above  a  header  course  on  the  outside. 

Firebrick  Arches — If  fire  arches  are  called  for  by  the 
di-awings,  the  skewbacks  shall  be  laid  ofE  parallel  and  at 
the  «ame  height  with  a  straight-edge  as  long  as  the  arch. 
The  skew  shall  be  a  true  surface,  cut  only  on  the  ends  of 
the  brick.  There  shall  be  firelirick  back  to  the  buckstays 
on  single  settings,  and  entirely  through  the  center  wall 
on  battery  settings. 

Batten  strips  for  the  arch  centers  shall  not  be  more 
than  2  in.  wide.  Selected  brick  only,  smooth,  straight 
and  uniform,  shall  be  used  in  the  arches.  Brick  shall 
be  laid  dry  without  any  clay ;  and  shall  be  shoved  together 
close  and  tapped  with  a  wooden  mallet  on  the  flat  side 
only  of  the  brick.  They  shall  be  laid  in  courses  along 
the  arch  center,  beginning  at  the  rear  end  of  the  arch, 
not  in  rings,  and  with  every  joint  broken,  and  with  a 
bond  equal  to  one-half  of  the  brick.  The  first  course  shall 
start  at  the  skewback  on  each  side  with  a  standard  brick 
41/0  in.  wide ;  the  second  at  each  side  with  a  "flat  back" 
61/2  in.  wide ;  the  third  course  41/2  in.  and  so  on.  To 
finish  the  courses  at  the  front  wall,  a  "flat  back,"  cut  to 
suit  when  necessary,  shall  be  used.  Each  course  shall 
be  tried  in  place  dry,  and  shall  be  checked  with  a  straight- 
edge to  insure  all  the  brick  of  one  course  being  the  same 
thickness.  Bricks  not  of  even  thickness  must  be  cut  and 
rubbed.  A  course  of  wedges  shall  be  used  only  when  nec- 
essary to  keep  the  bottoms  of  the  straight  brick  in  even 
contact  with  the  arch  center.  If  the  use  of  wedges  does 
in  every  case  bring  a  straight  brick  to  an  even  bottom  the 
straight  l)rick  should  lean  away  from  the  center  of  the 
furnace  rather  than  toward  it.  A  trial  ring  shall  be  laid, 
when  about  two-thirds  of  the  arch  has  been  completed, 
to  determine  if  the  keying  course  will  fit.     If  cutting  is 
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necessary  to  fit  the  keying  course,  the  key  brick  shall 
not  be  cut,  but  instead,  the  two  adjacent  courses  on  the 
sida  of  the  brick  away  from  the  key.  The  keying  course 
shall  be  a  true  fit  frora  top  to  bottom,  of  such  thickness 
that  when  driven  it  sliall  not  be  below  the  surface  of  the 
arch,  and  shall  preferably  stand  about  i/4  i".  above  it.  The 
Ireys  should  drive  from  1  to  2i/2  in- 

After  fitting,  the  keys  shall  be  loosely  replaced,  and 
then  with  a  piece  of  wood,  at  least  2x4  in.,  extending  the 
lull  length  of  the  keying  course,  shall  be  driven  uniformly 
to  place  with  a  heavy  hammer,  used  along  tke  entire 
length  of  the  timber.  After  driving,  the  keys  shall  not 
show  any  crushing.  When  keyed  up  the  top  of  the  arch 
shall  be  thoroughly  washed  with  a  thin  fireclay  wash. 

Outers  shall  be  built  so  that  they  can  be  dropped  down 
free  of  the  arch  after  it  is  keyed,  and  removed  from  the 
setting  without  being  burned  out. 

Frkderick  L.  Ray. 

Louisville,  Ky. 

Cause  of  Flywheel  Explosions 

Sometime  ago  I  viewed  the  wreckage  of  a  burst  flywheel 
of  a  Corliss  engine.  The  engine,  doubtless,  ran  away, 
but  as  to  the  cau.se  there  was  a  difference  of  opinion. 

Evidently  the  start  of  the  wreck  was  in  the  bursting  of 
a  driven  pulley  that  was  either  too  light  for  the  work 
or  was  cracked,  when  a  sudden  load  was  thrown  on  it.. 
The  chief  engineer  claimed  a  piece  of  this  pulley  disabled 
the  governor,  which  allowed  the  engine  to  run  away,  thus 
bursting  the  flywheel,  but  the  only  damage  done  to  the 
governor  was  the  breaking  of  both  the  reach-rods  running 
to  the  cam  collars. 

The  cliief  engineer's  opinion  seemed  to  be  correct,  until 
hearing  the  story  of  the  engineer  immediately  in  charge 
of  the  engine  in  question. 

The  running  engineer  .said  he  was  about  50  ft.  from 
the  engine  when  he  heard  a  loud  report  and  saw  the  driven 
pulley  broken,  and  the  drive  belt  flopping.  He  ran  to 
the  engine,  which  by  this  time  was  going  so  fast  it  seemed 
to  him  impossible  for  the  valves  to  pick  up,  and  was  in 
the  act  of  closing  the  throttle  when  the  governor  rods, 
previously  mentioned,  flew  up  and  struck  him  in  the 
face.  The  bursting  of  the  wheel  following  in  quick  suc- 
cession, after  which  he  knew  nothing  until  restored  to  con- 
sciousness some  time  afterward. 

The  governor  was  all  right  when  he  got  to  the  engine, 
and  as  the  rods  were  the  only  parts  of  the  governor  dam- 
aged, it  seems  the  broken  pulley  did  not  interfere  with 
it  at  all.  This  placed  the  adjustments  of  the  governor 
in  a  bad  light,  which  subsequent  inspection  verified. 

The  knockofl!  cams  were  sheared  off  and  the  stop-collar, 
or  collar  that  limits  the  upward  travel  of  the  governor 
sleeve,  as  well  as  the  sleeve  also,  were  up  to  the  top  con- 
nections of  the  governor  arms.  The  piston  of  the  gag-pot 
was  lifted  out  of  the  cylinder.  The  breaking  of  the  gov- 
ernor rods  was  probably  caused  by  the  tail  of  the  hooks 
dropping  behind  the  square  end  of  the  cams  when  the  lat- 
ter was  thrown  too  far  around,  due  to  the  slipping  of  the 
stop  collar. 

That  being  the  ea.se,  there  would  evidently  be  a  mark 
across  the  tail  end  of  the  hook  caused  by  the  sharp  edge 
of  the  steel  cam,  the  hooks  lieiug  of  brass.  Inspection 
revealed  such  marks  on  each  hook,  and  on  laying  the  cam 
in  its  proper  place  and  bringing  the  hook  up  against  it, 


it  was  found  that  the  edge  of  the  cam  fitted  into  the  niaik 
exactly. 

Therefore  it  seems  that  the  cause  of  the  engine  running 
away  was  the  adjustment  of  this  collar.  It  was  either  set 
too  low,  or  if  set  in  the  correct  position  was  not  suffi- 
ciently tightened  to  prevent  slipping.  In  either  case  it 
does  not  seem  to  have  been  tight  enough  to  resist  the 
upward  pull  of  the  governor  sleeve. 

Suppose  it  is  set  too  low  and  the  engine  is  suddenly  re- 
lieved of  all  its  load.  The  engines  will  speed  up,  the  gov- 
ernor rising  to  the  collar,  the  steam  valves  still  opening  too 
wide,  the  engine  increases  in  speed,  placing  more  stress 
against  this  collar.  Just  before  the  speed  becomes  too 
great  for  the  wheel  to  withstand,  this  collar  slips,  the 
governor  moves  up  far  enough  to  roll  the  knockoff  cams 
past  the  tail  of  the  hooks.  The  latter,  on  their  return, 
Caleb  the  square  end  of  the  cams,  shearing  them  off,  break- 
ing the  governor  rods  at  the  same  time  and  augmenting 
the  upward  movement  of  the  governor  sleeve,  thus  push- 
ing the  sleeve  and  collar  up  to  where  they  were  found 
and  the  piston  of  the  gag-pot  clear  of  the  cylinder. 

Suppose  this  collar  is  set  in  the  correct  position,  but 
not  properly  secured.  It  might  have  been  possible  for 
the  engine  to  have  speeded  up  sufficiently  to  have  thrown 
the  governor  sleeve  against  this  collar  about  the  time  the 
engineer  arrived,  and  slipped  it  far  enough  to  allow  the 
hooks  to  catch  the  cams  as  stated.  In  this  condition  the 
engine  would  probably  require  only  a  stroke  or  two  with 
steam  following  the  length  of  the  cylinder,  to  reach  the 
bursting  point  of  the  flywheel. 

It  was  suggested  by  a  few  that  the  cams  could  not  be 
thrown  clear  under  the  hooks  as  stated,  but  on  testing  it. 
on  a  duplicate  engine  of  the  one  wrecked  it  was  found 
that  it  could  be  accomplished. 

It  seems  to  many  that  the  wrong  adjustment  of  this 
collar  was  the  cause  of  the  wreck.  Of  course,  the  real 
starting  of  it  was  through  the  breaking  of  the  driven 
pulley. 

It  is  well  to  test  the  adjustment  of  this  collar  from 
time  to  time  for  it  may  be  needed  only  once  in  the  life 
of  the  engine,  but  it  will  be  fraught  with  constant  dan- 
ger if  allowed  to  become  other  than  correctly  adjusted. 
Changing  the  reach-rods  of  a  governor  from  time  to  time 
will  necessitate  the  readjustment  of  this  collar.  A  knock  • 
off  cam  should  be  made  longer  or  tapered  at  both  ends. 
Either  will  prevent  the  hook  catching  when  the  cams 
are  rolled  too  far  under. 

Joseph  Stewart. 

Hamilton,  Ohio. 

Priming  a  Condenser-Circulating  Pump 

In  a  certain  plant  with  which  the  writer  is  acquainted, 
much  difficulty  was  experienced  with  priming  the  cir- 
culating pumps  of  a  condenser.  These  pumps  were  ar- 
ranged to  draw  water  from  two  sources;  one  feed  was 
from  a  head  race  and  the  water  was  supplied  to  the 
pumps  under  a  head  of  10  ft.  At  times  this  supply  source 
could  not  be  depended  on,  due  to  the  clogging  of  the 
trash  racks  over  the  intake  pipe,  with  leaves  and  ice.  At 
times  also  during  repairs  to  the  race,  this  supply  was  cut 
off  entirely.  When  this  happened  the  other  connection, 
drawing  water  from  the  river,  under  a  suction  lift  of 
about  5  or  6  ft.,  was  used.  Great  difficulty  was  experi- 
enced in  getting  the  pump  to  lift  the  water,  because  of 
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ih'j  lack  of  means  for  priming.  It  was  thought  that  suffi- 
4.ieut  water  could  always  be  obtained  from  the  race  for 
tills  purpose,  which,  however,  proved  untrue. 

A  quick  means  for  accomplishing  this  priming  was  nec- 
essary as  the  condenser  depended  upon  these  pumps  and 
the  loss  of  vacuum  attending  would  cause  a  serious  shut- 
down. The  following  plan  was  suggested  to  my  mind  by 
the  proximity  of  the  dry-vacuum  pumps  which  were  a 
part  of  the  condenser  equipment.  A  three-quarter  hole 
was  drilled  and  tapped  in  the  intake  pipe  of  the  air  pump 
at  its  highest  ])oint,  and  in  the  casing  of  the  centrifugal 
pump.  These  two  holes  were  connected  by  means  of  a 
pi]ie,  with  a  valve  inserted  in  it,  near  the  circulating 
pump.  The  air  in  the  suction  line  could  then  be  ex- 
hausted by  means  of  the  vacuum  pump  and  the  water 
would  rise  in  the  pipe,  due  to  the  atmospheric  pressure, 
allowing  the  pump  to  readily  pick  up  its  water.  The 
valve  would  then  be  closed,  preventing  any  water  from 
being  drawn  over  into  the  air  pump. 

This  plan  was  not  put  into  effect,  to  the  writer's  knowl- 
edge, only  suggested  by  him  as  a  way  out  of  a  difficulty. 

James  M.  Pubcell. 

Richmond,  Va. 

Lubricating  Links  of  Duplex  Pumps 

The  links  as  made  by  the  manufacturer  were  as  shown 
at  the  left  of  the  illustration.  Difficulty  was  experienced 
in  lubricating  these  links  and  pins  to  prevent  them  wear- 

Grease  Cup  I 


Gkease  Cup  to  Luuhicatk  Pump  Links 

ing  rapidly.  New  links  and  pins  were  finally  obtained, 
the  pins  being  made  as  shown  at  the  right.  By  using 
grease  cups  the  lubrication  is  better  and  the  pins  last 
much  longer  than  formerly. 

A.  E.  KUMMERER. 

Hazleton,  Penu. 

Your  Son's  Vocation 

The  editorial,  "Your  Sou's  Vocation,"  in  the  Oct.  28 
issue,  brings  up  a  subject  uppermost  in  the  minds  of  men 
who  have  the  welfare  of  their  children  at  heart. 

As  a  general  rule,  most  boys  show  more  interest  in 
things  mechanical  than  in  any  others.  This-  is  before 
they  are  old  enough  to  think  seriously  about  the  vocation 
for  which  they  are  best  fitted.  By  the  time  the  boy  has 
[jone  through  common  school,  and  in  many  cases  before 
that,  it  is  usually  jMssible  to  determine  in  which  direction 
liis  ambition  lies  and  in  what  line  of  work  he  is  most 
likely  to  succeed.  If  his  bent  is  mechanical  and  he  is 
?ure  that  nothing  but  an  engineer's  life  will  suit  him,  by 
no  means  should  he  be  denied  an  opportunity  to  make 
2:ood.  But  he  should  be  given  at  least  a  technical  high- 
school  education  and  if  possible  more  than  that.  He 
should  not  be  handicapped  by  having  to  start  to  work 
n'ith  no  theoretical  training.  It  is  true  that  there  ara 
men  holding  responsible  and  well  paid  positions  in  the 
engineering  field  who,  in  their  youth,  did  not  have  any- 
thing more  than  the  "three  E's,"  .l)ut  their  rise  has  been 
in  spite  of  their  lack  of  early  training  and  not  because 


of  it.  It  is  possible  to  obtain,  by  home  study,  the  equiva- 
lent of  a  college  course  in  engineering,  but  it  is  mighty 
hard  work  and  every  man  who  tries  it  will  have  to  admit 
that  the  proper  place  to  acquire  such  an  education  is  in 
the  classroom,  and  the  proper  time  is  before  one  has  to 
go  to  work  to  earn  his  own  bread  and  butter. 

Whether  or  not  it  is  wise  to  keep  a  line  of  descent  in 
one  line  of  work  is  a  question  that  the  writer  believes  can 
be  left  to  nature.  If  a  youth  shows  an  inclination  to 
follow  any  one  line  of  employment,  let  him  proceed. 
Nature  fitted  him  for  it  and  it  would  not  be  right  to  deny 
him  the  right  to  profit  by  his  natural  ability  for  his 
chosen  work. 

A.  T.  Walker. 

Washington,  D.  C. 

Maltreatment  of  Apparatus 

As  an  example  of  the  maltreatment  of  apparatus  by 
careless  employees,  I  would  like  to  cite  an  example  of  a 
turbine-driven  feed  pump,  which  had  been  returned  to  the 
concern  where  I  am  employed  as  testing  engineer,  for 
failure  to  attain  rated  conditions  after  two  years  of  per- 
fect service. 

The  unit  was  set  up  preparatory  to  testing  and  had  been 
running  about  10  min.,  when  it  suddenly  slowed  down. 
Examination  showed  that  the  pump  bearings  were  run- 
ning  hot,  so  we  shut  down  and  dissembled  the  pump.  In 
the  forward  bearing  of  the  pump  we  found  that  the  oil- 
ring  had  been  substituted  for  by  a  piece  of  twine,  which 
was  useless  for  its  purpose. 

The  adjusting  screw  in  the  thrust  bearing  had  been 
screwed  up  so  far  that  the  impellers  were  thrown  out  of 
Hue,  and  the  shaft  collars  had  by  their  excessive  pressure 
against  the  thrust  block,  broken  off  several  of  the  rings 
in  the  split  thrust  bush.  Furthermore,  we  discovered  a 
couple  of  nuts  in  the  imj^ellers.  How  they  got  there  I 
cannot  imagine,  and  their  effect  upon  the  capacity  of 
the  pump  I  will  not  attempt  to  describe. 

Is  it  any  wonder  that  the  outfit  failed  to  come  up  to  its 
gTiaranteed  conditions?  Subsequent  remedying  of  the 
above  defects  proved  that  the  outfit  was  fully  capable  of 
attaining  its  designed  conditions. 

This  is  only  one  case  out  of  many  of  the  attempts  on 
the  parts  of  plant  owners  to  economize  in  the  wrong  di- 
rection by  the  use  of  cheap  and  unskilled  labor,  and  as 
usual  the  result  is  always  the  same.  The  above  outfit 
had  been  shipped  from  the  Pacific  Coast  to  the  East,  and 
this  would  have  been  unnecessary  if  ordinary  judgment 
had  been  iised  on  the  parts  of  those  in  charge. 

Henry  W.  Wetjen. 

Xewburgh,  N.  Y. 

Painted  Valve  Stems  Indicate  Valve 
Positions 

I  find  it  very  troublesome  to  climb  up  ladders  and 
over  brick  walls  to  find  out  if  certain  valves  are  open 
or  closed.  I  closed  the  valves  and  then  painted  the 
stems  down  to  the  packing  gland.  Now  I  can  tell  whether 
a  certain  valve  is  open  or  closed  by  merely  glancing  at  it. 

Cylinder  oil  and  melted  paraffin  make  a  fine  remedy 
for  burns  from  live  steam. 

Stanley  Eadcliffe. 

Laurel,  Md. 
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Pump  Capacity — Will  air  chambers  installed  in  both  the 
:tion  to  and   discharge   from  a   pump   increase   its  capacity? 

J.  W.   D. 

yes;  they  will  reduce  pump-piston  slippage  and  thereby 
irease  the  capacity  of  a  pump. 


Resistance  of  Mercury  Column — "What  is  the  resistance  in 
ms  of  a  round  column  of  mercury  70  in.  high,  0.05  in.  in 
.meter? 

C.    "W. 
1.3226381    ohms. 


Compensator — What  is  a  compensator? 

V.   A.   N. 
"Compensator"  is  the  term  applied  to  an  auto-transformer 
starting  an  electric  motor.     A  description  of  one  is  given 
the   electrical  department   of   the   Dec.   2   issue   of   "Power," 
3er  the  subject  of  "Induction  Motors." 


Relative  Current  Consumption — Will  a  50-hp.  induction 
tor  pulling  a  30-hp.  load  consume  more  current  than  a 
hp.   motor   carrying   the    same    load? 

E.  M. 
Yes,  because  an  induction  motor  has  a  lower  power   factor 
en  running  underloaded. 


Safety  Valve  Sizes — For  a  given  size  boiler  why  should  a 
er  safety  valve  be  required  to  have  a  larger  area  than  a 
ing-loaded  valve? 

J.    W.    D. 
Pop     safety    valves     of     ordinary     good    ■cons'truction     are 
impter    by   reason    of    having    less    friction    of    moving   parts 
1  are  made  to   lift   higher  and   hence  may   be   smaller   than 
er  safety  valves. 


Refrigeration  Loss — What  will  be  the  loss  in  horsepower- 
irs  in  a  brine  tank  containing  15,000  gal.  of  a  20  per  cent, 
ution    of   brine,    tor   a  1-deg.    F.    rise    in   temperature? 

A.    A.    R. 
The  brine  will  have  a  specific  gravity  of  1.18  at  62  deg.   F. 
e  heat   required   to   raise  or  lower  1   lb.   of  such  a  solution 
eg.  would  be  0.834  B.t.u.     As   1   gal.   would  weigh 

SJ    X    1.18    =    9.833    11}.^ 
n  15,000  gal.  would  weigh  -. 

15,000     X     9.833    =     147,495    lb.," 
uiring 

147,495    X    0.834    =    123,010.83   B.t.u. 
raising    it    1    deg.    F.      There    being    2546    B.t.u.    per    horse- 
ver  per  hour   then   warming   or   cooling  of  this  quantity   of 
ter  1  deg.  F.  per  hour  would  be  at  the  rate  of 
123,010.83   -^   2546   =   48.31  net  hp. 


Modifieil  Furnace  Design — Would  it  be  practicable  to  install 
eavy  cast-steel  hollow  arch  in  a  Dutch  oven  and  force  the 
ter  from  the  heater  at  about  212  deg.  through  this  arch  to 
boiler  to  increase  the  life  of  the  arches  at  present  so  fre- 
intly    destroyed    by    the    intense    heat? 

W.  C.  C. 
The  advantage  of  a  Dutch-oven  furnace  arises  from  the 
t  that  the  roof  and  furnace  lining  are  at  high  temperature 
1  do  not  retard  complete  combustion  like  the  colder  heat- 
surface  of  a  boiler.  To  form  the  roof  of  water  arches 
ild  have  the  same  detrimental  effect  as  to  extend  the  heat- 
surface  of  the  boiler  over  the  fire,  i.e.,  there  would  be 
advantage  over  an  ordinary  boiler  setting  with  the  boiler 
the  same  distance  above  the  fire.  Such  a  "water-arch  cov- 
ig  would  be  not  only  detrimental  to  the  efficiency  of  com- 
tion,  but  also  would  be  in  danger  of  burning  out  or  explod- 
from  the  formation  of  mud  or  scale  deposits. 


Clearance — How  is  the  clearance  space  of  an  engine  found; 
)  the  striking  clearance? 

M.  W.  C. 
e  volume  of  clearance  space  in  each  end  of  an  engine 
nder  is  determined  by  placing  the  piston  at  the  end  of  the 
)ke  and  noting  how  much  water  is  required  to  fill  the 
trance  spaces  from  the  piston  back  to  the  steam  valve.  If 
water  is  measured  by  weight  instead  of  volume  the  equiv- 


alent volume  can  be  found  by  multiplying  the  weight  of  water 
in  pounds  by  27.77;  the  quotient  will  be  the  number  of  cubic 
inches  of  clearance  space.  To  find  the  percent,  of  clearance, 
first  find  the  displacement  volume  of  the  piston  by  multiply- 
ing its  area  in  square  inches  by  its  stroke  in  inches  and 
divide  the  clearance  volume  by  the  displacement  volume.  To 
find  the  striking  clearance  of  the  piston,  place  the  engine  on 
dead  center;  then  make  a  mark  on  the  crosshead  and  guides, 
one  registering  with  the  other;  detach  the  connecting  rod  and 
see  how  much  farther  the  crosshead  can  be  moved  before  the 
piston  touches  the  head  of  the  cylinder. 


Freezing  Air-Drill  Exhaust — What  makes  the  exhaust  from 
an  air  drill  freeze  and  how  can  it  be  prevented? 

J.    R.    T. 

The  exhaust  freezes  because  when  the  air  is  first  taken  in 
by  the  compressor  it  contains  moisture.  When  the  air  is 
compressed  its  temperature  rises  both  because  the  heat  con- 
tained is  concentrated  into  a  smaller  space  and  because  the 
work  of  compression  is  stored  up  in  the  air.  When  compressed 
to  a  temperature  above  the  temperature  of  the  atmosphere, 
it  cools  down,  losing  some  of  its  heat.  Consequently,  when 
expanded  down  again,  its  temperature  falls  and  any  moisture 
contained  in  the  air  freezes  and  may  clog  the  drill,  or  the 
air  itself,  being  cooler  than  the  atmosphere,  may  freeze  the 
moisture  of  the  atmosphere  into  which  it  is  exhausted.  Freez- 
ing up  of  rock  drills  can  be  prevented  by  taking  in  dry  air 
to  the  compressor,  or  by  using  a  reheater  which  usually  con- 
sists of  a  "sugar  loaf"  type  of  stove  in  which  the  air  is  re- 
heated by  being  passed  through  a  pipe  coil  surrounding  the 
fire  pot  of  the  stove.  The  reheater  should,  of  course,  be 
placed    near    the    drills. 


Peculiar  Gage  Action — In  the  morning  two  "gages"  of  water 
are  found  in  the  glass.  After  a  few  minutes  the  water  has 
gone  up  in  the  glass,  although  no  water  is  being  fed.  When 
the  gage  cocks  are  opened  they  blow  dry  steam.  What  is 
probably  the   trouble? 

H.  E. 

A  full  water  gage  may  be  shown  at  any  time  when  the 
boiler  is  under  a  few  pounds  of  steam  pressure  and  the  upper 
gage-glass  connection  is  closed  deliberately  or  accidentally 
stopped.  In  this  case  the  upper  connection  was  probably 
closed,  and  the  pressure  had  gone  down  in  the  boiler  during 
the  night  so  that  there  was  not  sufficient  acting  in  the  lower 
end  of  the  glass  gage  to  hold  the  water  in  the  glass  higher 
than  the  level  at  which  it  was  found;  there  being  a  partial 
vacuum  in  the  upper  end  of  the  glass  gage,  the  water  stood 
higher  than  the  level  of  water  in  the  boiler.  After  getting  up 
a  little  steam  pressure  the  pressure  of  steam  on  the  water  in 
the  boiler  forced  the  water  to  the  top  of  the  glass  gage, 
although  during  the  whole  time  the  actual  level  of  water  in 
the  boiler   was  lower  ^than  shown  by  the  glass  gage. 


Boiler-fi^vaporation  Problem — A  boiler  generates  steam  at 
105-lb.  gage  pressure.  The  feed-water  temperature  is  203 
deg.  F. ;  the  efficiency  of  the  furnace  and  boiler  is  70  per  cent., 
and  the  coal  contains  14,000  B.t.u.  per  lb.  Hovy  many  pounds 
of  water  will  the  boiler  evaporate  per  pound   of  coal? 

J.    P.    L. 
Steam  at   105-lb.   gage  pressure   would   be  at 

105  -t-  14.7  =  119.7  lb.  absolute  pressure, 
containing  practically  the  same  heat  as  at  120  lb.  absolute. 
The  total  heat  above  32  deg.  F.,  as  obtained  from  Marks  and 
Davis'  steam  tables,  is  11S9.6  B.t.u.  per  lb.  (weight).  The 
initial  feed-water  temperature  being  203  deg.  P.,  each  pound 
already   contains 

203   —   32    =:    171    B.t.u. 
Each  pound   of  water  made   into  steam,   therefore,    requires 
1189.6  —  171  =  1018.6    B.t.u. 
A  pound  of  coal  containing  14,000  B.t.u.  with  a  70  per  cent, 
efficiency   of  furnace   and  boiler   would   impart 

0.70    X    14,000    =    9800  B.t.u. 
to  the  water.     Therefore,   each   pound   of  coal  could   evaporate 


800 


9. 62  lb.  of  water 


1018.6 
into  dry,  saturated  steam  at  105  lb.  gage  pressur 
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ENGINEERS'     STUDY    COURSE  I 


Trigonometry — I V 


Last  Lesson's  Answers 

11.  The  tangent  and  cotangent  of  the  same  angle  be- 
ing reciprocals  (last  rule  in  the  last  lesson)  if  tan  A  =  3, 
cot  A  =  %. 

12.  Given  tail  A  =  *.  The  tangent  and  cotangent  be- 
ing reciprocals  cot  A  =  -f .  Substituting  in  equation  7 
(last  lesson), 

,ec^  A  =  1  +  ay  =  I  +  U  =  ii 
11  nd 

VTl 
5 

The  secant  and  cosine  being  reciprocals 
5 

Vlii 


^4  =  V  li 


cos  A 

Substituting  in  equation  1 
sin''  A  + 


A  =  1 


=  1 


=  1  -  M  =  il 


and 


sin  A   =  V  1?  =-;== 
V  41 

Tlie  cosecant  and  sine  being  reciprocals 
CSC  A  =J^ 


Substituting   in   equation   9 

vers   A    =1  — 
Sul)stituting  in  equation  10 
covers  A 


1  — 


V  41 

4 
V^ 


13.  Draw  an  angle  of  30  deg.  as  BAC,  Fig.  5,  with 
AB  equal  to  1  (any  uuif),  and  AC  a  horizontal  line.  Be- 
low this  horizontal  line  draw  another  angle  of  30  deg., 
VAD.  These  angles  being  equal  their  cosines  are  equal 
and  in  fact  coincide  as  represented  by  the  line  AE.  There- 
fore, the  sines  BE  and  ED  of  the  two  30-deg.  angles  will 
be  continuations  of  one  another,  and  equal  because  they 
are  the  sines  of  equal  angles.  Being  equal,  the  angles  of 
which  they  are  cosines,  ABE  and  ADE,  are  equal,  as  is 
also  known  from  the  fact  that  they  are  both  complements 
of  30-deg.  angles  and  hence  60  deg.  (90  —  30  =  60). 
There  is  now  constructed  an  equiangular  triangle  (one  in 
which  all  of  the  angles  are  equal)  ABDA.  Now,  if  a  line 
be  drawn  from  B  to  the  opposite  side  .47.*  and  at  right 
angles  to  it,  as  BF  (this  is  called  dropping  a  perpendicu- 
lar to  AD)  it  will  divide  the  triangle  ABDA  into  two 
right  triangles  ABFA  and  BDFB.  and  angles  BAF  and 
BDF  being  angles  of  60  deg.,  angles  ABF  and  DBF  be 
angles  of  30  deg.,  showing  that  the  perpendicular  bisected 
(divided  in  two  equal   parts)    the  angle  ABD,  already 


shown  to  be  one  of  60  deg.  These  angles  being  equal, 
their  sines,  AF  and  FD  are  equal,  hence  bisect  the  line 
AD,  which  by  construction  was  equal  to  1.  Hence  it  is 
proved  that  sin  30  deg.  =  V^.  Incidentally,  BE  and  ED, 
each  being  a  sine  of  30  deg.  and  therefore  equal  to  y<i,  it 
proves  that  the  chord  of  an  angle  (or  arc)  of  60  deg.  is 
equal  to  1,  for  such  is  BD.  Another  truth  established  is 
that  the  sides  of  an  equiangular  triangle  are  equal,  and 
therefore  such  a  triangle  is  also  known  as  an  equilateral 
triangle. 

14.     The  sine  of  30  deg.  being  V2>  by  equation  1 

VI 


COS  30°  =  V  1  —  {h)-  =  V  1  — i  ^ 

and,  being  the  reciprocal  of  the  cosine, 

2 


Vi  = 


:>(i°  = 


V3 


l{y  equation  2 

tan  30°   = 

-   V-3  "  ^  ""  V13  - 
2 

1 

V^ 

and,  being  the  reciprocal  of  the  tangent, 
cot  30°  =  V"3 


Fig.  5 

Being  the  reciprocal  of  the  sine 

CSC  30"   =  2 
By  equation  9 

(if;;-,s"  30°    =    1 

By  equation  10 

covers  30°  =  1  —  1/2  =  1/2 
15.     The  sine  of  an  angle  being  the- cosine  of  its  com- 
plement and  45  deg.  being  the  complement  of  45  deg.,  the 


11 
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sine  iiml  cosine  of  45  deg.  are  equal.     In  equation  1,  sub- 
stiluting  CO*'-  for  siir. 

2  sin"  45°   =  1 
or 

sin-  45°  =  1/^ 
or 

I  sin  45°  =  V  I  =  -7^  =  also  cos  45° 

V  2 
Being  Ihe  reciprocal  of  the  cosine, 

sec  45°  =  ^J~Z 
Being  the  reciprocal  of  the  sine, 

CSC  45°  =  V  3 
By  equation  3 

1 

ian  45     =  — j—  =  1 

Beijig  the  reciprocal  of  the  tangent, 
cot  45°  =  1 
By  e(|uation  9 


vers  45°  =1  — 


By  equation  10 


covers  45°   =  1 


V2 


V^ 


Functions  of  the  Suai  and  Difference  of  Angles 

Designating  any  two  angles  by  A  and  B,  the  functions 
of  their  sums  and  differences  may  be  deduced.  Taking, 
as  the  first  proposition  to  prove  that  the  sine  of  the  sum 
of  two  angles  is  equal  to  the  sine  of  the  first  times  the 
cosine  of  the  second,  plus  the  cosine  of  the  first  times  the 
sine  of  the  second. 

Referring  to  Fig.  6,  let  angles  CAB  and  BAD  represent 
any  two  angles  A  and  B,  respectively  laid  off  with  a  meas- 
uring circle  CBD  of  unit  radius.  BE  and  DF  represent 
then  the  sines  of  the  two  angles  separately  and  DI  tlie 
sine  of  the  sum  of  the  two  angles.  By  the  proportionality 
of  the  sides  of  similar  triangles  (Lesson  I,  Nov.  85,  1913) 
FG  _  AF 
^E~  AB 
BE  X  AF  .    sin  A  cos  B 


FG  = 


f  ^" ~        AB  1 

Also  triangle  DFHD  is  similar  to  triangle  ABEA  (be- 
cause each  side  of  the  one  is  perpendicular  to  the  corre- 
sponding side  of  the  other)  and 

im    DF 

'AE~  AB 
AEXDF      cos  A  sin  B 


DH  = 


Sine 


AB 

HI  =  FG 

DI  =  FG  -\-  DH 


sin  {A  -\-  B)  =  sin  A  cos  B  -f-  cos  A  sin  B         (11) 

To  show  that  the  sine  of  the  difference  of  tiuo  angles 

is  equal  to  the  sine  of  the  first  limes  ihe  cosine  of  the 

second,  minus  the  cosine  of  the  first  times  the  sine  of  the 

second. 

Let  the  angle  A  now  be  represented  by  the  angle  OAD, 


Fig.  6,  and  the  angle  B  by  CAB.    Again,  by  similar  tri- 
angles. 

JDH  _  BF 

~AE~  Ali 

DH  =  A^J<Jlf  ^  ro.s-  B  sin  (A  —  B) 
AB         ~  1 


and 


but 

or,  since 


FG  = 


Fig.  6 


FG  _AG 
BE      AE 
BEX  AG       sinBxAG 


AE  ct 

AG  =  AI  +  IG 


B 


IG  =  HF 
AG  =  Al  +  HF  =  cos  A  +  HF 
Again,  by  similar  triangles 

II F  _  DF 

He  ~  Tb 

„     ^  BE  X  DF  _  sin  B  sin  {A  —  B) 
AB  i  • 

Substituting  in  the  equation  for  AG 

AG  =  cos  A  -{-  sin  B  sin  {A  —  B) 
and  substituting  this  value  for  AG  m  the  equation  for  FG 
p^  ^  sin  B  [cos  A  -f  sin  B  sin  {A  —  B)] 
cos  B 
_  sin  B  cos  A  +  sin'^  B  sin  {A  —  B) 
cos  B 
Now 

DH  =  T'J  —  HI 
or,  since 

///  =  FG 
DH  =  /;/  —  FG  =  sin  A  —  FG 
Substituting  the  values  already  found  for  DH  and  FG 
cos  B  sin  (A  —  B)  =  sin  A 
sin  B  cos  A  +  sin-  H  sin  (.1  —  B) 
cos  'B 
Multiplying  both  sides  of  the  equation  by  cos  B 
COS'  B  sin   (A  —  B)  =  sin  A  cos  B  —  sin  B  cos  A  — 

.sin-  B  sin  (A  —  B) 
Transferring  the  last  temi  to  the  other  side  of  the  equa- 
tion to  collect  like  terms 

COS'  B  sin  (A  —  B)  4-  sin-  B  sin  (A  —  B)  = 
sin  A  cos  B  —  sin  B  cos  A 
and  simplifying 

[cos"-  B  +  sin-  B\  sin  (A  ~  B)  =  sin  A  cos  B  — 
cos  A  sin  B 
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cos^  B  +  siv?  5  =  1 
sin  {A  —  B)  ^  sin  A  cos  B  —  cos  A  sin  B         (12) 

Stddy  Questions 

16.  Given  sin  30°  =  ^,  and  sin  45°  =  V  §,  find 
^in   75°. 

1  7.     (liven  the  same,  find  sin  15°. 

18.  Deduce  an  expression  for  the  sine  of  tlie  sum  of 
two  angles  plus  the  sine  of  their  difference. 

19.  Show  that  the  cosine  of  the  sum  of  two  angles  is 
equal  to  the  product  of  their  cosines  minus  the  product 
of  their  sines. 

20.  Show  that  the  cosine  of  the  difference  of  tiro 
angles  is  equal  to  the  product  of  their  cosines  plus  the 
product  of  their  sines. 


Fig.  2. 


Specimen  Charts  Showing  Poor  and  Good 
Operation 


Blonck  Boiler-Efficiency  Recording 
Meter 

The  accompanying  illustrations  show  the  newly  de- 
veloped recording  type  of  Blonck  boiler-ethcieucy  meter, 
manufactured  by  W.  A.  Blonck  &  Co.,  Fisher  Bldg.,  Chi- 
cago, 111.  As  in  the  indicating  type,  the  recorder  shows 
the  draft  resistance  of  the  fuel  bed  and  the  drop  in  draft 
between  furnace  and  damper.  The  two  records  are  made 
on  the  same  chart  and  for  clearness  one  is  registered  in 
red,  and  the  other  in  blue  ink. 

The  recorder  is  to  be  used  in  conjunction  with  the  in- 
dicating meter,  the  former  located  where  the  chief  en- 
gineer or  superintendent  may  have  ready  access  to  it 
and  the  latter  on  the  boiler  front  for  the  guidance  of  the 
fireman. 


Fig.  1.   Blonck  Boileu-Efficienct  Eecording  Meter 


The  charts  in  Fig.  2  show  conditions  before  and  after 
the  Blonck  indicating  meter  was  applied  and  its  use  ex- 
plained to  the  fireman.  The  boiler  affected  is  a  500-hp. 
horizontal  water-tube  unit  fitted  with  a  traveling  chain 
grate.  The  total  available  draft  is  somewhat  more  than 
0.8  in.,  water  gage,  and  investigation  «bowed  that  for 
highest  efficiency  under  normal  conditions  of  lor-d  the 
draft  through  the  fuel  bed  should  be  0.3  in.  and  that 
through  the  boiler,  0.5  in. 

On  the  upper  chart,  taken  before  the  fireman  was  in- 
structed, the  draft  distribution  is  irregular,  extreme  varia- 
tions occurring  within  short  periods.  The  draft  through 
the  fuel  bed  varied  from  the  maximum  of  0.5  in.  near  2 
a.m.  to  the  minimum  of  0.18  in.  at  2  p.m.  Tfith  the 
damper  position  unchanged  a  decrease  in  the  draft  through 
the  fuel  bed  results  in  admission  of  excess  air  and  re- 
sultant waste.  Excess  air  means  a  greater  volume  of 
gases  flowing  through  the  boiler  per  unit  of  time  and, 
hence,  an  increase  in  the  draft  between  furnace  and 
damper.  These  facts  account  for  the  behavior  of  the  two 
record  lines  of  the  charts  at  the  points  where  they  are 
converging  or  diverging. 

During  the  periods  (exceedingly  brief  on  the  upper 
chart  "I  when  the  lines  run  practically  parallel,  as  at  9 
a.m.,  the  conditions  remain  uniform.  "When  the  record 
shows  a  decrease  in  both  the  draft  through  the  fuel  bed 
and  that  through  boiler,  the  indications  are  a  decrease  in 
the  rate  of  combustion  (hence,  decrease  in  steam  output 
also)  and  no  change  in  efficiency.  When  increase  in  both 
furnace  and  boiler  draft  is  shown,  the  indications  are  in- 
crease in  rate  of  steaming  and  no  change  in  efficiency. 

Other  things  remaining  the  same,  the  rate  of  steaming 
or  boiler  capacity  developed  and  the  efficiency  of  the  boiler 
depends  solely  upon  the  available  draft  and  the  distribu- 
tion of  that  draft.  This  being  true,  it  is  possible  to  study 
a  given  set  of  boiler  conditions  so  thoroughly  that,  with 
the  Blonck  meter,  practically  all  changes  that  occur  to  af- 
fect the  two  factors  of  capacity  and  efficiency,  can  be  in- 
stantly detected.  Indeed,  so  absolute  is  the  relation  be- 
tween draft  and  capacity  and  efficiency,  that  even  fallen 
baffles  and  soot  or  slag  accumulations  on  the  tubes  may 
be  discovered  throiisrh  their  effect  on  draft  distribution. 


The  total  horsepower  of  turbines  now  instaUed  or  on  order 
with  the  Parsons  Marine  Steam  Turbine  Co.  exceeds  10.000.- 
000.  of  which  2.100,000  hp.  has  been  ordered  within  the  past 
year. 
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Steam-Driven  Hydraulic  Pump 

The  illustration  shows  one  of  a,  new  line  of  steam- 
driven  hydraulic  pumps  built  l)y  the  Hydraulic  Press 
Manufacturing  Co.,  Mount  Gilead,  Ohio.  Based  on  the 
steam-end  dimension  the  line  covers  13  sizes,  and  on  the 
water-end  dimension  71  sizes.  This  pump  is  of  the 
single-cylinder,  double-acting  type. 

The  stroke  is  longer  than  has  been  provided  by  pre- 
vious designs.  The  number  of  strokes  is  proportionately 
less.  This  reduces  the  slippage  at  the  water  valves  as 
well  as  the  wear  on  all  moving  parts.  Another  advantage 
is  that  a  given  steam  piston  can  be  used  with  various 
sizes  of  water  plungers  to  give  capacities  desired,  or  the 
steam  pressure  may  be  reduced  to  obtain  a  given  water 
pressure. 

The  design  of  valves  and  gears  prohibits  the  short 
stroking  of  the  pump.  The  steam  valve-gear  permits 
adjustment  to  be  made  while  the  pump  is  in  motion.  The 
cushioning  of  moving  parts  is  positive  and  does  not  re- 
quire adjustment.    Steel  forgings  are  used  for  all  water 


OVER  THE  SPILLWAY 

JUST      JESTS,      J  A  ]!  S,      J  O  S  H  E  .S      AND     J  U  M  B  L  IC  .S 

"Safety  first!"  is  buUy.  but  it's  a  big  financial  undertalving 
for  the  railroads  alone.  For  two  moves  in  tliis  direction  it 
w  ill  require  nearly  a  billion  of  dollars — $700,000,000  to  replace 
■H-ooden  cars  with  steel;  .$300,000,000  for  suitable  signal  ser- 
vices. This  does  not  include  better  track,  bridges,  stations, 
grading,    etc. 

"Are  factory  whistles  necessary?"  is  being  discussed  by 
a  contemporary.  Factory  whistles  have  very  little  to  blow 
about  these  days  what  with  the  "Big  Boob"  and  the  "In- 
somnia" clocks,  and  other  contraptions  that  rob  us  of  our 
early-morning  rest.  The  time-clock  is  the  merry  little  chirper 
for  starting-time  with  the  majoi-ity  of  us.  and  most  any  simp 
knows  when  to   stop. 


The  first  elevator  installed,  in  a  New  York  office  building 
was  in  the  old  Equitable,  in  1870.  On  this  same  site  today 
there  is  being  erected  a  building  that  will  house  more  eleva- 
tors than  any  other  structure  in  the  world.  Going  up?  You 
bet! 


Steam-Deivex  Hydraulic  Pump 

ends  for  pressures  above  .3000  lb.  The  water  valves  are 
large  in  area.  All  the  seats  are  removable  and  all  parts 
are  accessible. 

Mounted  on  the  steam  chest  is  shown  the  pressure  and 
speed  governor  which  regulates  the  speed  and  pressure 
of  the  steam-driven  hydraulic  pump.  It  can  be  used  as 
a  simple  automatic  control  for  any  make  of  hydraulic 
steam  pumps.  It  is  provided  with  an  adjustment  which 
can  be  set  to  govern  any  speed  and  pressure  desired.  It 
cuts  ofE  the  steam  supply  to  the  pump  when  the  predeter- 
mined maximum  pressure  is  reached,  and  regulates  the 
speed  of  the  pump  to  any  number  of  strokes  for  which 
it  may  be  adjusted,  thus  preventing  the  pump  from  rac- 
ing, should  the  pressure  be  released  suddenly. 


The  Emproar  Willyum  finds  time  during  his  many  activi- 
ties to  inveigh  against  the  smooth  upper  lip.  Willyum  gets 
in  dutch  with  us  when  he  says  "a  real  man  wears  a  mus- 
tache." While  we  let  the  cook  strain  our  soup,  we  are  per- 
fecting a  patent  muffler  for  those  diners  who  do  their  own 
straining.      And   this   silencer   will   be   all  to   the   consomme! 

Chimnies  are  running  a  close  second  with  the  "largest" 
turbine,  steamship  and  engine.  We  will  soon  have  a  400-1't. 
steel  stack  out  in  Jerome,  Ariz.,  the  steel  for'  which  is  being 
"fabricated,"  says  a  contemporary.  And  still  they  say  engi- 
neers are  poor  writers! 


"Bangor    Whiskey    Explodes." — Headline. 

The  Bangor  brand  must  be  some  lively  stuff.  Around  here 
our  kind  sort  of  leans  up  against  the  bottle,  has  no  energy, 
no  kick — just  completely  disheartened  and  spiritless.  Bangor 
might  be   a  good  place   to   spend    our   next  vacation  if — 


aother  one   of  thos 
Wis.,  evidence  of 


■  lively  "get-acquainted"  towns  is  Ra- 
.'hich  is  shown  in  the  pictorial  supple- 
ment of  the  "Journal-News."  Pretty  nigh  all  the  home-tollis 
got  in  the  picture,  including  George  H.  Wallace,  "engineer 
and  writer,"  "who  sits  plumb  up  against  the  clergy,  the  law, 
medicine,  a  couple  of  cheery-looking  undertakers,  and  a 
dentist  who  seems  to  have  had  a  strong  pull  with  Geordle. 


"Set  domestic  science  to  music." — Daily  Paper. 

Not  for  ours!  Once,  in  the  long  ago,  our  blushing  bride 
meant  well  when  she  started  to  sing  as  she  started  to  cook. 
And  she  never  aftei'ward  learned  to  love  "Where  Is  My  Wan- 
dering Boy  Tonight?"  You  have  to  be  good  at  both  to  win 
out. 


A  250-Mile  Pipe  I,lne  is  being  built  for  H.  M.  Byllesby  & 
Co.,  of  Chicago,  from  the  West  Virginia  Gas  Fields  to  Louis- 
ville, Ky.  Some  76  miles  of  difficult  construction  through  the 
mountains   has   already  been   completed. 

Coal  Bulletin — The  Bureau  of  Mines  bulletin  No.  22  treats 
of  an  analysis  of  5000  samples  of  coal  that  have  been  col- 
lected by  experienced  government  agents  from  1500  mines  in 
the  United  States.  The  bulletin  is  in  two  sections,  one  giv- 
ing the  methods  of  procedure  followed  in  taking  samples  and 
in  testing  them  and  the  other  showing  the  location  of  the  coal 
mines  where  the  samples  were  obtained  and  data  on  the  phy- 
sical conditions  existing  at  the  different  mines,  their  capacity 
and  their  methods  of  preparing  coal  for  the  market.  Such 
a  book  should  be  valuable  to  power-station  managers  who 
could,  by  referring  to  it.  malie  analysis  of  coal  by  the  best 
approved  method  and  find  out  much  valuable  information  on 
the  condition  of  the  mines  from  which  his  coal  is  taken  and 
obtain  a  rough  figure  of  the  heating  value  of  the  coal  by 
knowing  the  location  of  the  mine.  Copies  of  the  bulletin  may 
te  obtained  by  addressing  Bureau  of  Mines.  Washington,  D.  C. 


"Agricultural  production,  marketing  and  cooperative  effort 
are  matters  of  major  importance,  and  any  help  you  can  give 
the  farmer  will  benefit  your  readers,"  the  New  York  City  Club 
tells  us.  We  wish  we  could  do  just  this  little  thing  for  Si, 
Hi  and  Ezry,  but —  "Power"  is  an  operating  engineers'  paper. 
If  we  ever  do  take  on  an  extra  department,  our  first  sym- 
pathies are  for  a  "Hints  to  Mothers"  or  "Balm  foi*  Wounded 
Hearts"   column. 


This  is  a  pretty  kettle  of  fish!  Harry  Schmelt  went  swim- 
ming among  the  household  effects  of  one  Jacob  Herring,  of 
Ne"w  York  City.  Schrimp  was  the  cop  who  threw  the  hook 
into  Schmelt  and  landed  him  in  the  "aquarium."  Evidently 
Schmelt  mistook  Herring  for  an  oyster  as  he  opened  up  on  a 
pearl   necklace   belonging   to   Mrs.   Herring. 

Hooray  for  the  "Auburn  (N.  Y.)  Citizen."  Some  civic 
pride  and  boosting  of  "the  home  of  the  Diesel  engine" — 
that's  Auburn!  This  live-wire  paper  had  a  corking  good 
story  on  the  new  Mcintosh  &  Seymour  Corporation,  and  yards 
of  it.      Go   it,    "Auburn   Citizen,"   we  like   your  enterpiise. 
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Mechanical  Engineers'  Convention 


In  point  of  attendance  the  thirty-fourth  annual  moetins 
of  the  American  Society  of  Mechanical  Kngineers,  held  in 
New  York  City,  Dec.  2  to  5  Inclusive,  was  the  largest  in  the 
history  of  the  society.  Almost  thirteen  hundred  registered, 
there  being  794  members  and  504  guests  present.  Not  only 
did  the  large  attendance  speak  well  for  the  efforts  of  the 
Meeting  Committee  in  providing  an  attractive  program,  but 
the  interest  manifested  in  the  papers  presented,  as  shown 
by  the  active  participation  in  the  discussion  and  the  numbers 
which  took  part  in  the  various  excursions,  indicated  that  the 
technical  and  social  entertainment  provided  was  highly  ap- 
preciated. 

OPENING    SESSION 

The  meeting  was  formally  opened  Tuesday  evening  in  the 
auditorium  of  the  Engineering  Societies  building  with  the 
presentation  of  the  address  of  the  retiring  president,  Dr. 
W.  P.  M.  Goss.  His  subject  was  "Technical  Education  a  Fac- 
tor in  the  Development  of  Professional  Ideals."  As  an  edu- 
cator of  prominence  himself  the  speaker  was  well  qualified 
to   draw   conclusions   from   the   history   of   technical   education 


James  Haetness,  Newly  Elected  President  of  the 
Amekicak  Society  of  Mechanical  Engixeeus 

in  the  last  forty  years  of  its  development  as  to  its  trend  at 
the  present  and  the  lines  along  which  it  will  probably  pro- 
gress. He  regards  the  pioneer  days  as  substantially  over, 
that  the  industries  and  professions  generally  now  have  con- 
fidence in  the  technical  graduate  and  that  more  and  more 
will  be  expected  of  him,  requiring  that  henceforth  those  who 
would  reach  the  highest  positions  should  follow  post-graduate 
work    and    give    considerable    attention    to    research. 

Following  the  address  the  report  of  the  tellers  of  election 
was  given  and  the  following  officers  for  the  ensuing  year 
were  declared  elected:  President,  .lames  Hartness,  Spring- 
field, Vt.;  vice-presidents,  Henry  L.  Gantt,  New  York;  E.  E. 
Keller,  Detroit,  Mich.:  H.  G.  Reist.  Schenectady.  N. 'Y.;  man- 
agers, A.  M.  Greene.  Jr.,  Troy.  N.  Y''.,  John  Hunter,  St.  Louis. 
Mo.:    Elliott   H.   Whitlock,    Cleveland    Ohio;    tieasurer  m 

H.  T^^iley,  New  York. 

There  followed  the  reception  to  the  retiring  and  newly 
elected  president."  in  the  society's  rooms  with  an  informal 
dance  and  collation. 


THE    NEW    PRESIDENT 

James  Hartness  was  born  in  Schenectady,  N.  Y.,  in  1S61. 
After  completing  his  education,  he  worked  as  foreman  in 
several  different  manufacturing  plants  in  Connecticut,  and, 
in  188S.  became  connected  with  the  .lones  &  Lamson  Machine 
Co.,  Springfield,  Vt.  He  served  successively  as  superintend- 
ent, manager  and  president,  which  position  he  now  holds.  Mr. 
Hartness  is  an  inventor  and  author  of  note  in  the  engineering 
world,  having  brought  out  numerous  labor-saving  machines, 
among  them  being  the  Flat  Turret  lathe  and  the  Lo-Swing 
lathe. 

In  1910  he  invented  a  turret  equatorial  telescope,  which 
permits  the  astronomer  to  make  observations  without  being 
exposed  to  the  cold  in  extremely  cold  weather.  This  accom- 
plishment has  been  generally  considered  a  marked  advance 
in  the  science  of  optics,  and  that  it  will  have  an  important 
bearing   on   the  work   of  astronomers. 

Mr.  Hartness  is  a  member  of  numerous  engineering  and 
scientific  societies,  both  American  and  foreign,  and  is  the 
author  of  "Machine  Building  for  Profit"  and  "The  Human 
Factor   in    \Vorks   Management." 

WEDNESDAY  SESSIONS 
In  the  auditorium  Wednesday  morning  was  held  the 
annual  business  meeting  at  which  w^ere  pi-esented  the  reports 
of  the  Council  and  standing  committees,  .^mong  the  latter 
was  the  report  of  the  subcommittee  on  fire  protection  which 
recommended  a  national  standard  for  hose  couplings  to  do 
away  with  the  present  difficulty  when  adjacent  towns  at- 
tempt to  help  one  another  during  serious  conflagrations  and 
are  hampered  by  the  variance  in  threaded  connections  now 
in   use. 

The  Committee  on  an  International  Standard  for  Pipe 
Threads  has  sent  to  the  Paris  representative,  L.  B.  Benet, 
instructions  for  presentation  to  the  International  Commission 
on  Pipe  Threads.  At  the  request  of  a  number  of  members 
and  manufacturers,  a  committee  was  appointed  and  pre- 
sented a  report  on  the  fixing  of  manufacturing  limits  in 
flanges  and  fittings  threaded  according  to  the  Briggs  stand- 
ard. A  report  is  before  the  Council  recommending  the  ap- 
pointment of  a  committee  to  act  as  a  clearing  house  for  all 
matters    of    standardization. 

A  spirited  discussion  resulted  over  the  report  of  the  Com- 
mittee on  Standardization  of  Flanges.  This  schedule,  known 
as  the  "1914  Standard,"  which  was  reported  in  "Power,"  Oct. 
14,  1913,  represents  a  compromise  between  the  1912  standard, 
adopted  jointly  by  the  American  Society  of  Mechanical  Engi- 
neers and  the  Master  Steam  and  Hot  Water  Fitters  Associa- 
tion, and  the  1912  Manufacturers'  standard.  Representatives 
of  the  Master  Steam  and  Hot  Water  Fitters  Association  ob- 
jected to  the  new  schedule  on  the  ground  that  the  1912 
standard  had  already  been  adopted  by  various  departments 
of  the  Government  as  well  as  several  manufacturers  who  had 
already  changed  their  patterns  to  conform  to  it.  The  associa- 
tion contended  that  it  had  not  been  given  ample  opportunity 
to  express  its  views  when  the  new  schedule  was  being  de- 
\'ised.  It  insisted  that  if  a  compromise  schedule  were  to  be 
provided  the  interchangeability  feature  of  the  1912  standard 
should  be  retained  and  that  it  should  be  known  as  the  "1912 
Standard  Revised  to  Jan.  1,  1914."  instead  of  the  "1914  Stand- 
ard." Moreover  it  was  urged  that  the  larger  size  flanges 
should  be  adopted  only  after  having  been  approved  by  the 
American  Water  T\'orks  -Association  and  the  New  England 
T^'ater    Works    Association. 

The  proposed  new  standard  was  defended  by  H.  G.  Stott 
and  W.  M.  McFarland.  both  members  of  the  A.  S.  M.  E.  com- 
mittee, who  challenged  the  opposing  side  to  point  out  any 
engineering  defects  in  the  new  schedule,  and  explained  that 
the  interests  of  everyone  concerned  would  be  best  served 
through  a  compromise,  thus  doing  away  with  the  inconven- 
ience of  two  standards.  A  motion  was  carried,  however,  to 
postpone  definite  action  on  the  new  standard  until  the  next 
meeting  of  the  society,  meanwhile  affording  an  opportunity 
for  all   factions   to   get   together. 

The  first  professional  paper  was  "Notes  on  the  Further 
Operation  of  Large  Boilers  of  the  Detroit  Edison  Co.,"  by 
J.  W.  Parker.  Because  of  the  importance  of  the  subject,  this 
paper  will  be  abstracted  rather  fully  in  the  next  issue.  Ow- 
ing to  the  time  consumed  by  the  discussion  upon  the  stand- 
ardization of  flanges,  it  was  found  necessary  to  hold  over  the 
rest  of  the  papers  scheduled  for  Wednesday  morning  until  the 
following  day. 

In  the  afternoon  three  simultaneous  sessions  were  held,  one 
on  railroad  work,  one  on  cement  and  one  on  textiles.  The 
papers    presented    at    the    first    were    "Steel    Underframe    Box 
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Cais."  by  George  W.  Rink,  and  "Steel  Upper  Frame  Box 
Cars,"  by  R.  W.  Burnett.  No  set  papers  were  provided  for  the 
cement  session,  but  opportunity  was  afforded  for  those  in- 
terested in  cement  manufacture  to  gather  for  an  informal 
discussion   on   various   subjects. 

The  papers  contributed  by  the  subcommittee  on  Textiles 
Included  "Cotton  Conveying  Systems;  their  Safeguards 
Against  Fire,"  by  H.  A.  Burnham;  "Specifications  for  Factory 
Timbers,"  by  F.  J.  Hoxie,  and  "Textile  Cost  Accounting,"  by 
C.   B.   Annett  and   C.   F.   Cunningham. 

For  the  ladies  there  was  a  reception,  musicale  and  tea  In 
the  rooms  of  the  society  from  3:00  to  6:00  p.m.  to  which  the 
minibers   and    guests    were    invited. 

Wednesday  evening  was  to  have  been  the  occasion  of  the 
presentation  of  the  Grashof  medal  to  George  Westinghouse, 
past  president  and  honorary  member  of  the  society,  the  award 
of  which  by  the  Verein  Deutsclier  Ingenieure  was  made  at 
the  Joint  meeting  of  the  two  societies  in  Germany  last  sum- 
mer, as  mentioned  already  in  these  columns.  Unfortunately 
illness    prevented    Mr.    Westinghouse    from    being    present. 

There  was  no  disappointment,  however,  in  any  sense  of 
tlie  word  in  the  other  feature  of  the  evening's  program,  an 
address,  illustrated  by  lantern  views  on  "Leonardo  da  Vinci — 
Engineer  and  Artist,"  by  John  W.  Lieb.  Jr.,  past  vice-president 


Cleaning  Systems,"  by  J.  I{.  McColl;  "Tests  Upon  the  Trans- 
mission of  Heat  in  Vacuum  Evaporators,"  by  E.  W.  Kerr,  and 
"The  Art  of  Enameling,  or  the  Coating  of  Steel  and  Iron  with 
Glass,"   by   Raymond    F.   Nailler. 

The  papers  contributed  by  the  Sub-Commiteee  on  Machine- 
Shop  Practice  at  one  of  the  other  two  sessions  were  "Gears 
for  Machine-Tool  Drives,"  by  John  Parlter;  "Cast  Iron  for 
Machine-Tool  Parts,"  by  Henry  M.  Wood;  "A  Record  of 
Pressed  Fits,"  by  C.  F.  MacGill,  and  "Standardizing  Machin- 
ery,"  by   Fred   H.   Colvin. 

One  of  the  papers  presented  by  the  Gas  Power  Section, 
"A  New  Process  of  Cleaning  Producer  Gas,"  by  H.  F.  Smith, 
was  printed  quite  fully  in  the  Gas  Power  Department  in  the 
last  issue.  The  other,  "Present  Status  of  the  Large  Gas  En- 
gine   in   Europe,"    by   Prof.    P.   Langer,    is   to   appear    later. 

Thursday  afternoon  was  left  free  for  excursions  and  the 
ladies    received    in    the    rooms    of    the    society. 

The  principal  social  feature  of  the  meeting  was  the  Ger- 
man dinner  and  the  dance  which  followed  it  in  the  Hotel 
Astor.  As  nearly  as  possible  the  dinner  duplicated  the  char- 
acteristics of  the  large  dinners  in  Germany  last  summer  when 
a  delegation  of  some  300  members  and  guests  of  the  society 
attended  the  joint  meeting  with  the  Verein  Deutscher  In- 
genieure   as    reported    in    "Power,"    Aug.    5,    1913.      Nearly    Ave 


German  Dinner  of  the  American  Society  of  Mechanical  Engineers,  at  Hotel  Astor,  Xew  York  City, 
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of  the  society.  Renowned  as  was  this  great  Italian  for  his 
achievements  in  the  field  of  art.  few  appreciate  that  he  is 
equally  well  entitled  to  a  prominent  place  in  the  history  of 
engineering  and  invention.  It  was  a  treat  indeed  and  a 
revelation  to  many  to  hear  of  the  extent  of  the  contributions 
of  Leonardo  da  Vinci  to  the  earlier  scientific  knowledge. 
THURSDAY   SESSIONS 

The  deferred  papers  from  the  Wednesday  morning  session 
were  given  first  attention  at  the  general  session  Thursday 
morning  in  the  auditorium,  while  simultaneously  sessions  on 
machine-sliop  practice  and  gas  power  were  held  in  other 
parts   of   the   building. 

At  the  general  session  the  papei'S  were  "Task  Setting  for 
Firemen  and  Maintaining  High  Efficiency  in  Boiler  Plants," 
by  Walter  N.  ''claltov,  an  .abstract  of  which  w-ill  be  presented 
later;  "The  Properties  of  Steam."  by  R.  C.  H.  Heck,  presented 
by  title  only,  report  of  the  Sub-Committee  on  Hoisting  and 
Conveying;  "Dynamic  Braking  for  Coal  and  Ore  Handling 
Machinery."  by  Clark  T.  Henderson:  "Efficiency  of  Rope 
Driving  as  a  Means  of  Power  Transmission,"  by  E.  H.  Ahara; 
"Comparative  Tests  of  Three  Types  of  Lineshaft  Bearings," 
by  Carl  C.  Thomas,  E.  R.  Maurer  and  L.  E.  KpIro;  "Pitot  Tubes 
for    Gas    Measurement,"    by    W.    C.    Rowse;    "Tests    of  Vacuum 


hundred  sat  down  at  dinner  and  anutlier  hundred  came  later 
for  the  illustrated  lecture  dcsciiptive  of  the  chief  features 
of  the  German  trip  by  Past-President  Worcester  R.  Warner 
and  the  dance  which  followed.  An  extensive  collection  of 
lantern  slides  had  been  made  from  selections  of  the  numerous 
snap-shots  taken  by  those  on  the  trip  and  these  and  the 
lecture  brOMght  back  many  pleasant  recollections  to  those 
who  were  so  fortunate  as  to  have  the  privilege  of  being 
members  of  the  party,  while  it  gave  the  rest  who  did  not 
attend  somewhat  of  an  idea  of  the  lavish  entertainment  pro- 
vided bj'  the  German  hosts.  Numerous  speeches  and  toasts 
v.ece  offered  during  the  dinner  between  courses  and  telegrams 
were  read  from  those  who  had  had  a  conspicuous  part  in  the 
entertainment  of  the  society.  Dr.  Oskar  Von  Mliller,  presi- 
dent of  the  Verein  Deutscher  Ingenieure,  Dr.  Conrad  Mat- 
choss,  who  came  over  in  advance  of  the  meeting  to  invite 
the  American  Society  to  attend  and  others.  The  speakers  at 
the  dinner  were  the  retiring  president.  Dr.  Goss,  who  intro- 
duced the  toastmaster.  Prof.  L.  P.  Breckenridge,  President- 
Elect  Hartness,  who  in  the  absence  of  the  president  at  the 
meeting  was  the  official  head  of  the  party  that  went  to  Ger- 
many, Col.  E.  D.  Meier,  Prof.  A.  M.  Greene,  Jr.,  Sir  Croyden 
Marks,    a    guest    representing    the    Institution    of    Mechanical 
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,     .      I'll  ('ford,   who  had   some   aiit 

oi-.'  ]:,.ii  v.:><-s  <:.st   iii   11. '■   KipliuM  arid  Longfellow  molds,  and 
Sec-retai-y   Calvin   W.    I'iioe,    whose   toast  was    "The   Ladies." 

FRIDAY    SESSIONS 

Frid.ay  nunning"  tlie  last  professional  session  was  held  in 
the  auditorium  with  a  group  of  papers  contributed  by  the 
•Sub-Committee  on  Fire  Protection.  These  were  "The  Fire 
Hazard  in  Turbo-Generators,"  by  G.  S.  Lawler,  an  abstract  of 
which  will  be  given  in  a  later  issue;  Extinguishing  of  Fires 
in  Oils  and  Volatile  Liquids,"  by  Ed.  A.  Barrier;  "Control  of 
Automatic  Sprinkler  Valves,"  by  Fred  J.  Miller;  "The  Need 
of  More  Care  in  the  Design  and  Construction  of  Elevated 
Tanks,"  by  W.  O.  Teague,  and  "Fire  Pumps,"  by  Ezra  E. 
Clark. 

At  the  conclusion  of  this  session  the  usual  vote  of  thanks 
to  the  various  committees,  individuals  and  companies,  who 
had  contributed  to  the  program  of  papers  and  excursions 
was  passed,  acting  upon  a  resolution  offered  by  George  I. 
Rockwood. 

EXCURSIONS 

Friday  afternoon  was  left  open  for  participating  In  ex- 
cursions, and  others  were  made  throughout  the  meeting. 
Among  the  more  important  of  these  were  those  to  the  Cats- 
kill  Aqueduct  tunnel  construction  plants,  the  Waterside  sta- 
tion of  the  New  York  Edison  Co.,  the  power  plant  of  the 
Interborough  Rapid  Transit  Co.,  the  Woolworth  building  and 
power   plant,    the    "Kaiserin    Auguste    Victoria,"    of    the    Ham- 
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burg- American  Line,  the  Pennsylvania  R.R.  terminal,  the 
Grand  Central  terminal,  the  Brooklyn  Navy  Yard,  the  Na- 
tional Lead  Co.,  the  Tidewater  Paper  Co.  and  the  E.  W.  Bliss 
Co.,  in  Brooklyn,  and  the  Davis-Bouronville  company's  fac- 
tory for  the  manufacture  and  demonstration  of  oxy-acetylene 
welding   and   cutting   equipment,   at  Jersey   City,  N.   J. 

A  number  of  college  reunions  were  arranged  for  Friday 
evening,  which  was  a  new  feature  for  an  annual  meeting. 
The  alumni  of  Stevens  Institute  of  Technology  had  a  theater 
party,  supper  and  dance,  those  of  "Worcester  Polytechnic  In- 
stitute their  annual  dinner,  and  reunion  dinners  were  held 
by  the  engineering  alumni  of  the  Polytechnic  Institute  of 
Brooklyn,  Yale  University,  Cornell  University,  Kentucky  State 
University    and    Brown    University. 


Believes  in  Safety  First 

One  hundred  and  fifteen  factory  foremen  of  the  Goodyear 
Tire  &  Rubber  Co.,  Akron,  Ohio,  have  been  organized  into  a 
compact  and  aggressive  "safety  first"  battalion.  This  organ- 
ization was  perfected  at  a  banquet  presided  over  by  President 
F.  A.  Seiberling  and  addressed  by  him  and  other  Goodyear 
ofHcials,  as  well  as  outside  experts  of  note.  President  Seiber- 
ling  said:  "During  the  past  year,  8000  men  have  worked  for 
Goodyear,  and  the  coming  year  this  number  will  be  increased 
to  10,000.  It  is  inevitable  among  such  a  multitude  that  acci- 
dents will  happen,  therefore  our  foremen  need  to  realize  the 
necessity  of  safeguards  and  constant  vigilance.  This  com- 
pany holds  the  safeguarding  of  the  lives  and  well-being  of 
its   employees   as   a   high    moral    obligation." 

Moving  pictures  showing  safety  devices  and  the  danger 
of  their  absence,  illustrated  various  talks.  A  squad  was  or- 
ganized to  patrol  the  41-acre  factory  constantly,  looking  for 
dangerous  operations,  instructing  workmen,  and  suggesting 
safety   devices. 

Installed  but  a  short  time,  this  "safety  first"  organization 
has  already  caused  a  noticeable  reduction  in  the  number  of 
minor  accidents  reported  among  the  thousands  of  the  Good- 
jear  Co.'s  workmen. 


Purifying  Apparatus  Suit  Decided 

A  final  decision  from  the  ultimate  court  has  just  been  ren- 
dered at  Cincinnati  sustaining  the  patent  of  J.  C.  W.  Greth 
for   water-purifying   apparatus. 

The  suit  was  originally  filed  before  Judge  Evans,  at  Louis- 
ville, Ky.,  in  July,  liilO,  by  Wm.  B.  Scaife  &  Sons  Co.,  of 
Pittsburgh.  Penn.,  against  the  Falls  City  Woolen  Mills,  Louis- 
ville. Ky..  who  had  installed  a  continuous  water-softening 
system  alleged  to  be  manufactured  and  furnished  by  the  Fetta 
Water  Softener  Co.,  Richmond.  Ind.  The  Louisville  court  de- 
nied the  injunction  and  appeal  was  taken  to  the  court  of 
appeals  at  Cincinnati,  which  has  now  reversed  Judge  Evans. 
upholding  the  validity  of  the  patent,  and  ordered  the  usual 
decree  for  injunction  and  accounting  and  recovery  of  damages. 

Marine  Engineers'  Annual  Event 

On  the  evening  of  Dec.  3,  at  the  Lexington  Opera  House. 
Marine  Engineers'  Beneficial  Association  No.  33  held  its  an- 
nual entertainment,  ball  and  reception.  The  arrangement 
committee  included  W.  J.  Du  Bois,  James  O'Keefe,  Thomas  J. 
Quigley,  J.  M.  Sterritt,  L.  F.  Oliver.  James  Moran.  Richard 
Aiken  and  T.  L.  Delahunt.v.  Frank  Martin  was  the  fioor 
director  and  Frantzen's  oi-chestra  provided  the  music. 

The  hit  of  the  entertainment  was  the  minstrel  show  of  the 
"M.  E.  B.  A.  Bunch."  John  Lloyd  Wilson  was  the  interlocutor, 
and  the  end  men  were  Monroe  .Silver,  Billy  Murray,  Ed  Meeker 
and  Joe  McKenna.  Others  in  the  "Bunch"  who  contributed 
to  the  evening's  enjoyment  were  M.  J.  O'Connell.  Jack  Armour 
and  F-  J-  Corbett.  Part  II  of  the  program  included  Madeleine 
Livingston,  Whalen,  West  and  Whalen.  Matt  and  Jessie 
Shaefer.   George  Andrews,  and   Clark  and   Watson. 

Change  in  Chicago  Light  Rates 

In  extending  on  Nov.  26.  the  franchise  of  the  Common- 
wealth Edison  Co.,  the  city  council  of  Chicago  voted  to  ac- 
cept the  change  in  electric-lighting  rates  offered  by  that 
corporation.  The  old  rates  weie  10c.  per  kw.-hr,  for  current 
used  up  to  that  quantity  which  would  be  consumed  by  30 
hr.  use  of  the  maximum  numl^er  of  lights  used  and  5c.  per 
kw.-hr.  for  all  consumption  in  excess  of  this.  The  new  rates 
provide  for  a  tertiary  charge  of  4c.  per  kw.-hr.  for  all  current 
in  excess  of  the  consumption  which  would  be  due  to  60  hr. 
use  of  the  maximum  number  of  lights  used.  This  rate  be- 
came effective  on  Dec.  1  and  is  to  be  reduced  to  3c.  on  Mar. 
1,  1914.  The  old  primary  charge  of  10c.  per  kw.-hr.  for  the 
first  30  hr.  remains  while  the  secondary  charge  of  5c,  is  made 
for  the   second    30   hr. 

It  is  estimated  that  the  change  will  not  affect  some  40,000 
small  consumers,  of  the  150.000  customers  served,  as  their 
service  requirements  are  such  that  the  tertiary  rate  never 
becomes    effective. 

A  small  faction  in  the  council  stood  out  for  a  reduction  of 
Ic.  in  the  primary  rale  and  ',4c.  in  the  secondary,  so  that  the 
benefit  might  be  equably  distributed  among  all  consumers, 
both  larc^e  and  small.  This  faction  also  urged  a  franchise 
period    of  three   years   instead   of   the   five   granted. 

Appropriations  to  the  Bureau  of  Mines 
for  Coal  and  Gas  Testing 

The  estimates  of  appropriations  for  the  United  States 
Bureau  of  Mines,  for  the  fiscal  year  ending  June  30,  1915,  as 
approved  by  Secretary  Lane  of  the  Interior  Department,  have 
just  been  forwarded  to  Congress.  They  total  $752,000,  and 
out  of  this  $10,000  is  for  the  equipment  of  the  testing  plant 
at  Pittsburgh,  $135,000  for  testing  fuels,  and  $30,000  for  in- 
quiries   and    investigations    of   petroleum    and    natural    gas. 

The  $10,000  asked  for  the  equipment  of  the  testing  plant 
is  a  new  item.  The  money  is  needed  for  the  purchase  of 
steam  and  electric  equipment.  The  estimates  set  forth  that 
the  present  power  and  electric  service  plant  at  the  experiment 
station    is    on    the    eve   of  breakdown. 

The  item  of  $30,000  for  inquiries  and  investigations  of  I 
petroleum  and  natural  gas  is  for  the  first  time  placed  se 
arately  in  the  estimates  and  represents  an  increase, 
calls  for  inquiries  and  investigations  concerning  the  mining, 
preparation,  treatment  and  utilization  of  petroleum  and 
natural  gas,  with  a  view  to  economic  development,  and  con- 
serving resources  through  the  prevention  of  waste.  On  this 
subject,   the  estimate  contains  the  following  statement: 

In  1911  the  total  value  of  the  petroleum  produced  in  this 
country  was  $134,044,752;  that  of  the  natural  gas  usefully 
produced  was  $74,127,534.  The  magnitude  of  the  petroleum 
industry,   the   increasing   value   of   petroleum   and   natural   gas 
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as  fiul,  and  the  rapid  decline  of  tlie  yield  from  many  fields 
emphasi/.e  the  need  of  conducting-  inquiries  concerning  the 
mining,  treatment  and  utilization  of  petroleum  and  natural 
gas.  with  a  view  to  economical  and  efficient  development  of 
these  resources,  as  well  as  inquiries  into  the  economic  con- 
ditions that  have  developed  in  the  oil  and  gas  industries,  with 
a  view  to  the  determination  of  the  factors  governing  produc- 
tion and  the  means  whereby  supplies  of  oil  and  gas,  espe- 
cially those  on  public  lands  or  on  lands  controlled  by  the 
Government,  can  be  utilized  to  best  advantage  in  promoting 
the    public    welfare. 

As    illustrating    the    need    for    inquiries    and    investigations 
concerning-   petroleum    and    natural    gas,    with   a    view    to 


nomic  development,  It  is  pertinint  t 
tr.act  from  a  recent  report  rv<  ix,  ,1 
regarding  the  Gushing  tield  "i  '  'I 
yield  of  oil  from  the  Gushing  H'M 
bbl.  per  day.  For  a  long  perioj  n  i 
than  20.000  bbl.  per  day.  Tli.  m  . 
highest  market  quotation  pro),, ill  I 
During  this  time  there  has  In  ,  i 
not  less  than  100.000,000  cu.ft 
flowing  wells  is  perhaps  in  exee.ss  < 
a  total  dailv  waste  of  300.000.000 
mestic   rate   of   25c.    per   1000   cu.ft.. 


t      u: 


)te   the   folio-wing 
li>     the   Bureau   of   Mines 

iliMina:  "The  maximum 
11.-  never  reached  30.000 
I  ■    iMM-n  considerably  less 

1  :.  value  of  oil  at  the 
.  .    I. .low  $20,000  per  day. 

Ill'  :  from  drilling  wells 
s.  while  the  waste  from 
200.000,000  cu.ft.,  making 
■u.ft.,  which,  at  the  do- 
'ould    be    $75,000    per   day 


in   fuel,   or  a   matter   of  perhaps   $20,000   a  day   to   the  oil 
ducer.      It    is    not    only    possible    to    conserve    this    gas.    but 
also   is   possible   in   many   cases   to   so   manage   the   wells   th 
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to  crowd  Germany  out  in  the  markets  of  North  and  .South 
America,    especially    in    regard   to    textiles   and    machinery. 

The  petition  says  Germany  has  no  risht  to  boycott  the 
exposition  in  consequence  of  an  agreement  with  Great 
Britain. 

It  is  believed  the  object  of  the  petitioners  is  supported  by 
a  sufficiently  strong  body  in  the  Reichstag  to  insure  the  vot- 
ing  of  the  appropriation. 

Manufacturers  and  Engineers  Visit 
Mesta  Works 

The  Engineeis  -Society  of  Western  Pennsylvania  and 
other  prominent  engineers  and  iron  and  steel  manufactur- 
ers visited  the  works  of  the  Mesta  Machine  Co.,  West  Home- 
stead, Penn.,  Saturday  afternoon,  Nov.  29,  by  special  train, 
there   being   about   250   in   the  party. 

The  principal  object  of  the  visit  was  to  inspect  the  40- 
in.    slabbing   mill,    the    44    and    76    by    60-in.    twin-tandem-com- 


und    geared    reversing    engine 
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Engineeks  Society  of  Western  Pennsylvania  and   Other  Prominent   Visitors  at  the   A\''orks  of  thb 

Mesta  Machine  Co. 


they  can  furnish  oil  without  allo^ving  the  gas  to  escape.  The 
main  purpose  of  the  oil  producer  is  to  get  the  oil  and  let 
the  gas  escape."  There  are  other  fields  in  the  United  States 
■where    enormous    daily    waste    of    gas    occurs. 

Practically  all  the  oil  purchased  by  the  different  branches 
of  the  service  of  the  United  States  has  been  tested  by  the 
Bureau  of  Mines.  This  is  particularly  true  of  tests  for  the 
Navy  Department,  these  purchases  amounting  during  the  past 
-  ;ar    to    about    21,000.000    gal.    of    oil. 

Germany  Will  Exhibit  at  the  Fair 

a  P.erlin  dispatch  says  that.  "Despite  the  aloofness  of 
official  Gern-iany  regarding  the  Panama-Pacific  Exposition  in 
San  Francisco  in  1915.  there  is  ground  for  the  belief  that  Ger- 
many will  send   the   biggest   exhibit  in   her   history   to   the   ex- 

jition.  Arrangements  have  already  been  made  by  1400 
large  firms  to  show  their  wares  which  the  great  shipping 
lines  will  convey  to  the  Pacific  free  of  cost.  A  petition  is 
about  to  be  presented  to  the  Reichstag  by  the  Independent 
San  Francisco  committee  asking  for  an  appropriation  of  .$500,- 
000  for  a  German  building  at  the  exposition,  saying  that  an 
adequate  display  is  of  vital  necessity  to  German  industry. 
Otherwise,   the  petitioners  say.  Great  Britain   will   be  allowed 


cylinder  reversing  engine  which  the  Mesla  Machine  Go.  has 
designed  and  built  for  the  Gary  Works  of  the  United  States 
Steel  Corporation.  The  large  engine  is  capable  of  develop- 
ing 25.000  hp.  and  weighs  about  1000  tons.  The  total  weight 
of  the  mill   and   engines   is  about   4250   tons. 

The  mill  will  be  used  at  the  Gary  Works  for  rolling-  large 
steel  ingots  up  to  50  tons  in  weight,  into  slabs  for  the  other 
finishing  mills.  The  rolling  mill  is  caid  to  be  the  largest 
of  its  kind  in  the  world.  Some  cf  the  castings  in  this 
equipment  weigh  about  90  tons,  and  it  will  require  85  cars  to 
transport    it    to    the    Gary    Works    at    Gary.    Ind. 

The  Mesta  Machine  Co.  is  running  to  full  capacity  and 
at  present  has  enough  orders  on  its  books  to  keep  it  busy 
at  full  capacity  for  some  time  to  come.  Several  of  the  princi- 
pal orders  on  hand  are  for  a  large  twin-tandem  compound 
reversing  engine  for  Corrigan,  McKinney  &  Co.,  Cleveland, 
Ohio,  and  two  large  cross-compound  blast  furnace  blowing 
engines  for  the  Woodward  Iron  Co.,  Woodward,  Ala.,  and 
some  rolling  mills  for  the  Bethlehem  Steel  Co.  The  company 
also  has  orders  for  some  rolling-mill  equipinent  for  the 
Canadian  Car  &  Foundry  Co.,  Port  William,  Ont.,  and  the  Im- 
perial   Steel    Works    of   .Tapan. 
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New  York  "Museums   of  the 
ful  Arts" 


Peace- 


steps  have  been  taken  to  found  a  group  of  museums  in 
New  York  City,  to  be  known  as  "The  Museums  of  the  Peace- 
ful Arts."  The  grroup  is  to  consist  of  20  buildings,  and  when 
completed  will  constitute  the  greatest  institution  of  its  kind 
in   the   world. 

A  site  is  to  be  procui'ed  sufficient  to  meet  the  needs  of  the 
entire  project,  but  in  the  beginning  only  one  or  two  build- 
ings will  be  erected.  The  entire  cost  of  the  group  is  es- 
timated at  about  $30,000,000,  and  the  annual  maintenance 
charges  at  between   $2,000,000   and    $3,000,000. 

It  is  proposed  that  the  museums  shall  be  divided  into  the 
following  branches:  Electricity,  steam,  astronomy  and  navi- 
gation, safety  appliances,  aviation,  mechanical  arts,  agricul- 
ture, mining,  labor,  efficiency,  historic  records,  health  and  hy- 
giene, textiles,  ceramics  and  clays,  architecture,  scenic  em- 
bellishment, gardening,  roads  and  road-building  materials, 
commerce  and  trade,  printing  and  books.  In  addition  there 
will  be  a  central  library  containing  books  and  periodicals  re- 
lating to  the  subjects  of  the  museum. 

This  is  the  first  project  looking  toward  the  establishment 
of  a  museum  of  science  and  industry  to  take  definite  form 
in  the  United  States.  The  outline  is  splendid  in  its  breadth 
and  scope;  if  carried  through  to  completion,  this  museum 
will  be  a  worthy  companion  of  the  two  other  great  museums 
in   New   York   City. 


ion   for   the  Advancement  of  Science 
fleeting   at   Atlanta,    Ga.,   on   Dec.    29 


The  American  Associs 
will  hold  its  sixty-fifth 
to   Jan.    3. 

The  Marine  Engineers'  Beneficial  Association  will  hold 
its  39th  annual  convention  in  Washington,  D.  C,  beginning 
Dec.  19  and  concluding  on  Dec.  24.  The  Raleigh  will  be  the 
headquarters.  A  large  attendance  of  delegates  and  guests 
has   been  promised. 

About  the  middle  of  January  the  Chicago  Section  of  the 
American  Society  of  Mechanical  Engineers  will  hold  a  meet- 
ing having  for  its  subject  "Steam  Power  Plants."  The  speak- 
ers will  be  men  in  charge  of  some  of  the  largest  power 
plants  in  the  country.  At  the  section's  dinner  meeting,  Nov. 
19,   there  was  an   attendance   of  162   members  and   guests. 

The  annual  masque  and  civic  ball  of  Local  No.  56,  Inter- 
national Union  of  Steam  and  Operating  Engineers,  was  hel,;l 
on  Saturday  evening,  Dec.  6,  at  Brooklyn  Labor  Lyceum.  Th" 
attendance  was  large  and  the  costumes  were  attractive.  The 
reception  committee  was  composed  of  Frank  H.  Schmitz. 
chairman;  Charles  Freiermuth,  Charles  F.  Liebmann,  Joseph 
Munterfering  and  Conrad  Ehle. 

On  Saturday  evening,  Dec.  6,  the  sixth  annual  entertain- 
ment and  reception  of  the  Combined  Associations  of  Engi- 
neers in  the  Borough  of  Brooklyn  "was  held  in  Kismet 
Temple,  and  was  most  successful.  Delegates  were  present 
from  Local  Associations  Nos.  S,  27,  41,  57,  Melville  Council 
No.  9  and  the  Modern  Science  Club.  The  reception  com- 
mittee included  G.  Vi'.  Roff,  J.  O.  Westberg,  "William  Smith. 
Charles  Schabacker,  W.  F.  Brundage,  C.  -\.  Enggren  and 
G.  O.  Kaley.  Frank  Martin  was  floor  manager.  On  the 
entertainment  program  were  Nichols  Brothers,  Madeleine 
Livingston,  the  Schaefers,  Harry  Burgoyne,  Allen  and  Dalton. 
the  New  York  Quartet,  Larry  Sharkey  and  Clark  and  A\'atson. 


PERSONALS 


Irvin  S.  Chamberlain,  a  member  of  Xo.  2  Association, 
N.  A.  S.  E.,  of  Paterson,  N.  J.,  has  been  appointed  chief  engi- 
neer of  the  new  United  States  Post  Office  Building  at  Jersey 
City. 

John  A.  Drew,  for  over  25  years  the  Ne^v  York  sales  man- 
ager for  Henry  R.  Worthington  and  the  International  Steam 
Pump  Co.,  has  accepted  the  position  of  specif.'  sales  agent 
with  the   Epping-Carpenter  Pump   Co. 

H.  M.  Montgomery,  for  many  years  the  TYestern  represent- 
ative of  the  Alberger  Condenser  Co.,  has  been  appointed  the 
VTestern  representative  of  the  Permutite  Co..  which  exploits 
a   new   water-softening   and   scale-preventing   process. 
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Atlantic  City  Pumping  Plant 


By  Wakuen  0.  Eogers 


SYNOPSIS — Fire  destroyed  the  old  nonfireproof  pump- 
ing plant,  bnt  disabled  the  plant  machinery  only  19  hr. 
while  repairs  were  being  made.  The  present  building  is 
fireproof  throughout.  The  pumps  are  of  several  designs, 
but  the  old  units  will  ultimately  be  replaced  by  more 
modern  pumping  engines.  Provision  has  been  made  in 
'he  pipe-line  construction  to  prevent  a  possible  disabling 
of  nil  boiler  or  pumping  units.  Three  sources  of  feeding 
(he  boiler  have  been  provided. 

Atlantic  City,  ^ST.  J.,  with  an  estimated  resident  popu- 
lation of  55,000,  and  during  the  summer  months  with  an 
3stimated  population  of  from  between  125,000  and  200,- 
[)00  is  confronted  by  a  condition  encountered  by  but  few 
if  any  cities  of  similar  size.  Although  the  population 
during  the  winter  is  but  one-fourth  of  that  of  summer, 
the  pumping  equipment  of  the  city  pumping  plant  must 
be  of  sufficient  capacity  to  supply  the  demands  the  year 
round;  hence  the  capacity  of  the  pumping  apparatus  is 
necessarily  greater  than  would  be  required  under  ordinary 
circumstances. 

During  the  year  of  1912  the  average  amount  of  water 
pumped  per  day  was  9,774,200  or  3,567,583,000  gal.  for 
the  year.  It  is  during  the  months  of  July  and  August 
that  the  maximum  consumption  occurs,  which  for  one 
day  was  1-1,057,000,  and  for  one  mouth  was  as  high  as 
12,291,000  gal.  per  day.  An  approximate  maximum  rate 
for  one  day  has  been  as  high  as  16,000,000  gal. ;  approxi- 
Qiated  because  the  maximum  capacity  of  the  meter  was 
14,000,000  gal.  per  day. 

Prior  to  1895  water  was  supplied  to  the  city  by  two 
private  water  companies.  Both  systems,  however,  were 
purchased  l)y  the  city  and  in  1904  all  water  was  supplied 
from  the  Absecon  pumping  station.  This  plaut  was  de- 
stroyed by  the  fire  in  the  latter  part  of  1909,  and  the  new 
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plant  was  erected  on  the  site  of  the  old,  and  was  com- 
pleted in  1911.  The  old  building  was  of  wood,  brick 
walls,  wood  floors  and  roof,  and.  although  completely 
destroyed,  the  machinery  was  damaged  but  slightly.  Tn 
fact,  due  to  the  efEorts  put  forth  by  the  engineers,  the 


system  was  out  of  service  but  19  hr.,  while  the  debris  was 
being  cleared  away  and  necessary  repairs  to  pipe  lines, 
etc.,  were  being  made.  The  boiler  and  pumping  units  were 
protected  by  a  temporary  shelter  while  the  new  building 
was  being  built. 

In  Fig.  1  is  a  view  of  the  new  fireproof  building.     It 


Fig.  2.    The  12,000,000-Gal.  Tmple-Expansion 

PUMPIXG   EnGIKE 

IS  of  red  brick;  the  inside  is  finished  with  a  white- 
enameled  wainscoting  of  such  a  height  that  when  the 
floors,  which  at  present  are  on  two  levels,  are  made  the 
same  the  finish  of  the  walls  will  be  uniform ;  the  upper 
walls  arc  painted  cream  color.  The  upper  floor  is  finished 
in  red  tile;  the  lower  floor  is  of  concrete.  The  building 
is  70x80  ft.  with  a  reinforced-concrete  roof  supported  by 
steel  trusses. 

Upon  the  upper  floor  of  the  pump  room,  which  is  40 
by  70  ft.  in  dimension  and  is  6  ft.  above  the  lower  floor, 
contains  one  vertical,  triple-expansion,  condensing,  crank 
and  flj'wheel,  triple,  single-acting  pumping  engine.  The 
steam  cylinders  are  19^^,  36  and  53  by  36  in.  with  water 
plungers  24%  in.  in  diameter.  The  pump,  Fig.  2,  runs 
at  38  r.p.m.,  and  has  a  capacity  of  12,000,000  gal.  per 
day.  The  water  cylinders  are  in  the  basement,  which  is 
separated  from  the  lower  floor  level  by  a  concrete  wall. 
On    the   same   floor   level  is   a  10,000,000-gal.,   turbine- 
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Fig.  3.  Paktial  View  of  the  Upper  Floor,  with  Vertical  Pump  in  the  Foreground,  Turbine-Dhiven' 
Centrifugal  Pump  and  Engine-Driven  Generator  at  the  Eight 


driven,  two-stage,  centrifugal  pump.  This  unit  is  shown 
-Ml  Fig.  3.  The  300-lip.  turbine  drives  the  pump  at  850 
r.p.ni. 

In  the  basement,  under  the  last  mentioned  units  is  a 
l()-hp.  turbine-driven,  single-stage  centrifugal  pump  with 
a  capacity  of  5,000,000  gal.  per  day  at  850  r.p.m.  It  has 
a  lift  of  35  ft.  This  unit  pumps  from  the  driven  wells 
to  the  high-pressure  pump  reservoir. 

On  the  lower  floor  are  two  horizontal,  cross-compound 
condensing  compressors  with  steam  cylinders  10  and  16 
and  11  aaid  18  in.,  air  cylinders  14  and  16  in.,  and  12-  and 
14-in.  stroke  respectively.  The  air  pressure  is  25  lb.  per 
sq.in.,  and  the  units  have  a  rated  capacity  of  600  and  1000 
eu.ft.  of  air  per  min.  respectively.  With  the  air  compressors 
on  the  lower  floor  level  are  the  three  compound  re- 
(.iprocatiug  piamps.  Fig.  4.  The  largest  of  the  reciprocat- 
ing pumps  has  a  capacity  of  6,000,000  gal.  per  day  at 
181/2  r.p.m.  with  cylinders  21,  40  and  2II/2  by  36  in.  The 
next  largest  pump  is  of  3,500,000  gal.  capacity,  having 
cylinders  16,  24  and  18  by  18,  running  at  31  r.p.m.  The 
smaller  unit  is  of  3,000,000  gal.  capacity  and  has  cylin- 
ders 10,  18  and  12  by  16  in.;  it  nms  at  59  r.p.m. 

During  the  winter  months  water  is  pumped  by  the 
large  flywheel  pump,  but  in  summer  two  of  the  three 
large  pumps  are  in  service  to  meet  the  increased  demand 
for  water. 

Boilers 

The  plant  is  divided  into  three  parts,  the  pump  room 
■i  nd  two  boiler  rooms,  which  are  at  one  end  of  the  main 
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cating  Pumps 

part  of  the  building.  The  boiler  room  forms  an  ell  por- 
tion of  the  plant,  and  contains  six  water-tube  boilers.  Two 
are  of  125-hp.,  two  of  200-  and  two  of  300-hp.  rating  with 
33,  49  and  51  sq.ft.  of  grate  surface  respectively.  The 
200-hp.  units  have  2000  sq.ft.  of  heating  surface,  the  300- 
hp.  units,  2931  sq.ft.  The  pressure  carried  is  125  lb.  The 
125-  and  200-hp.  boilers  are  in  the  boiler  room  at  the 
end  of  the  pump  room.  Fig.  5,  and  the  two  300-hp.  boil- 
ers, Fig.  6,  are  in  the  ell  portion  with  room  for  two  more 
of  similar  capacity. 
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All  boilers  are  set  in  batteries  of  two  and  are  fed  by 
duplex  boiler-feed  pumps  of  which  there  are  two  with  6 
and  4  by  6-in.  cylinders  and  one  with  10  and  6  by  10-iu. 
size.  Two  of  these  pumps  are  in  No.  1 ;  the  larger  one  in 
No.  2  boiler  room.  Each  pump  rests  on  a  concrete 
foundation  18  in.  above  the  floor  level.     Two  injectors 


Fig.  5.  Four  op  the  Six  Water-Tube  Boilers 

are  also  piped  up  to  be  used  in  emergencies  if  the  pump 
should  become  inoperative. 

All  feed  water  is  metered  by  either  of  two  meters  placed 
between  the  feed  pumps  and  the  600-hp.  open  heater.  The 
meters  are  arranged  for  bypassing  in  case  repairs  are  nec- 
sssary. 

All  doors  communicating  with  the  boiler  room  are 
single  metal  automatic  fire-doors.  At  the  rear  of  each 
battery  of  boilers  is  a  set  of  large  double  doors  opening 
to  the  outside  of  the  building,  which  is  exceedingly  con- 
venient in  case  it  is  necessary  to  remove  old  or  install  new 
boilers.  Provision  has  also  been  made  for  an  additional 
teater  withoiit  change  of  piping  by  the  removal  of  a 
Qange  on  the  14-in.  vertical,  exhaust-steam  pipe. 

Bituminous  coal  is  delivered  to  the  plant  by  teams 
under  contract  from  the  railroad,  11-2  miles  distant.  It 
is  dumped  into  the  hopper  of  a  coal  conveyor,  which  dis- 
charges it  into  a  concrete  coal  pocket  of  400  tons  capacitv. 
An  industrial  track  runs  from  in  front  of  the  boilers  to 
beneath  a  discharge  opening  in  the  bottom  of  the  coaf 
pocket,  through  which  coal  is  discharged  into  1-ton  metal 
charging  cars. 

Water  Supply 

Water  ])umped  by  the  station  is  obtained  from  twenty- 


one  10-in.  wells,  provided  with  8-in.  strainers  and  6-in. 
suction  pipes,  and  driven  100  and  200  ft.  to  different 
strata.  One  line  of  10  wells  is  operated  by  an  air  lift,  air 
being  supplied  by  the  two  compressors  already  mentioned. 
The  supply  of  water  from  this  group  is  at  least  2,000,000 
gal.  per  day.  A  second  group  of  wells  is  connected  to  the 
centrifugal  pump  installed  in  the  basement  under  the 
electric-generating  unit.  The  pump  delivers  at  a  low 
head  into  a  ilume  leading  to  one  of  two  receiving  wells. 
The  capacity  of  this  group  of  wells  is  about  3,000,000 
gal.  of  water  per  day. 

At  the  end  of  the  wooden  conduit  is  a  basin  with  slop- 
ing sides.  It  has  a  normal  capacity  of  700,000  gal.  This 
basin  is  connected  with  the  north  pump  well  by  a  300- 
ft.  wooden  flume.  Midway  of  the  flume  a  20-ia.  cast- 
iron  main  runs  to  the  artesian  basin  and  a  wooden  flume 
to  the  south  pump  well.  The  basins  act  as  an  additional 
water  supply  to  the  normal  water  supplied  by  the  wells. 

Beside  the  wells  there  is  a  surface  supply  for  a  water- 
shed 18  sq.in.  in  area.  The  maximum  runoff  of  Absecon 
Creek  is  about  7,500,000  gal.  per  day.  All  water  pumped 
is  metered.  The  meter  has  a  rate-flow  diai,  a  daily  chart 
and  a  register. 

Piping 

In  Fig.  7  is  shown  a  general  plan  of  the  live  and  ex- 
haust steam  and  waler  piping  of  the  plant.  Above  the 
front  end  of  the  boilers  in  No.  1  boiler  room  is  an  8-in. 
header  to  which  the  four  boilers  are  connected  by  5-  and 
7-in.  lead  pipes  from  the  125-  and  200-hp.  boilers  respec- 
tively. These  lead  i>ipes  are  equipped  with  a  stop  and  a 
nonreturn  valve  placed  in  the  line  close  to  the  8-in.  header. 
The  300-hp.  boilers  are  piped  through  nonreturn  valves 
and  stop  valves  in  the  7-in.  leads  to  a  10-in.  header 
which  runs  along  the  wall  separating  the  boiler  and  pump 
rooms.  The  8-  and  10-in.  headers  are  tied  together  by  a 
4-  and  6-in.  pipe,  each  provided  with  stop  valves  so  tliat 
any  section  of  header  connected  to  any  particular  battery 
of  boilers  can  be  cut  out  of  service.    In  like  manner  the 
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boilers  and  that  part  of  the  10-in.  header  in  No.  2  boiler 
rooms  can  be  cut  out  of  the  line. 

The  6-in.  steam  line  in  the  pump  room  is  of  the  loop 
design.  It  is  connected  to  the  10-in.  header,  as  indicated 
and  runs  to  the  far  end  of  the  pump  room,  returning 
about  midway  of  the  room,  and  connecting  to  the  outer 
end  of  the  10-in.  header.     A  5-in.  branch  pipe  supplies 
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-T  Tinmp.    The  rertieal  pump  is  connected 

a  4-in.  pipe-    And  two  5-in.  brancli 

rbine-driven  pump  and  the  generator 

Tiie  two  other  duplex  pumps  are  connected  to 

--"n.  pipes.    The  branch  to  the  compressors  is  of 

er  room  a  2-in-  auxiliary  pipe  line  is  eon- 

0  ihe  10-in.  header  at  each  end,  from  the  under 

^  is  Stted  with  a  ralTe  in  each  connection  so  that 

.f  ::ne  can  '  '  ■^  header  at  each  end.  thus 

irins  the  ft  o  sources  of  steam  supply 

!  ca^  an  acvuc..     i...  .•  _;   to  any  part  of  the  10-in. 


Fig.  S.  PrptKG  or  the  Bohee-Feed  PrMPs 

eader."*     A  3-in.  steam  pipe  drops  from  tlie  auxiliary 
eader  to  each  boiler-feed  pump. 
The  well  centrifugal  pump,  generator  engine  and  air 

:  jsors  exhaust  into  a  Itt-in.  pipe,  which  runs  length- 

i-d  about  through  the  center  of  the  pump-room 

i^-iiicjii.     This   eonnec-ts  to  a    14-in.   header  running 

cross  the  boiler-room  end  of  the  pump-room  basement 

»  the  feed-water  heater  in  Xo.  "2  boiler  room.     The  ex- 


through  the  4-in.  underground  line  to  which  each  pump 
is  connected  by  a  "J-in.  pipe  for  the  smaller  pumps  and  a 
3-in.  pipe  from  the  larger  pump.  A  third  source  of  feed- 
water  supply  is  by  the  two  injectors,  which  discharge 
through  a  2-ia.  line  to  the  rear  of  the  drum  of  the  boil- 
ers. This  system  calls  for  two  feed  headers  at  the  boil- 
ers, one  above  the  firing  door,  the  other  in  front  of  the 
steam  drums  and  above  the  boiler  fronts.  These  2-in. 
headers  are  c-onnected  at  the  ends  and  so  fitted  with 
valves  that  various  combinations  can  be  made  to  maintain 
the  boiler  feed  in  case  of  accident  to  either  of  the  feed 
lines. 

The  pump-room  basement  is  encircled  by  two  pipe 
lines.  One  is  of  4  in.  diameter  and  supplies  water  for 
printing  the  various  pumps  through  branch  lines.  Th' 
other  pipe  line  is  provided  with  valves  and  connection  > 
for  3^-in.  hose  and  supplies  hot  water  for  washing  down 
the  floors,  etc.  Tlie  waste  water  goes  to  a  hotwell  and  is 
discharged  to  waste. 

MiSCEIXAXIOCS 

Operation  of  the  station  is  by  two  shifts  of  11  and  13 
hx. -respectively.  Metal  lockers  are  provided  for  the  mcD 
and  hot  and  c-old  water  in  the  wash  room,  where  there  i- 
a  shower  bath  and  toilets. 

At  the  end  of  the  boiler  house  is  a  small  machine  shop 
for  making  light  repairs.  The  machines  are  driven  by  a 
7x7-in-  vertical  steam  engine.  A  stock  room  contains 
metal  bins  for  pipe  fittings,  etc.  A  first-aid  cabinet,  for 
possible  injuries  is  placed  where  it  is  easily  acc-essible. 

The  building  is  illuminated  by  96  sixty-watt  tungsten 
lamps,  the  fixtures  being  of  verdi  antique  finish.  Flush 
wall  receptacles  at  various  points  for  extension  c-ords 
furnish  convenient  light  for  repair  work  about  the  pump>. 

Contemplated  improvements  at  the  plant  include  tl- 
installation  of  a  c-entrifugal  pump  to  displac-e  the  air  com- 
pressors and  putting  in  two  more  12,000,000-gal.  pumps 
to  replace  the  old  reciprocating  pumps,  and  to  also  pro- 
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iler-feed  pumps  also       ; into 

he  14-in.  exhaust  line.    The  heater  is  ccMinected  with  a 
4-in-  atmospheric  exhaust  line. 

The  piping  of  the  boiler-feed  pumps  is  shown  in  Fig. 
L  Two  souroK  of  bofler  feed  are  obtained  from  each 
tump:  one  through  the  2-in.  overhead  line:  the  other 

TTfae  steam  ooniaectioii  to  tlie  two  <Ex4xfi  pnsaps  is  1  in. 
FhOe  tlie  steals  oomiectJ<nj  to  the  l6xtxlO  pomp  is  2  in. 


-  —  -  Harrison  Saiety  Boiler  W.:-. 

.-J.:-  .  .  .      Heine  CMmtiey  Co. 

ti-rr  pressure. Wm.  Sellers  ^  Co. 

Bmlder^  Iron  Foundry  Co. 

vide  suiScient  purap  capacity  for  the  increasing  dernijiid 
on  the  station. 

The  writer  is  indebted  to  L.  C.  Manz,  assistant  erji'i- 
neer  and  superintendent,  who  designed  the  new  pumpi:  - 
station,  and  to  Harry  Bacharach,  Director  of  Parks  ai. 
Public  Property,  in  whom  the  supervision  of  the  depart- 
ment is  vested,  for  data  contained  herein. 

L.  Van  Gilden  is  engineer  and  superintendent. 
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Task  Setting  for  Firemen 


Walter  N.  Polakov,  in  a  paper  presented  under  the 
above  title,  at  the  recent  meeting  of  the  American  So- 
ciety of  Mechanical  Engineers,  describes  an  investigation 
made  under  his  direction  of  the  fire-room  methods  em- 
ployed at  the  Warrior  Eidge  Station  of  the  Penn. 
Central  Light  &  Power  Co.,  the  methods  adopted  to  im- 
prove the  efficiency  and  the  results  obtained.  He  proceeds 
at  first  to  determine  the  maximum  .efficiency  of  the  plant 
under  operating  conditions,  and  then  to  provide  that  tliis 
efficiency  shall  be  maintained,  not  during  a  few  hours  or 
days  that  the  test  is  being  run,  hut  continually. 

The  well  known  fact  that  the  high  efficiency  attained 
by  experts  during  the  boiler  tests  is  seldom  maintained 
in  everyday  practice  is  due  to  gross  neglect  on  the  part 
of  the  management  to: 

«..  Eecord  the  conditions  causing  the  high  efficiency 
during  the  tests. 


Fig.   1.    Dial  of  Steam-Flow   Meter  with   Special 
Scales  for  Use  As  Fireman's  Indicator 

b.  Instruct  the  men  how  to  regulate  these  conditions 
in  order  to  duplicate  the  test  results,  and 

c.  To  provide  an  incentive  to  the  men  for  striving  for 
the  purpose  desired  by  the  management  or  owners. 

A  continuous  test  extending  over  80  days,  made  to 
determine  the  results  of  the  existing  practice,  indicated  a 
combined  efficiency  of  boiler  and  grate  of  52.37  per  cent. 
A  13-hr.  test,  during  which  a  deliberate  attempt  was 
made  to  make  a  favorable  showing  under  those  conditions, 
resulted  in  an  efficiency  of  67.94  per  cent.  Analysis  and 
improvement  of  these  conditions  raised  this  efficiency  to 
77.66  per  cent.,  which  was  adopted  as  the  practical  maxi- 
mum for  this  plant. 

The  next  question  was  to  ascertain  what  would  be  the 
reasonable  limit  below  which  no  fireman  should  allow 
his  efficiency  to  drop.  In  this  connection  the  factors  be- 
yond the  control  of  the  fireman  were  to  be  considered, 
viz.,  sudden  fluctuation  of  load  and  impracticability  to 
analyze  gases  every  few  minutes,  drop  of  attention  every 


40  min.  for  a  period  of  11  to  20  min.,  and  the  effect  ot 
cooling  oil  heating  surface  and  furnace  walls  during  the 
cleaning  of  fires  (the  allotted  time  for  this  was  set  on 
time  study  as  18  min.  per  100  sq.ft.  of  grate  surface). 
On  the  other  hand,  there  was  made  a  correction  for  blow- 
ing off  the  boiler  once  in  every  24  hr.  which  credited  the 
boiler  with  so  much  metered  water  and  debited  it  with  so 
many  heat  units  in  the  same  amount  of  water  at  the  boiler 
temjjerature.  As  a  result  of  these  investigations  and 
studies  it  was  found  that  the  standard  for  the  task  should 
be  set  at  70  per  cent,  combined  boiler  and  gTate  effi- 
ciency. 

It  is  interesting  to  note  that  all  the  officials  of  the  con- 
cern, and  the  representative  of  the  boiler  maker,  con- 
sidered the  task  on  this  basis  too  high,  and  that  accom- 
plishment of  it  would  be  out  of  the  question.  The  only 
arg-ument  that  obtained  its  temporary  approval  was  that 
it  was  easier  to  reduce  the  task  in  the  future,  if  not 
feasible  to  accomplish  it,  than  to  make  it  liigher.  The 
fourth  month  of  the  test  work,  however,  proved  that  73.1 
per  cent,  of  boiler  and  grate  efficiency  was  permanently 
maintained,  effecting  for  the  company  a  gross  saving  of 
approximately  25  per  cent,  on  the  fuel  bill  alone.  This 
was  accomplished  without  heavy  investment  for  improve- 
ment of  equipment  like  automatic  stokers,  special  grates, 
force-draft  fans,  soot  blowers,  etc.  The  only  expense  was 
for  a  few  instruments  for  the  guidance  of  the  firemen  in 
their  work  of  living  up  to  the  instruction  card. 

As,  with  other  conditions  equal,  the  weight  of  steam 
is  in  direct  proportion  to  the  weight  of  fuel  burned,  the 
first  instrument  necessary  for  iirforming  the  firemen  as 
to  how  much  coal  to  put  in  the  furnace,  is  a  meter  indi- 
cating the  output  of  the  boiler,  but  as  this  proportion  is 
constant  only  at  a  given  condition  of  combustion,  the  fire- 
men have  to  be  informed  at  all  times  as  \.j  what  these 
conditions  are.  Since  complete  combustion  requires  a 
strictly  defined  quantity  of  air  per  pound  of  fuel  of  given 
composition,  we  have  to  know 

a.  Composition  of  fuel. 

b.  Eate  of  firing. 

c.  Eate  of  air  supply. 

In  most  cases  it  is  possible  to  obtain  fuel  of  practically 
uniform  analysis,  so  that  the  first  variable  may  be  taken 
as  a  constant.  The  rate  of  firing  is  indicated  by  the 
steam-flow  meter  inasmuch  as  conditions  of  combustion 
are  uniform.  The  last  factor,  then,  the  quantity  of  air 
to  be  supplied  per  minute  to  the  furnace,  is  the  factor 
which  must  be  controlled. 

This  reasoning  leads  to  the  conclusion  that  for  prac- 
tical guidance  the  fireman  needs  at  least  three  instru- 
ments : 

a.  Indicating  steam  meter. 

b.  Draft  gage. 

c.  Indicator  for  the  coordination  of  the  condition  of 
firing  with  the  load  carried  by  the  boiler  at  any  moment. 

The  author  found  the  General  Electric  steam-flow 
meter  of  the  indicating  type  satisfactorily  to  serve  the 
third  mentioned  purpose.  He  arranged  on  the  dial  of  the 
steam-flow  meter  an  inside  dial,  as  shown  in  Fig.  1,  with 
numbers  indicating  the  required  thickness  of  fuel  bed 
corresponding  to  the  number  of  pounds  of  steam  drawn 
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from  the  boiler,  and  a  third  dial  with  numbers  indicating 
the  draft  which  is  necessary  and  sufficient  to  supply  the 
required  quantity  of  air  for  the  combustion  at  a  rate 
called  for  by  the  indicated  steam  demand.  Thus  if  the 
pointer,  as  in  Fig.  1,  shows  that  steam  is  flowing  from 
the  boiler  at  a  rate  of,  say,  14,000  lb.  per  hour,  the  fire- 
man will  know  that  the  figure  four  under  the  pointer  on 
the  middle  scale  means  that  a  draft  of  0.4  in.  of  water 
is  needed,  and  that  the  location  of  the  pointer  on  the  in- 
ner scale  between  the  figures  sLx  and  seven  calls  for  a 
thickness  of  fires  of  from  6  to  7  in. 

The  next  information  vitally  important  for  the  fireman 
is  the  frequency  with  which  his  furnace  must  be  coaled 


Various  schemes  have  been  used  as  the  basis  of  task 
setting  for  firemen,  which,  to  the  author's  knowledge, 
have  always  created  dissatisfaction.  Certain  of  these  are 
as  follows: 

A.  The  cost  of  steam  generated  was  used  for  the  basis 
of  the  task  in  the  boiler  room  of  a  large  cement  plant,  and 
a  premium  oifered  for  the  reduction  of  this  cost,  but  as 
the  firemen  have  no  control  over  the  purchase  of  fuel, 
maintenance  of  equipment,  etc.,  as  this  task  involves  the 
standardizing  of  conditions  of  combustion  for  which  no 
instruments  were  provided,  and  as  no  definite  standard  or 
aim  was  set  before  them,  the  scheme  was  soon  abandoned. 

7).     A   high  percentage   of   CO.   in   the   flue  gas  was 
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DIRECTIONS  FOR  USE:- 

l-Find  on  pressure  scale  lb.  per  scf.  In.  of  observed  steam. 

i-Find  fhs  curve  of  constant  superheat. 

i- Place  feed  temperature  mark  on  slidini^  scale  on  the  horizontal  line  at  intersection 

of  constant  superheat  and,  pressure,  ordinate. 
1-Read  factor  of  evaporation  correct  for  cjiven  superheat  on  the  leftside  outer  scale 

opposite  arrow (•'^r')  on  the  side. 


Fig.  2.  Slide  Eule  Used  for  Determination  op-  Factors  of  Correction 


to  keep  the  fire  in  best  condition.  The  method  adopted 
by  the  Italian  Xavy  is  accepted  by  the  author  as  most 
satisfactory,  consisting  cliiefly  in  bell  signaling  at  in- 
tervals in  proportion  to  the  load  carried  by  the  boilers, 
which  signaling  is  regulated  by  clock  mechanism  con- 
nected with  a  flow  meter.  For  this  purpose  the 
counter  of  the  feed-water  weigher  supplying  water  to  the 
entire  boiler  house  rings  the  bell  every  time  a  certain 
number  of  thousands  of  pounds  of  water  is  fed  to  the 
boilers,  thus  giving  notice  to  the  fireman  that  an  ade- 
quate number  of  shovelfuls  must  be  thrown  into  each  fur- 
nace. This  number  is  easily  determined,  since  the  weight 
of  a  shovelful  of  coal  is  known,  and  the  rate  of  apparent 
evaporation  at  the  given  condition  of  firing  is  a  constant. 
Consideration  is  then  given  to  the  calculation  of  the 
different  efficiencies. 


adopted  as  a  task  basis  for  firemen  in  several  plants,  but 
the  men  were  not  trained,  nor  were  they  even  shown  how 
to  obtain  it.  When  they  occasionally  attained  the  mark, 
the  question  remained  undecided  whether  high  percentage 
of  carbon  dioxide  was  coincident  with  the  most  economi- 
cal steam  generation  or  not,  and  the  method  proved  gen- 
erally unsatisfactory. 

C.  A  high  percentage  of  CO^  and  low  percentage  of 
combustible  in  the  ashes  were  factors  upon  which  another 
attempt  was  made  to  specify  more  definitely  the  fireman's 
task.  The  question  remains,  however,  whether  the  con- 
ditions which  the  fireman  must  observe  to  attain  the  task 
and  produce  gas  rich  in  carbon  dioxide,  and  an  ash  with 
little  carbon,  are  actually  the  best  for  transmitting  the 
heat  of  the  gases  to  the  water  and  steam,  and  whether  at 
any  load  the  same  standard  is  equally  beneficial. 
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Fio.  3.    Power-Plant  Log  Calculator 


D.  A  limit  on  coal  consumption  as  a  task  for  railroad 
iremen  was  favored  at  one  time.  This  idea,  probably  the 
nost  ridiculous  and  illogical,  soon  demonstrated  its  own 
weakness,  and  has  been  almost  entirely  abandoned. 

The  measurement  of  the  extent  of  task  accomplishment 
;an  be  approached  from  either  end,  but  it  is  more  con- 
?enient  to  figure  out  the  result,  and,  if  this  is  below  the 
standard,  to  turn  to  the  record  of  conditions  and  there 
ocate  the  cause  of  the  discrepancy  between  the  required 
•esults  and  those  obtained.  A  gage  for  the  measurement 
)f  the  degree  of  fullfilment  of  task  conditions  is  offered 
by  the  thermal  efficiency  of  grate,  furnace 
aid  boiler  corrected  for  factors  beyond  the 
ireman's  control. 

Actually  to  calculate  the  efliciency  of  the 
3oiler,  furnace  and  grate  is  a  tedious  pro- 
cedure, and  is  never  done  in  power  plants 
'or  a  day,  shift,  fireman  or  gang  of  firemen 
.vorking  in  teams.  The  simple  method 
R^orked  out  by  the  author  for  use  at  the 
Warrior  'Ridge  station  requires  the  follow- 
ng  data : 

Coal  records  from  store  issue  tickets  and 
3oal  passers'  reports  compiled  every  eight 
:iouTs. 

Heat  value  of  fuel  determined  by  bomb 
lalorimeter  and  value  of  coal  in  B.t.u. 
snown  for  each  coal  pocket. 

Amount  of  water  fed  to  boiler  (banked 


boilers  fed  separately)  ascer- 
tained for  same  period. 
Temperature  of  feed  water. 
Steam  jiressure. 
Degrees  of  superheat. 
These  data  are  turned  over 
to  the  station  clerk  who,  from 
the  slide  rule  shown  in  Fig. 
2,  ascertains  the  factor  of 
evaporation  on  the  basis  of 
absolute  boiler  pressure,  tem- 
perature of  feed  and  of  super- 
heat, and  by  means  of  the 
power-plant  log  calculator. 
Fig.  3,  he  determines :  the 
actual  evaporation  ratio;  the 
factor  of  evaporation;  the 
efficiency  of  steam  genera- 
equivalent  evaporation ;  the 
tion  ;  the  cost  of  fuel  per  1000 
lb.  of  steam;  all  per  watch 
or  per  man.  The  results  of 
these  computations  are  en- 
tered upon  the  daily-report 
form,  Fig.  -1.  The  whole  pro- 
cedure takes  on  the  average 
18  min.  of  the  clerk's  time. 
Every  case  of  failure  on 
the  part  of  any  fireman  to  se- 
cure on  his  watch  the  com- 
bined boiler,  furnace  and 
grate  efficiency  of  70  per 
cent,  or  above,  is  immediate- 
ly investigated  by  studies  of 
other  records  and  recording 
charts  of  drafts,  temperature  of  escaping  gases,  nature 
of  boiler  refuse,  etc.,  and  if  no  reason  can  be  found  there, 
an  examination  of  the  physical  condition  of  the  equip- 
ment and  apparatus  is  made.  The  result  of  this  investi- 
gation is  recorded  on  a  form  for  cause  of  lost  bonus.  Fig. 
5.  This  method  is  particularly  valuable  and,  outside 
of  its  direct  advantages,  provides  an  additional  and  con- 
tinuous training  of  the  men  in  careful  observation  of 
harmful  factors  of  the  slightest  nature. 

Every  fireman  is  given  a  daily  bonus  slip.  Fig.  6,  by 
which  he  is  informed  as  to  the  results  of  his  work  before 
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■ling  back  to  the  next  watc'h  aiul.  moreover,  while  lie 
ic  proceeding  with  his  work,  he  has,  in  addition  to  the 
previously  mentioned  instruments  indicating  the  condi- 
tion of  firing,  continuous  information  as  to  results  that 
are  being  attained  up  to  any  moment  of  his  watch.  This 
is  accomplislied  by  having  the  coal  weighing  and  water 
metering  so  balanced,  that  an  even  number  of  dumps  of 
feed  water  and  dumps  of  coal  indicates  that  the  ratio  of 
evaporation  is  on  the  safe  side  of  the  requirements. 
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Recokd  of  Cause  of  Lost  Boxrs 


The  record  of  attainment  of  the  tasks  by  firemen  de- 
vised by  H.  L.  Gantt,  and  shown  in  Fig.  7,  was  adopted 
for  general  use  by  the  above  mentioned  public-utility 
company.  The  illustration  of  this  record  kept  from  the 
start  of  task  work  at  the  Warrior  Ridge  station  shows 
steady  improvement  and  better  habits  of  the  men.  While 
the  May  record  shows  only  68.7  per  cent.  eflBcieucy  of 
boiler  and  grates  for  the  whole  plant,  the  last  mouth  on 
the  record  showed  an  efficiency  of  73.1  per  cent.  The 
number  of  day  men  falling  short  on  the  task  is  steadily 
decreasing.  The  number  of  men  absent  is  chieiiy  due 
to  days  oli  and  summer  vacations,  for  the  men  work  seven 
days  a  week.  The  departure  from  the  principle  of  sep- 
arate man's  record  made  by  the  writer  at  first  involuntar- 
ily, proved  to  be  so  gratifying,  creating  as  it  did  a  strong 
spirit  of  team  work,  that  he  has  never  attempted  to  split 
the  record  of  two  or  three  men  working  jointly  firing 
one  batter)'  of  boilers. 

It  will  be  understood  that  the  men  are  paid  a  regular 
day's  wage.  In  addition,  those  who  accomplish  the  task 
which  has  been  set  them,  in  this  case,  the  maintenance  of 
a  combined  boiler,  furnace  and  grate  efiiciency  of  70 
per  cent,  are  paid  a  bonus.  The  maximum  bonus  would 
be  equal  to  the  amount  of  net  saving  accomplished  under 
given  circumstances,  while  the  minimum  bonus  is,  of 
course,  equal  to  zero.  When  the  bonus  to  be  paid  actually 
reaches  either  of  these  limits,  it  will  lose  its  usefulness 
since  it  loses  its  stimulating  effect,  with  the  management, 
if  the  maximum,  and  v\'ith  the  men,  if  the  minimum. 
Since  in  a  average  boiler  house,  the  task  results  in  about 
25  per  cent,  saving  on  the  coal  bill,  while  the  firemen's 
payroll  is  from  10  to  15  per  cent,  of  the  coal  bill,  it  is  evi- 
dent that  there  is  a  considerable  latitude  for  the  adjust- 
ment of  bonus. 

In  a  boiler  house,  the  amount  of  work  per  man  per 
hour  is  constant  and  cannot  be  increased  without  knock- 
ing down  the  eSiciency  to  a  ridiculously  low  figure,  but 
the  number  of  foot-pounds  of  work  can  be  reduced  in  an 
inverse  ratio  to  the  increase  of  efficiency,  so  that  the  ques- 


tion of  preservation  of  a  man's  health,  etc.,  eliminates 
any  consideration  of  overspeeding.  The  conditions  which 
were  named  for  consideration  are  temperature  of  the 
room,  ventilation,  lighting,  drinking  water,  restful  seats 
ajid  sanitary  washrooms. 

One  familiar  with  the  common  layout  of  a  power  plant 
cannot  overemphasize  the  importance  of  the  above  con- 
ditions to  enable  the  men  to  live  up  to  their  tasks  day  in 
and  day  out.  While  engine  rooms  not  infrequently  oifer 
very  pleasant  and  sanitary  surroundings,  boiler  houses, 
the  most  important  part  of  any  plant,  are  so  built  as  to 
make  them  unbearably  cold  in  winter  and  uncomfortably 
liot  during  the  summer.  A'entilation  apparently  serves 
either  to  fill  the  lungs  with  coal  dust  or  to  chill  the  per- 
spiring men  after  cleaning  their  fires.  Lighting  is  an  un- 
usual luxurj',  so  that,  after  looking  into  the  furnace,  no 
man  can  read  his  gages  or  examine  anything  about  the 
boiler.  Good  drinking  water  is  rarely  provided  and  rest- 
ful seats  with  backs  (seats  without  backs  are  equal  to  no 
seats  at  all)  were  never  found  by  the  writer  in  any  boiler 
house;  yet  the  mere  fact  that  the  firemen,  if  provided 
with  seats  having  backs,  can  get  through  the  cleaning  of 
fires  in  18  min.  per  100  sq.ft.,  while  without  them,  they 
consume  at  best  24  min.,  apparently  should  convince  any 
unbiased  mind. 

Finally,  the  time  element  in  relation  to  task  setting  for 
men,  particularly,  if  the  work  requires  a  considerable 
strain,  must  be  settled  by  examination  no  less  careful 
than  the  study  of  the  time  rate  of  driving  boilers.  When, 
ho-n'ever,  as  in  the  case  of  firemen,  both  physical  strain 
and  attention  are  required,  it  was  found  that  with  strong. 
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Fig.  6.   Dailt  Bonds  Statement  to  Firemen 

healthy  individuals  the  limiting  fact  or  number  of  hours 
of  profitable  work  is  set,  not  by  phj-sical  exhaustion  but 
by  weariness  of  spirit.  Other  conditions  being  equal,  a 
fireman  on  a  12-hr.  watch  is  found  to  be  about  4.5  per 
cent,  less  efficient  than  the  same  man  on  an  8-hr.  shift. 

This  time-limiting  factor  on  human  efficiency,  taken  ini 
conjunction  with  a  scientific  certainty  in  determination 
of  the  most  advantageous  thermal  efficiency,  forms  the 
ground  on  which  the  author  rejected  the  sliding  scale  of 
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1 us  'based  on  results  exceeding  the  task  set  by  various 

degrees.  The  task  set  must  be  so  little  below  the  most 
advantageous  point,  that  it  could  be  reached  with  great- 
est benefit  to  all  concerned,  and  it  is  not  desirable  either 
to  fall  short  of  or  to  considerably  over-reach  it.  Offering 
extra  compensation  for  excess  of  the  task  requirements 
means,  in  the  final  analysis,  either  that  the  investigator 
has  not  correctly  determined  both  limits  or  that  the  man- 
agement tempts  a  man  to  do  nunc  than  the  average  em- 
ployer dares  to  ask  directly. 

Discussion 

William  Kent  criticized  the  method  of  jiresentation 
and  the  mathematics  of  the  paper,  and  took  particular 


ate  between  the  men  in  any  other  way  than  to  get  the 
right  sort  of  firemen  and  to  get  rid  of  the  men  who  were 
poor.  Ill  a  station  where  bonuses  are  paid,  the  men  soon 
find  out  that  the  man  who  carries  his  fire  the  most  uni- 
form and  steady  is  the  one  who  gets  the  best  efficiency. 
The  poor  fellows  who  are  working  hard  and  trimming 
their  fires  and  making  the  steam,  because  they  do  not 
know  the  methods  employed  by  the  other  men,  are  penal- 
ized, and  will  fall  back,  and  the  result  is  that  there  will 
be  a  feeling  between  the  men,  and  they  will  work  against 
each  other. 

Of  two  plants  one  may  run  coniiiaratively  steady  and 
the  other  carry  a  swinging  load.  The  plant  which  is  run- 
ning  steady   will   ha\e  a   much   higher  output  than   the 
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exception  to  a  diagram  purporting  to  show  the  relation 
between  efficiency  and  rate  of  driving  for  boilers  of  dif- 
ferent types.  One  type  of  boiler  is  as  efficient  as  another 
if  properly  set  and  operated.  The  owner  had  tried  to  go 
too  far  in  his  mathematical  analysis  and  had  not  gotten 
anywhere. 

D.  S.  Jacobus,  of  the  Babcock  &  Wilcox  Co.,  said  that 
frequently  after  getting  up  the  efficiency  of  a  plant  to  a 
high  figure  lie  had  endeavored  to  get  the  management  to 
introduce  some  sort  of  a  bonus  system.  He  had  not,  how- 
ever, attempted,  and  did  not  believe  it  possible,  to  get  up 
a  system  where  the  men  will  individually  be  paid  bonuses. 
The  whole  organization  of  the  boiler  room  must  be  taken 
toi'ether,  and  he  did  not  believe  that  one  could  differenti- 


other.  and  the  firemen  who  have  a  swinging  load  will  a|i- 
parently  be  less  efficient,  while  the  firemen  who  have  the 
steady  load  will  have  a  higher  efficiency.  It  is  hard  to 
cover  that  point  with  a  bonus  system.  The  other  way 
of  handling  the  situation  is  to  put  the  .right  sort  of  a  man 
in  charge  of  the  boiler  room  and  make  him  responsible 
for  getting  the  right  kind  of  a  result. 

He  did  not  believe  that  the  general  idea  that  the  fire- 
men are  always  against  any  improvement  is  correct.  He 
had  had  considerable  experience  with  going .  into  fire 
rooms  and  getting  the  best  out  of  the  men.  If  the  men 
once  see  that  you  are  with  them  they  will  be  with  you.  No 
one  can  go  into  a  boiler  room  and  present  a  lot  of  half- 
baked  ideas  and  expect  the  firemen  to  follow  them  and 
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0  be  jumped  on  for  something  which  may  not  work  right. 

1  you  go  in  and  the  iiremen  feel  and  know  in  a  certain 
;ense  that  you  are  one  of  them,  you  can  get  the  men  to  do 
vhat  you  want.  It  is  seldom  that  one  can  apply  the 
>onus  method  satisfactorily,  but  you  can  put  a  live  man 
11  charge  and  give  the  men  some  increase  in  pay  in  pro- 
)ortion  to  the  amount  that  they  can  save  by  really  ex- 
jrting  themselves  to  the  utmost.  He  agreed  with  Mr. 
Kent  that  the  author's  method  of  getting  at  what  a  boiler 
;hould  do  is  quite  incomplete.  For  example,  as  far  as  he 
>ould  see,  there  was  nothing  to  connect  the  baffle  arrange- 
ncnt  in  the  particular  boiler  with  the  efficiency;  but  by 
■hanging  the  baffles  in  a  particular  boiler  you  can  alter 
he  heat  transmission  50  to  100  per  cent. 

n.  G.  Stott,  of  the  Jnterborough  Rapid  Transit  Co. 
)f  Xew  York,  also  took  issue  with  the  curve  which  pur- 
jorted  to  show  the  most  economic  loading  for  various 
ypes  of  boilers.  His  experience  is  that  the  type  of  boiler 
las  very  little  to  do  with  the  question.  It  is  entirely  a 
juestion  of  the  furnace,  the  combustion  of  the  fuel,  and 
me  can  perfectly  easily  drive  a  boiler  np  to  400  per  cent. 
)f  the  rating  or  even  more.  The  point  as  to  whether  the 
rubes  are  arranged  in  one  direction  or  another  is  imma- 
erial.  In  the  table,  the  fire-tube  boiler  with  superheater 
s  given  as  the  most  economical  one.  He  did  not  think 
his  was  quite  so.  He  had  had  efficiencies  on  the  regular 
Babcock  &  Wilcox  boiler  equal  to  those  shown  in  the 
'urve.  and  this  boiler  can  be  carried  to  practically  an  un- 
imited  rating.  It  must  not  be  forgotten  that  there  is 
nixed  up  with  this  question  another,  which  it  is  absolutely 
mpossible  to  separate  from  the  consideration  of  the  mat- 
er, and  that  is  the  economics  of  the  plant.  The  efficiency 
nay  be  run  down  during  the  peak  load  to  60  per  cent., 
ind  yet  the  operation  be  more  economical  when  the  fijsed 
'barges  are  taken  mto  consideration  than  when  the  plant 
s  running  at  80  per  cent.  WTieu  running  at  SO  per  cent., 
he  boilers  must  be  run  at  about  TO  per  cent,  of  the  so 
•ailed  rating,  and  if  the  fixed  charges  and  the  operating 
barges  are  plotted,  it  will  be  found  that  their  sum  is 
■elatively  unimportant  for  the  two  or  four  hours  a  day 
luring  which  the  peak  load  exists.  The  important  thing 
s  to  take  the  fLxed  charges  into  account  and  to  keep  down 
he  number  of  boilers  on  the  line  and  also  the  number  of 
)anked  boilers. 

He  is  thoroughly  in  favor  of  educating  the  firemen, 
mt  from  a  different  point  of  view.  He  believes  that  with 
nodern  equipment  in  the  boiler  room  we  should  no  longer 
lave  firemen  at  all  but  combustion  engineers.  The  time 
las  gone  by  when  wc  are  going  to  take  an  illiterate  man 
md  train  him  to  be  an  expert  in  combustion.  We  do  not 
hink  of  doing  this  in  our  construction  or  engineering 
rork.  On  that  work  we  employ  men  who  have  graduated 
rom  technical  schools.  He  presumed  that  we  cannot  get 
hat  type  of  man  to  go  into  the  boiler  room  yet :  but  the 
ime  is  coming  when  we  will  be  willing  to  pay  more  to 
he  man  who  operates  the  boiler  than  to  the  man  who 
iperates  the  turbine  room  or  the  engine  room,  because 
ne  can  make  no  change  in  the  economy  of  a  plant  and  the 
ither  can  make  from  5  to  10  per  cent,  difference :  so  that 
le  looks  for  the  time  when  we  can  completely  equip  a 
loiler  plant  with  modem  combustion  appliances,  with 
tokers  which  are  practically  automatic  and  require  little 
ttention,  and  then  we  must  have  engineers  and  not  fire- 
nen  at  all  in  the  boiler  room. 


R.  J.  S.  PiGOTT,  of  Columbia  University,  also  directed 
attention  to  the  diagram  purporting  to  show  the  economic 
loading  for  different  types  of  boilers.  He  said  that  there 
is  still  a  good  deal  of  misapprehension  among  engineers 
as  to  the  economic  point  of  loading,  either  of  the  boiler 
or  a  turbine.  The  efficiency  of  the  boiler  and  of  the  tur- 
bine has  much  the  same  characteristic;  namely,  there  is 
a  dome  or  high  point  at  some  place  in  the  load.  With  the 
turbine  it  is  usually  at  full  load  that  the  best  efficiency 
occurs.  Beyond  this  point  there  may  be  some  25  or  50 
per  cent,  capacity  allowed  for  overload.  The  best  loading 
oc-curs  very  low  in  the  total  capacity  of  the  boiler,  some- 
where about  one-third  or  one-quarter  of  the  maximum 
capacity.  The  total  rating  of  the  engine  room  consists 
not  ©nly  of  the  usual  rating  of  the  turbine  but  must  in- 
clude that  of  the  auxiliaries  necessary  to  run  the  turbine. 
In  other  words,  the  steam  rate  of  the  turbine  may  be  12 
or  13  lb.  per  kw.-hr.  at  its  best  load,  but  when  we  super- 
impose on  that  the  steam  required  to  drive  the  auxiliaries, 
the  water  rate  is  much  higher,  and  the  best  water  rate, 
including  the  auxiliaries,  is  at  a  higher  load  always. 

This  is  also  true  of  the  boiler  room.  The  auxiliaries 
required  to  drive  the  pumps,  forced-draft  fans  and  pos- 
sibly induced-draft  fans,  boiler-feed  pumps,  etc.,  must 
be  taken  into  account.  While  the  condenser  auxiliaries 
run  with  a  practically  constant  amount  of  steam,  no  mat- 
ter what  the  load  on  the  turbine  is,  the  units  of  the  boiler 
room  are  different,  and  require  somewhat  less  steam  at 
lighter  loads  than  at  full  load.  The  total  steam  con- 
sumption of  a  centrifugal  boiler-feed  pump,  for  instance, 
at  zero  delivery,  is  seldom  less  than  50  per  cent,  of  the 
steam  at  full  load  on  the  pumps.  If  the  steam  required 
for  the  auxiliaries  is  subtracted  from  the  total  steam  de- 
livered by  the  boilers,  and  the  result  divided  by  the  boiler 
horsepower,  it  is  usually  found  that  the  net  efficiency  of 
the  boiler  room  is  at  a  much  higher  load  on  each  boiler 
and  is  not  at  the  best  load  on  the  boiler  itself. 

Edward  A.  Fphlixg,  of  the  Fehling  Instrument  Co., 
said  that  one  thing  that  this  and  Mr.  Parker's  paper 
upon  the  Delray  boilers  had  brought  out  very  fully,  was 
that  in  order  to  obtain  boiler  efficiency  the  boilers  must 
be  tested  by  experts  and  put  into  proper  condition  for  get- 
ting high  efficiency.  Xext  and  just  as  important  is  the 
fact  that  means  must  be  furnished  to  the  boiler  room,  the 
fireman,  or  whoe\'er  is  in  charge,  to  maintain  the  effi- 
ciency that  has  been  attained.  This  cannot  be  done  by 
simply  making  a  test  once  in  a  while :  it  must  be  done 
continuously. 

There  may  be  and  doubtless  are  numerous  methods  by 
which  control  over  the  firemen  and  control  over  the  effi- 
ciency of  the  boilers  can  be  maintained.  One  way  is  to 
measure  the  water  that  goes  in  with  the  coal  and  the 
steam  flow.  Correlate  these  items  and  you  know  what  the 
fireman  has  done.  Another  way  is  to  control  the  com- 
bustion, the  rate  of  driving  the  furnace,  and  also  the  heat 
which  is  wasted  up  the  chimney.  Either  of  these  meth- 
ods will  suffice  to  obtain  the  proper  regulation.  The 
question  is,  which  is  the  better,  which  is  the  cheaper  in 
installation.  For  the  last  a  CO.,  instrument  is  necessary. 
We  have  heard  considerable  about  the  difficulty  of  keep- 
ing these  instruments  in  operation.  There  is  less  diffi- 
culty in  keeping  the  CO,  recorder  in  operation  than  in 
keeping  a  pump  in  operation.  The  situation  is  this :  The 
man  who  is  in  charge  of  the  pump  is  discharged  if  he 
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does  not  keep  it  running  properly.  There  is  nobody  in 
responsible  charge  of  the  C'0„  instrument,  and  if  it  is 
Diit  of  order  today  they  say,  "We  will  fLx  it  tomorrow," 
uid  that  is  why  it  is  not  always  kept  up  to  the  mark. 

There  are  installations  where  they  have  20  units,  each 
fitted  with  a  pyrometer  and  a  CO2  recorder,  which  instru- 
ments are  kept  in  perfect  order  by  an  illiterate  Italian. 
He  may  not  understand  all  about  the  scientific  principles 
jf  the  instruments  but  he  knows  just  what  to  do.  The 
water  level  has  to  be  kept  up,  the  clock  has  to  be  wound, 
^nd  the  absorbing  reagents  to  he  changed.  When  that 
is  done  properly,  and  the  filters  are  taken  care  of,  that 
is  all  there  is  to  it. 

As  to  the  capacity  of  a  boiler.  Doctor  Jacobus  referred 
to  the  fact  that  the  fireman  gets  onto  the  fact  that  if  he 
fires  easily,  he  can  get  a  high  CO,  and,  consequently,  get 
the  bonus,  and  the  poor  devil  who  is  making  the  steam 
Joes  all  the  work  and  gets  nothing.  Therefore,  it  is  nec- 
essary to  know  the  rate  of  driving,  and  when  the  rate  of 
driving  is  known  and  the  C0„  is  known,  and  the  stack 
:emperature  is  known,  you  can  give  individual  bonuses, 
md  that  is  the  only  way  in  which  you  can  select  the  best 
firemen.  You  can  tell  then  whether  each  fireman  is  doing 
ivhat  he  ought  to  do. 

Low-Pressure  Turbine  in  Veneer  Mill 

The  Astoria  Veneer  Mill  &  Dock  Co.,  of  Steinway,  L.  I., 
s  doing  a  large  business  in  hardwood  veneer  and  lumber. 
STaturally,  a  great  deal  of  power  is  required  to  handle 
he  logs  and  in  the  various  processes  of  manufacture. 
Some  of  this  power  is  svipplied  direct  by  engines  in  the 
ndividual  mills  and  some  by  motors  taking  current  from 
I  central  plant.  There  are,  of  course,  numerous  hoisting 
!ngines  and  steam  feeds  for  the  carriages  of  the  sawmills, 
md  at  times  as  much  as  500  hp.  in  boiler  capacity  is  re- 
juired  for  steaming  the  logs,  previous  to  trimming  oil 
he  veneer. 

To  supply  this  steam,  the  jDlaut  is  equipped  with  four 
J'arker  water-tube  boilers  aggregating  1500  hp.  There 
s  one  500-hp.  unit,  two  350-hp.  boilers  and  one  of  300- 
ip.  capacity.  The  fuel  is  sawdust  and  chips.  The  quan- 
ity  of  coal  required  is  usually  small,  but,  of  course,  varies 
i'ith  the  siipply  of  refuse.  All  the  slabs  and  edgings  from 
he  sawmill  are  ground  up  in  a  mill  hog  and  turned  into 
he  conveyor  which  carries  the  sawdust,  so  that  by  the 
ime  the  material  reaches  the  boiler  room,  the  fuel  is 
horoughly  mixed. 

In  the  veneer-cutting  room,  there  are  two  250-hp.  sim- 
ile engines,  one  of  Skinner  make  and  the  other  an  Erie. 
Phese  engines. are  belted  to  line  shafts  and  their  exhaust 
3  used  for  heating  and  drying  purposes.  In  the  cedar 
ail],  Avhich  turns  out  cigar-box  lumber,  there  is  a  50-hp. 
Urie  engine,  which  is  belted  direct  to  a  rotary  cutting 
iiachine.  Excluding  the  numerous  hoists  and  steam 
eeds,  previously  mentioned,  the  balance  of  the  power  is 
upplied  from  the  central  plant.  Here  is  a  350-hp.  Clark 
!ros.  20x2-t-in.  simple  engine,  which  is  belted  to  line 
hafting  supplying  power  to  the  sawmill.     There  is  also 

high-pressure  300-hp.  De  Laval  turbine  driving  two 
00-kw.  Crocker- Wheeler  generators  delivering  two-phase 
urrent  at  440  volts.  This  machine  supplies  a  large  num- 
er  of  motors  varying  in  capacity  from  3  to  140  hp. 
Naturally  all  of  these  motors  are  two-phase  and  are  dis- 
ributcd  throughout  the  various  mills.     The  turbine  ex- 


hausts into  an  old-style,  single-jet  Schutte  &  Koerting 
eductor  condenser  equipped  with  a  standpipe.  With  700 
gal.  of  water  per  min.,  the  condenser  is  capable  of  hold- 
ing a  vacuum  of  37  in.  A  15-hp.  Chandler  &  Taylor  en- 
gine belted  to  a  Ilobart  direct-current  generator  supplies 
the  lighting.  The  power  engine  and  this  unit  have  been 
run  noncondensing. 

With  the  installation  of  a  new  sawmill,  more  power  was 
required,  and,  to  obtain  this  power  with  little  or  no  ad- 
ditional steam,  a  mixed-pressure  turbine  was  installed 
by  the  Turbine  Equipment  Co.,  of  New  York  City.  This 
turbine  is  also  a  De  Laval  rated  at  200  kw.,  which  it  is 
designed  to  give  on  a  pressure  ranging  between  2  lb.  gage 
and  atmospheric.  The  turbine  drives  two  100-kw.,  two- 
phase  AUis-Chalmors  generators  at  a  speed  of  900  r.p.m. 
The  turbine  is  equipped  with  two  sets  of  nozzles,  one  for 
high-pressure  and  the  other  for  low-pressure  steam,  either 
of  which  may  be  used  as  conditions  demand.  From  all 
indications,  however,  there  will  be  plenty  of  exhaust  steam, 
the  main   source   being  the   350-hp.   engine  driving  the 
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older  sawmill.  A  connection  into  the  exhaust  main  sup- 
plying the  turbine  from  a  turbine-driven  pump  has  al- 
ready been  made,  and  it  is  the.  intention  to  make  other 
connections  so  that  the  exhaust  from  the  lighting  unit 
and  perhaps  from  the  steam  feeds  of  the  sawmill  may  he 
used. 

Naturally,  the  mixed-pressure  unit  is  operated  con- 
densing, a  vacuum  of  28  in.  being  obtained  by  a  Schutte 
&  Koerting  multi-jet  eductor  condenser  equipped  with  a 
vacuum  breaker.  In  this  installation  there  is  no  stand- 
pipe,  and  the  water  is  delivered  direct  from  the  pump 
into  the  condenser.  The  mixed-pressure  turbine  has  been 
in  operation  for  a  number  of  weeks  and  has  been  operated 
in  parallel  with  the  high-pressure  turbine,  although  favor- 
able conditions  are  required  for  this  method  of  operation. 
In  case  of  an  emergency,  Edison  breakdown  current  is 
available. 

As  the  fuel  has  been  largely  waste  from  the  plant,  no 
records  have  been  kept.  Previous  to  the  installation  of 
the  new  sawmill,  the  amount  of  this  refuse  was  just  about 
sufficient  to  fulfill  the  demands,  and  any  additional  power 
would  have  required  the  use  of  considerable  coal  under 
the  boilers.  With  the  present  arrangement  no  more  fuel 
is  required  and  enough  exhaust  steam  is  available  to  sup- 
ply the  new  unit,  so  that  the  additional  200  kw.  is  sup- 
plied practically  for  nothing,  excluding,  of  course,  in- 
terest and  depreciation  on  the  investment. 
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Long-Distance  Water- Level   Indicator 

By  a.  Y.  Youexs 

The  municipal  water-works  and  power  plant  at  i'alo 
Alto,  Calif.,  is  located  about  two  miles  from  ths  rein- 
forced-concrete  water-tower  storage  which  floats  on  the 
water-distributing  system. 

This  tower  is  of  cylindrical  form,  76  ft.  high  and  35 
ft.  in  diameter.  The  lower  part  of  the  tower  is  an  open 
room  for  use  as  an  auxiliary  pumping  station  while  the 
upper  section  forms  a  water  storage  of  155,000  gal.  ca- 
pacity. The  roof  of  the  pumping-station  room  is  of  dome 
shape  and  forms  the  bottom  of  the  water  reservoir.  The 
roof  of  the  tower  is  also  slightly  dome  shape  and  is  of 
reinforced  concrete.  Iron  steps  that  were  built  in  dur- 
ing the  construction  lead  to  the  top  of  the  outside  wall 
of  the  tower. 

As  it  is  not  a  particularly  desirable  job  to  climb  to  the 
top  of  this  wall  for  general  inspections  there  were  ob- 
jections to  the  regular  float  type  of  water-level  indicator. 
A  device  near  the  ground  was  much  to  be  preferretl. 

Experiments  were  made  with  a  mercury  column,  bal- 
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anced  against  the  water-tower  pressure,  having  a  float  in 
the  mercury  by  means  of  which,  through  a  cord,  we  in- 
tended to  actuate  a  sliding  contact.  The  float  in  mercury 
was  not  a  success  as  its  response  to  changing  of  mercury 
level  was  not  sensitive  or  reliable.  The  float  idea  was 
dropped  but  the  mercury  column  was  retained  and  has 
worked  out  successfully  in  the  water-level  indicator  de- 
scribed below. 

Eeferring  to  the  illustration,  the  bottom  of  chamber  A 
is  connected  by  Y^-in.  iron  pipe  to  the  bottom  of  the  con- 
crete water  tower.  Chambers  A  and  B,  both  made  of  iron 
fittings,  are  interconnected  by  short  iron  pipe  in  which 
an  insulating  joint  is  inserted.  A  %-in.  iron  pipe  C 
having  running  threads  at  the  lower  end  is  close  to  the 
bottom  of  the  chamber  B  and  a  reducer  D  into  the  top 


and  larger  end  of  which  is  screwed  a  hard-rubber  tube  E. 
the  bore  of  which  is  practically  the  same  as  the  Vi"'"- 
pipe,  is  provided.  Properly  spaced  and  entering  through 
the  wall  of  this  rubber  tube  are  25  iron  machine  screws 
which  correspond  to  a  25-ft.  working  range  of  water  level 
in  the  concrete  tower.  Each  screw  is  permanently  con- 
nected by  a  flexible  copper  wire  to  a  predetermined  point 
of  the  resistance  coil  on  the  wooden  drum  F.  The  low- 
est or  No.  1  screw  connects  to  one  extreme  end  of  the 
resistance  coil  while  the  other  end  is  connected  to  one 
side  of  a  galvanized-iron  line  leading  to  the  water-works 
two  miles  distant,  and  after  going  through  the  water- 
level  instrument  G  the  electrical  circuit  is  completed 
through  the  110-volt  secondary  of  the  transformer  and 
finally  connects  to  the  i/4-iu.  pipe  C. 

Chamber  A  and  its  connecting  pipe  to  chamber  B  are 
filled  with  transil  oil  which  is,  of  course,  a  good  insulator 
of  electricity.  As  already  stated  there  is  an  insulating 
joint  in  the  short  pipe  connecting  chambers  A  and  B. 
Therefore,  the  pressure  pipe  to  the  tower,  together  with 
the  water  column  it  contains,  is  insulated  electrically 
from  chamber  B. 

Chamber  B  contains  mercury  and  this  mercury  rises 
up  columns  C  and  E  corresponding  to  the  pressure  ex- 
erted on  top  of  the  mercury,  which  pressure  is  due  to 
water  level  in  the  tower. 

The  small  transformer  //  is  energized  from  the  regular 
municipal  lighting  ]irimaries  and  located  approximately 
at  the  center  of  distribution.  The  primary  voltage  is 
controlled  by  an  induction-feeder  regulator  at  the  power 
plant,  and,  therefore,  t!ie  secondary  voltage  serving  the 
water-level  indicator  is  fairly  constant. 

The  water-level  instrument,  located  on  the  switchboard 
at  the  water-works  and  power  plant,  is  a  long-scale  volt- 
meter, the  face  of  which  we  removed  and  substituted  one 
having  an  evenly  divided  scale  of  35  block  divisions.  Eacli 
block  division  is  a  little  over  14  ™-  of  scale.  Therefore, 
the  instrument  pointer  can  swing  within  a  range  of  i/^ 
in.  and  still  he  on  the  same  block  corresponding  to  a 
certain  foot  depth  of  water  in  the  tower.  With  this  ar- 
rangement of  scale  and  pointer  swing  a  corresponding 
voltage  variation  is  allowable  without  affecting  the  ac- 
curacy of  the  water-level  indicator  equipment. 

The  proper  spacing  of  the  25  screws  in  our  particular 
case  was  calculated  in  the  following  way  (not  taking  ac- 
count of  the  negligible  correction  for  difference  in  rela- 
tive weights  of  transil  oil  and  water)  : 

Let 

1/  =  Area,  in  square  inches,  corresponding  to  diam-  ji 

eter  of  mercury  chamber  B; 
N  =  Area,  in  sqiuire  inches,  corresponding  to  Ixire 

of  pipe  C  or  rubber  tube  E : 
X  =  Lowering,  in  inches,  of  mercury  level  in  cham- 
ber B  corresponding  to  one  foot  rise  in  water 
level  in  the  tower  : 
Y  =  Rise,  in  inches,  of  mercury  in  rubber  tube  E 
corresponding  to  lowering  A'  in  chamber  B. 
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Tlieii 

M  X  =  ,Y  }■ 
]ii  (iiir  ]iarticular  case 

-1/  =  11.7.5  sq.!ii.  and  X  =  0.104  sg.in. 
Siilistitiitiiig  values  fur  M  ami  X  we  liave : 
14. 7o  A'  =  0.1(14  Y 
O.IO-LY 


X  = 


14. 7.5 


also, 

-V  +  3'  =  0.883  ill.  (  1  //.  iruliji-  =  0.883  in.  mcrcanj) 
therefore, 

0.104 J'    .    ,^ 


14.75    ^  ^ 

—    u.oo,j 

or 

0.007  Y  +  I' 

=  0.883 

Tlieii, 

_  0.883  _ 

1    11(17  ~ 

0.877  in. 

for  eaeli  foot  of  dili'erence  of  water  level  in  tower. 

Or  the  spacing  of  screws  might  be  determined  by  trial. 
Having  the  location  of  top-contact  screw  No.  25  estab- 
lished, the  water  in  the  tower  could  be  allowed  to  lower 
25  ft.  and  the  corresponding  level  of  mercury  in  the  rub- 
ber tube  E  noted,  which  would  give  the  location  of  the 
contact  screw  No.  1.  •  The  distance  between  these  two 
points  would  represent  the  total  working  range  of  mer- 
cury column.  Then  with  a  pair  of  dividers  the  inter- 
mediate-contact screw  locations  could  be  laid  off. 

The  permanent  height  of  the  top  screw  No.  25  with 
reference  to  chamber  B  was  established  by  filling  the 
concrete  tower  to  the  desired  high-water  level  and  then 
lowering  an  insulated  wire  down  the  ^/4-iii.  pipe  C  (pre- 
vious to  cutting  C  otf  to  add  the  rubber  tube  E)  until 
the  exposed  end  of  the  wire  touched  the  top  of  the  mer- 
cury column  and  closed  the  buzzer  circuit-testing  set. 
Then  the  iron  pipe  C  was  cut  off  and  threaded  so  that 
when  the  rubber  tube  E  was  screwed  in  place  the  top-con- 
tact screw  was  located  at  the  right  height. 

The  resistance  coil  on  the  drum  F  was  made  as  follows : 

A  wooden  cylinder  was  turned  out  in  a  latlie  and  a 
V-t bread  of  ten  to  the  inch  cut  along  its  length.  In  fact, 
the  cylinder  was  of  soft  wood  and  the  thread  was  pressed 
in  by  a  wheel  cutter  taken  from  ordinary  three-wheel  pipe 
cutter  and  held  in  the  tool  post  of  the  lathe  carriage. 
Then'  No.  28  Nichrome  resistance  wire  was  guided  over 
the  tool  post  into  the  thread  on  the  cylinder  as  the  car- 
riage traveled  back  along  the  lathe  bed  with  the  same 
lathe  gears  in  as  were  used  in  cutting  the  threaded  groove. 
This  afforded  a  very  simple  and  convenient  method  of 
winding  the  resistance  wire  in  very  close  turns  so  that 
the  maximum  length  of  wire  could  be  ])ut  into  a  minimum 
space. 

The  25  permanent  points  of  connection  were  then  lo- 
cated in  the  following  way: 

The  two  ends  of  the  two  miles  of  line  wires  were  tem- 
porarily joined  together  at  the  water-tower  end  of  the 
line,  leaving  the  mercury  tube  out  of  consideration  for 
the  time  being.  A  series  circuit  was  then  made  up  of 
the  two  miles  of  line,  110-volt  secondary  winding  of  the 
transformer,  water-level  instrument  and  enough  of  re- 
sistance coil  on  the  drum  F  to  swing  the  instrument 
nee<lle  to  the  middle  of  the  scale  division  1.  This  gave 
the  location  of  the  lowest  point  No.  1  on  the  resistance 


coil  and  connection  was  made  by  fastening  with  snuill 
blind  staples  the  bared  end  of  a  piece  of  single  lamp 
cord  in  the  threaded  groove  of  the  drum  against  the  bare 
resistance  wire.  The  loose  end  of  this  flexible  cord  was 
then  attached  to  the  short  length  of  the  bare  wire  (serv- 
ing temporarily  in  place  of  mercury  column). 

The  one  end  of  a  second  piece  of  flexible  cord  was  fast- 
ened to  the  wire  serving  as  a  mercury  column  and  then, 
by  trial,  touching  the  other  end  of  the  cord  at  points 
along  the  resistance  coil,  above  location  No.  1,  we  located 
a  point  No.  2  that  rai.sed  the  instrument  pointer  to  the 
middle  of  the  scale  division  2.  In  like  manner  all  the 
25  points  on  the  resistance  coil  were  determined,  one  by 
one,  in  consecutive  order.  With  all  25  flexible  cords  con- 
nected, forming  parallel  circuits  between  the  resistance 
coil  and  wire  serving  as  a  mercury  column,  the  instru- 
ment needle  indicated  25  on  the  scale  corresponding  to 
25  ft.  of  water  in  the  tower. 

The  resistance  drum  F  was  then  taken  to  the  water 
tower  and  mounted  vertically  opposite  the  rubber  tube  E. 
The  25  screws  in  the  rubber  tulie  were  then  connected 
to  corresponding  flexible  leads  from  the  resistance  coil, 
after  first  removing  the  short  length  of  wire  which  hai 
served  temporarily  in  place  of  the  mercury  column. 

Finally  one  side  of  the  tower  end  of  the  two-mile  line 
was  attached 'to  the  upper  end  of  the  resistance  coil  and 
the  other  end  fastened  to  the  Vi-i"-  pipe  below  the  rub- 
ber tube. 

From  tlie  above  description  and  reference  to  the  illus- 
tration the  action  of  the  water-level  indicator  will  be 
readily  understood.  With  a  very  low  water  level  in  the 
tower  the  top  of  the  mercury  column  may  be  below  the 
bottom  screw  No.  1  of  the  rubber  tube  E  in  which  case 
the  electrical  circuit  would  be  open  and  the  water-level 
instrument  at  the  water-works  would  indicate  zero.  Then 
as  the  water  level  rises,  the  pressure  in  the  mercury  cham- 
ber B  increases,  which  raises  the  mercury  column  until  it 
reaches  the  contact  screw  No.  1  when  the  in.strumont  at 
the  water-works  shows  1  ft.,  and  so  on  up  and  down  the 
working  range. 

The  object  of  the  insulating  provisions,  as  already  de- 
scribed, was  to  aft'ord  a  ground-return  circuit  for  ringing 
a  high-water  alarm  bell.  The  alarm  circuit  is  made  up  of 
this  ground  return  and  part  of  the  water-level  indicator 
circuit  which  takes  in  the  transformer  secondary  and 
mercury  column. 

The  extreme  top  screw  J  is  located  at  a  point  in  the 
rubber  tube  E  corresponding  to  the  overflow  of  the  water 
tower  (or  any  high-water  point  desired).  This  screw  is 
grounded.  Also,  at  the  water-works,  one  primary  ter- 
minal of  the  bell-ringing  transformer  is  grounded  and 
the  other  attached  to  the  side  of  the  line  that  leads  from 
the  water-level  instrument  through  the  line  transformer 
to  the  '^/i-m.  iron  pipe  C.  Therefore,  when  the  mercury 
column  rises  to  the  point  /  the  bell-riHging  circuit  is 
closed  through  the  ground  and  mercury  column  and  the 
bell  alarm  is  sounded.  Of  course,  at  this  high-water 
alarm  point  the  ground  return  would  form  a  shunt  path, 
practically  cutting  out  current  through  the  water-level 
instrument,  thereby  causing  the  pointer  to  drop  toward 
zero.  But  this  condition  need  cause  no  confusion  because 
of  the  meaning  of  the  high-water  alarm.  Upon  closing 
down  the  pumps  the  water  level  in  the  tower  would  drop 
and  as  soon  as  the  mercury  column  lowered  sufficiently 
to  Iireak  contact  with  the  screw  ./  conditions  would  at 
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once  adjust  themselves  and  the  needle  of  the  instrument 
would  immediately  rise  to  division  25  and  remain  there 
until  water  lowered  or  raised  to  next  foot  mark. 

The  above  described  water-level  indicator  was  designed 
by  the  writer  about  three  years  ago.  A  glass  tube  with 
platinum  contacts,  which  was  kindly  constructed  for  us 
by  professors  in  the  chemical  department  of  Stanford 
University,  was  originally  used  instead  of  the  present 
rubber  tube.  But  for  some  unknown  reason  this  tube 
was  one  day  found  cracked  at  one  of  the  platinum  con- 
tact leading-in  wires.  This  may  have  been  due  to  jar 
from  the  many  trains  on  the  very  near-by  railroad  line 
or  possibly  from  heat  due  to  arcing  at  contact  during 
operation  or  perhaps  due  to  some  inherent  strain  in  the 
glass  tube.  The  rubber  has  thus  far  given  no  trouble 
whatever. 

Fire  Hazard  in  Turbo-Generators* 

By  G.  S.  LawlerI 

The  chances  of  electric  generators  of  the  older  types 
being  seriously  injured  by  fire  in  the  event  of  some  part 
of  the  insulation  failing  is  slight.  Occasionally  arcing 
will  ignite  the  insulation,  but  it  is  seldom  that  the  fire 
will  spread  much  before  it  is  extinguished.  This  free- 
dom from  fire  damage  is  due  principally  to  the  compara- 
tively low  speeds,  the  accessibility  of  the  combustible  insu- 
lation, and  the  fact  that  the  machines  being  of  large  mass 
per  unit  capacity,  the  insulation  is  considerably  distrib- 
uted. 

This  condition  is  reversed  in  generators  of  the  turbo 
type.  The  chief  causes  of  the  increased  hazard  are  as 
follows : 

The  volume  occupied  by  this  type  is  much  less  for  the 
same  capacity  than  that  of  the  older  types  so  that  the 
combustible  insulation  is  more  concentrated.  Also  the 
amount  of  combustible  insulation  on  the  higher-voltage 
generators  is  naturally  greater  than  that  in  the  low-volt- 
age machines. 

These  generators  being  of  large  capacity  in  many  in- 
stances, an  enormous  amount  of  energy  is  involved  in  a 
short-circuit,  especially  at  the  instant  the  short  occurs 
and  as  the  arc  is  confined  in  the  limited  space  with  the 
combustible  insulation,  it  would  seem  impossible  for  the 
insulation  to  escape  being  set  on  fire  at  many  points  si- 
multaneously. 

The  machines  are  cooled  by  forcing  large  quantities  of 
air  through  the  spaces  between  the  conductors  and  the 
large  and  constantly  renewed  supply  of  oxygen  will  hasten 
combustion  after  it  is  once  started. 

The  generators  are  totally  incased  with  the  exception 
of  the  air  inlets  and  outlets  and  even  these  in  some  de- 
signs are  under  the  machines.  This  construction  prevents 
access  to  a  fire  and  much  valuable  time  will  be  consumed 
before  extinguishing  agents  can  be  used  efEectively.  When 
the  field  current  is  cut  off,  as  is  necessary  in  case  of  a 
short-circuit,  the  only  means  of  bringing  the  rotor  quickly 
to  rest  is  lost  and  it  ■will  continue  to  run  for  a  long  time 
after  the  steam  has  been  shut  off.  This  continued  rota- 
tion is  not  conducive  to  the  quick  extinguishing  of  a 
fire. 

While  the  generators  mav  be  free  from  fires  durino-  the 
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earlier  portions  of  their  lives  owing  to  the  proper  us€ 
of  reactances  which  prevent  external  troubles  seriouslj 
affecting  the  machines,  as  they  get  older  the  ordinary 
causes  of  breakdown  of  insulation  are  likely  to  occur 
and  fires  result. 

Undoubtedly  the  manufacturing  companies  have  given 
serious  thought  to  the  reduction  of  the  fire  hazard  in 
turbo-generators  and  have  employed  all  means  practical 
at  the  present  time  to  this  end,  but  there  is  still  much 
to  be  desired.  The  following  means  would  seem  to  mini- 
mize the  chances  of  a  serious  fire: 

(a)  If  a  suitable  material  could  be  found,  a  noncora- 
bustible  outer  covering  could  be  placed  over  the  insulation 
on  the  stator  end  connections.  This  would  greatly  delay 
the  spread  of  fire  and  even  if  no  other  protective  means 
were  taken,  would  undoubtedly  prevent  much  serious 
damage. 

(b)  If  a  noncombustible  outer  covering  should  be  pui 
on,  its  advantages  would  be  partially  lost  in  time  unless 
the  cooling  air  were  freed  of  the  dirt  and  oily  vapor  liable 
to  be  in  it.  This  could  be  done  by  filtering. 

(c)  Means  could  be  provided  for  cutting  off  the  air 
supply  in  case  of  fire  in  generators  by  placing  dampers 
in  the  inlet  ducts  designed  so  as  to  be  normally  held  open 
by  fusible  links. 

(d)  Arrangements  could  be  provided  for  the  quick 
introduction  of  carbon-dioxide  gas  into  the  machines.  The 
carbon  dioxide  could  be  kept  in  liquid  form  and  piped 
through  valves,  expansion  tanks,  etc.,  to  the  generators. 
The  valves  could  be  arranged  to  be  opened  by  the  closing 
of  the  air-inlet  dampers,  so  that  the  gas  would  be  au- 
tomatically introduced  into  the  generators. 

The  employment  of  some  efficient  method  of  reducing 
the  fire  hazard  in  generators  of  the  turbo  type  either 
along  the  lines  mentioned  or  in  some  other  way  is  im- 
portant. The  value  of  these  generators  is  great  and 
the  damage  by  fire  may  amount  to  a  considerable  propor- 
tion of  the  first  cost.  It  is  probable  that  the  damage  is 
more  likely  to  occur  toward  the  end  of  the  life  of  the  gen- 
erators, but  even  then  the  loss  may  be  large,  both  directly 
and  indirectly.  The  large  central  stations  have  reserve 
units,  so  that  the  increased  damage  due  to  fire  in  one  of 
their  generators  would  probably  not  affect  the  continuity 
of  the  service,  but  the  increased  time  necessary  for  re- 
pairs may  be  long  and  during  this  time  the  reserve  ca- 
pacity will  be  weakened.  In  the  case  of  industrial  plants 
the  longer  time  needed  for  repairs  might  be  serious.  Many 
manufacturing  concerns  who  generate  their  own  current 
depend  on  only  one  unit  and,  therefore,  their  whole  pro- 
duction, or  a  large  part  of  it,  would  be  affected. 


Electric  Distribution  at  the  Canal — During  the  year  it  was 
decided  to  install  for  the  transmission  line  an  overhead  sys- 
tem of  44.000  volts,  extending  from  Balboa  to  Cristobal,  and 
connecting  the  Gatun  hydro-electric  power  station  with  the 
present  Miraflores  steam-power  station,  so  that  they  may  be 
operated  separately  or  in  parallel,  as  necessary.  Pour  sub- 
stations are  provided,  and  located  at  Cristobal,  Gatun,  Mira- 
flores and  Balboa.  The  complete  line  consists  of  duplicate 
three-phase  lines,  one  of  which  is  carried  on  each  side  of  I 
track-span  bridges  spaced  300  ft.  apart  on  tangents  and  200 
ft.  on  curves  along  the  whole  length  of  the  Panama  R.R.  The 
bridges  are  of  structural  steel,  with  a  clear  track  span  of  36  ' 
ft.,  and  an  overall  height  of  40  ft.  The  conductors  are  to  be 
2/0  stranded  copper  wire  spaced  with  a  clearance  of  5  ft. 
They  are  supported  from  brackets  outside  of  towers,  with  ' 
three-part  suspension  insulators,  with  noncorroding  connect- 
ing links  to  allow  a  maximum  life  and  a  minimum  of  line 
troubles. — "Canal  Record." 
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The  Large  Gas  Engine  in  Europe* 

?jy  Pkof.  r.  Langek 

The  tendency  to  utilize  in  gas  engines  the  enormous 
quantities  of  waste  gases  from  blast  furnaces  had  its  in- 
ception in  Germany  about  20  years  ago.  The  two-stroke- 
cyele  system  seemed  suitable  for  large  engines,  but  full 
success  was  not  attained  until  about  11  years  ago  when 
the  large  gas  engine  was  brought  to  a  high  state  of  per- 
fection by  the  Maschinenfabrik  Nuernberg  in  the  form 
of  the  double-acting  four-stroke-cycle  type,  with  two  cyl- 
inders in  tandem. 

Ekgulation  of  Large  Gas  Engines 

The  attempt  to  attain  stratification  of  the  mixture  in- 
side the  cylinder  has  led  to  very  complicated  valve-gears. 
It  was  hoped  that  a  gas  valve  which  remained  open  dur- 
ing only  a  part  of  the  suction  stroke  would  direct  the 
gas  in  such  a  manner  that  a  combustible  mixture  would 
be  present  at  the  point  of  ignition  even  under  the  light- 
est loads,  while  the  balance  of  the  combustion  space  would 
be  filled  with  inert  air.  The  result,  however,  did  not 
justify  this  hope. 

Throttling  of  gas  and  air  simultaneously,  or  in  other 
words,  regulation  of  the  quantity  of  mixture  only,  is  to 
be  preferred  to  the  throttling  of  gas  only,  as  the  former 
method  is  less  sensitive  and  makes  possible  a  more  cer- 
tain control  by  the  governor.  But  even  the  simplest  meth- 
od of  quantity  regulation  will  give  satisfaction  only  if 
the  action  of  the  governor  upon  the  throttle  valve  has 
been  given  careful  consideration.  It  is  wrong  to  let  the 
governor  act  in  such  a  way  that  the  valve  opening  is  pro- 
portional to  the  travel  of  the  governor  sleeve,  as  the  fol- 
lowing consideration  will  show: 

The  result  of  throttling  is  to  reduce  the  quantity  of 
mixture  drawn  into  the  cylinder  during  each  stroke.  The 
volume  of  charge  remains  the  same,  as  the  cylinder  is  al- 
ways completely  filled,  but  its  density  becomes  less,  also 
its  weight  and  the  amount  of  energy  supplied. 

These  relations  are  shown  in  Fig.  1.  Starting  with  a 
certain  velocity  C,  of  the  mixture  through  the  valve,  which 
is  determined  hy  the  opening  of  the  valve;  the  curve 
shows  the  velocity  as  a  function  of  the  position  of  the 
governor.  This  velocity  can  be  produced  only  by  a  certain 
drop  in  pressure  as  the  mixture  passes  to  the  cylinder, 
so  that  the  law  according  to  which  the  absolute  pressure 
in  the  cylinder  changes  is  also  definitely  determined.  The 
shape  of  this  curve  shows  that  the  lower  part  of  the  travel 
of  the  governor  sleeve  is  almost  without  influence  and 
1hat  the  total  regulation  is  limited  to  the  upper  travel. 
This  results  in  marked  irregularity  of  the  indicator  dia- 
grams, as  the  smallest  motion  of  the  governor  causes 
considerable  changes  in  the  quantity  of  mixture  suj^plied. 

The  remedy  is  found  in  changing  the  connection  be- 
tween the  governor  sleeve  and  the  throttling  mechanism, 

•Presented  at  the  annual  meeting  of  the  American  Society 
of  Mechanical   Kngineers. 


so  that  in  the  low  positions  of  the  governor  the  throttliu, 
action  is  more  intensive  than  in  the  upper  positions.  Thi 
can  be  accomplished  by  off-setting  the  connecting  lin 
between  the  governor  and  the  throttling  valve. 

Even  the  best  scheme  of  regulation  will  not  avail,  i 
the  proportion  of  mixture  is  not  properly  controlled.  I: 
engines  that  have  separate  pumps  for  air  and  gas,  as  i 
usual  in  two-stroke-cycle  machines,  where  air  and  gas  ar 
furnished  in  measured  quantities,  it  is  compara 
tively  easy  to  get  the  proper  proportion,  at  leas 
at  full  load.  Difficulties  are  found,  however,  i: 
four-stroke-cycle  machines,  where  gas  and  air  ar 
drawn  in  by  the  working  piston  in  parallel.  I: 
this  case  the  proportion  of  mixture  is  not  readily  con 
trolled,  because  the  quantities  drawn  in  depend  not  onl 
on  the  free  opening  of  the  admission  valve,  but  also  oi 


^''Ai-rnosphere  Line 


Total  Lifl- of  Governor 


Fig.  1.  Illustrating  Action  op  Governor  on 
Throttle  Valve 

the  product  of  this  opening  area  and  the  velocity  of  flo\ 
through  it.  Incidental  changes  in  pressure  may  influeno 
this  velocity  strongly.  The  difference  in  specific  gravit; 
must  be  considered  when  deciding  upon  the  proportion 
of  the  ports  for  correct  mixture  in  engines  that  use  gase 
lighter  than  air.  Disregard  of  this  leads  to  too  rich  mix 
tures  and  tlie  engine  becomes  choked  with  gas.  The  man; 
failures  of  engines  working  with  coke-oven  gas  are  parti; 
explained  by  wrongly  proportioned  gas  ports.  The  intaki 
velocity  in  the  mixing  valve  must  be  at  least  1000  ft 
per  min.  to  avoid  disturbing  variations  of  the  mixtun 
due  to  accidental  changes  of  the  gas  pressure.  Velocitiei 
of  about  1200  ft.  per  min.  are  considered  normal.  Ii 
order  to  avoid  too  intensive  a  throttling  action  and  con 
sequent  reduction  of  power,  the  piping  and  other  passage: 
leading  to  the  mixing  valve  must  be  proportioned  liberal 
ly,  so  that  the  total  drop  in  pressure  is  advantageousb 
concentrated  within  the  valve  itself. 

For  a  long  time  difficulties  were  experienced  in  driv 
ing  variable-speed  blowing  engines  by  four-stroke-cych 
gas  engines.  In  most  cases  the  gas  arrives  at  the  mixing 
valve  under  a  pressure  of  several  inches  of  water,  whih 
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le  ])repsiire  of  the  air  is  somewhat  less  than  atmospheric, 
'lieii  the  maehine  is  run  slower  the  suction  action  of  the 
iston  is  reduced  and  the  intake  velocity  of  the  air  de- 
•eases  more  rapidly  than  that  of  the  gas,  until  finally 
is  reduced  to  such  an  extent  that  nothing  but  gas  cu- 
ts the  cylinder.     It  is  evident  that,  even  before  this 


Fig.  2.  Oxe-Piece  Cylindei!,  Showing  Cojimon 
Location  of  Crack 

jint  is  reached,  the  engine  will  choke  with  gas  and  will 
op.  A  governor  which  regulates  the  quality  of  the  mis- 
ire  would  only  favor  this  suffocation  of  the  engine  with 
as.     In  such  cases  the  conditions  are  improved  by  in- 

nsive  throttling  at  normal  speed. 

Cylindeks 

Improvements  in  design  as  well  as  improvements  in 
)undry  practice  have  greatly  reduced  the  breakage  of 
'linders.  Views  upon  the  most  suitable  shape  still  differ 
msiderably,  however.  Some  designers,  after  careful  ex- 
>riments,  have  abandoned  the  split-jacket  cylinder  in 
vor  of  the  normal  one-piece  cylinder,  while  others  have 
me  exactly  opposite,  and  split  not  only  the  Jacket,  but 
so  the  inside  cylinder.  The  one-piece  cylinder  is  just  as 
rong  as  the  split  one.  The  latter  has  come  principally 
om  the  desire  to  avoid  initial  stresses  in  the  direction 

its  axis,  which  put  the  inner  cylinder  under  tension, 
icause  in  casting  it  cools  later  than  the  rest  of  the  cast- 
g.  Besides,  by  casting  the  two  halves  separately,  it  was 
tempted  to  obtain  as  dense  a  wall  as  possible  for  the 
imbustion  chamber.  Finally,  splitting  the  cylinder  has 
le  advantage  that  customers  who  consider  a  cylinder 
ner  the  proper  construction  can  be  satisfied,  inasmuch 

the  insertion  of  liners  in  one-piece  cylinders  presents 
me  difficulties. 

Besides  simplicity  and  the  absence  of  the  danger  of 
akage  in  the  highly  strained  cylinder  joint,  the  one-piece 
linder  allows  a  better  transmission  of  the  forces  from 
e  cylinder  to  the  frame.  The  fact  that  one-piece  cyl- 
ders  frequently  broke  at  the  place  indicated  in  Fig.  2. 
used  an  overestimation  of  the  stresses  in  the  casting, 
loser  investigation  shows  that  the  breaks  are  caused  sim- 
y  by  making  the  part  between  the  cylinder  and  flange 
0  weak.  The  wall,  besides  being  too  weak  originally,  is 
rther  weakened  by  the  large  number  of  cover  studs  and 
e  break  is  further  induced  by  excessive  tightening  of 
ese  studs.  This  can  be  remedied  by  properly  rein- 
rcing  the  point  of  danger  and  bv  placing  the  joint 
oulder  on  the  outside. 

While  these  breaks  have  their  origin  in  the  stresses  set 
5  by  irregular  cooling  of  the  casting  or  by  irregular 


heating  in  operation,  cracks  of  an  entirely  tlifferent 
nature  have  been  observed  on  the  walls  of  the  combustion 
chamber.  These  so  called  fire  cracks  always  start  in  a 
place  where  the  transmission  of  heat  to  the  cooling  water 
is  impeded  (see  Fig.  3).  In  the  smooth  and  homo- 
geneous wall  the  differences  in  temperature  of  the  differ- 
ent strata  are  small  and  the  temperature  of  the  wall  is 
comparatively  low,  as  long  as  accumulated  scale  or  sim- 
ilar cau.ses  do  not  offer  an  obstacle  to  the  transmission 
of  heat.  AVhen,  however,  the  rate  of  transmitting  heat 
to  the  cooling  water  is  reduced,  there  will  be  accumula- 
tion of  heat,  causing  a  rise  in  temperature  during  the  ex- 
pansion and  exhaust  strokes.  The  material  will  tend  to 
expand  according  to  the  average  temperature  of  the  wall 
and  it  will  be  able  to  do  this  without  resistance  because  it 
is  under  tension  on  account  of  the  .stress  in  the  casting. 
In  operation,  therefore,  the  stress  will  be  relieved.  On 
account  of  temperature  differences,  however,  in  different 
strata  of  the  wall,  there  will  be  stresses  in  the  wall  it- 
self, compression  in  the  hotter  zones  and  tension  in  the 
cooler  ones.  As  soon  as  cold  mixture  is  admitted  during 
the  next  suction  stroke,  the  surface  of  the  wall  is  cooled 


section  c-d 

Fig.  3.  Showing  Fire  Cracks 

intensively,  and  the  inside  layers  of  the  wall  cannot  follow 
raj^idly  enough  to  cause  the  establishment  of  settled  con- 
ditions corresponding  to  this  flow  of  heat. 

The  occurrence  of  a  crack,  which  in  the  beginning  is 
scarcely  y^  in.  deep,  apparently  relieves  the  stress  to  a 
certain  extent  and  only  the  natural  tendency  of  the  cast 
material  to  continue  to  break,  together  with  the  external 
mechanical  forces,  causes  the  crack  to  open  further.  In 
most  cases  drilling  and  calking  at  the  end  of  the  crack 
will  stop  this.  The  timely  discovery  of  the  crack  is,  how- 
ever, rather  difficult,  as  it  is  not  open  after  the  wall  is 
uniformly  cooled. 

The  first  step  in  combatting  the  occurrence  of  these 
cracks  is  to  reduce  their  real  source,  that  is,  the  differ- 
ences in  temperature,  to  an  amount  that  is  harmless.  As 
the  sudden  changes  of  temperature  are  caused  by  the  very 
nature  of  the  gas-engine  cycle,  these  attempts  must  be 
confined  to  avoiding  all  irregular  ignition  and  slow  com- 
bustion. Furthermore,  it  is  necessary  to  make  the  con- 
ductivity of  the  wall  uniform  in  order  to  avoid  all  ac- 
cumulations of  foreign  material. 

The  commonly  used  globe  or  onion-shaped  passages  for 
inlet  and  exhaust  valves  are  therefore  not  suitable,  and 
lately  the  form  shown  in  Fig.  4  has  been  preferred. 
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Casl  steel  is  not  n  suital>k'  material  for  gas-engine  cyl- 
inders. The  larger  expansion  due  to  heat  as  compared 
with  cast  iron  and  the  very  much  higher  modulus  of 
elasticity  causes  increased  stresses,  while  the  strength  of 
cast  steel  is  not  proportionately  greater. 

Itstceeasing  Output  of  Laege  Engines 

The  principal  task  upon  which  the  gas  engineer  is 
hil)oring,  besides  that  of  enhancing  the  reliability  of  the 
machine,  is  that  of  making  it  cheaper,  partly  by  simplify- 
ing its  construction  and  partly  by  increasing  its  output. 
At  present  it  can  hardly  be  imagined  that  the  gas  en- 
gine can  be  made  cheaper  by  making  its  construction  sim- 
]iler,  now  that  the  complicated  valve-gears  have  disap- 
peared. Reduction  of  weight  is  not  to  be  recommended. 
Until  recently  experience  has  demanded  a  continuous  in- 
crease of  engine  weights.  Economy  in  material  would 
reduce  reliability  and  the  life  of  the  machine. 

Somewhat  better  prospects  appear  in  the  attempt  to 
reduce  the  cost  by  increasing  the  output  of  the  machine 
of  a  given  size.  Increasing  the  speed  is  not  practicable, 
at  least  not  with  such  as  blast-furnaces  gases.  The  re- 
liability of  the  machines  would  be  lessened,  not  even  con- 
sidering the  fact  that  the  time  available  for  the  combus- 
tion of  the  mixture  is  too  short  and  that,  therefore,  the 
losses  on  account  of  incomplete  combustion  would  be- 
come too  large.  A  comparison  of  the  results  of  operation 
of  gas-operated  blowing  engines,  which  run  relatively 
slow,  and  engines  driving  dynamos,  proves  that  the  former 
require  considerably  less  repairs  than  the  latter. 

The  heat  value  of  the  mixture  is  also  determined  by 
the  minimum  excess  of  air  necessary  for  complete  com- 
liustion,  and  there  remain  only  the  two  factors  of  volu- 
metric and  total  efficiency.  It  is  conceivable  that  the 
total  efficiency  might  be  increased  by  increasing  the  thcr- 
nuil  efficiency  of  the  process.  This,  however,  is  dependent 
upoji  increase  of  pressure  and  for  this  reason  such  a  pos- 
sibility must  be  eliminated.  The  volumetric  efficiency 
can  be  increased  in  two  ways ;  by  cooling  the  charge  and 
by  increasing  the  pressure  of  the  charge.  The  first  meth- 
od was  proposed  some  time  ago  but  has  not  been  adopted 
because  in  most  cases  the  cooling  water  is  warmer  than 
the  atmosphere  and  the  incoming  gas.  Besides,  a  large 
gain  cannot  be  expected,  as  decreasing  the  temperature 
10  deg.  could  only  increase  the  output  about  2  per  cent. 

The  other  method  for  increasing  the  output,  which  late- 
ly has  attracted  renewed  interest,  consists  in  increasing 
the  pressure  of  the  charge  and  simultaneous  scavenging 
of  the  exhaust  gases.  In  this  manner  a  given  suction 
volume  of  an  engine  can  accommodate  a  larger  weight  of 
charge  and  greater  output  can  be  attained. 

The  original  purpose  of  this  metho<l,  which  has  been 
known  in  England  for  many  years,  was  the  avoidance  of 
iireignition  by  scavenging  the  cylinder  of  what  remained 
of  the  hot  exhaust  gases.  It  is  the  competition  into  which 
the  gas  engine  has  lately  had  to  enter  with  the  steam 
turlune  that  has  brought  to  the  front  the  possibility  of 
increased  power  outpiit  and  lower  cost. 

The  simplest  method  of  realizing  the  scheme  of  scaveng- 
ing and  charging  consists  in  closing  the  exhaust  valve  late 
and  opening  the  inlet  valve  early.  The  time  during  which 
both  valves  are  open  is  used  for  scavenging.  To  avoid 
loss  of  gas,  the  latter  is  admitted  only  after  the  exhaust 
valve  is  closed.  At  the  end  of  the  suction  stroke  the  mix- 
ing chamber  must  be  cleansed  of  combuistible  mixture  by 


scavenging  with  pure  air,  as  otherwise  liackfires  would 
occur  at  the  beginning  of  the  next  scavenging  period.  Gas 
and  air  are  brought  to  the  machine  under  a  pressure  of 
about  3  lb.  i^er  sq.in.  gage.  On  account  of  this  increased 
pressure  the  weight  of  the  charge  is  about  20  per  cent, 
gi'eater  than  that  of  the  normal  method.  Scavenging  the 
combustion  chamber  also  furnishes  further  space  for  fresh 
mixture.  Experiments  have  shown  a  mean  effective  pres- 
sure of  about  100  lb.  per  sq.in.  In  continuous  operation 
mean  effective  pressure  of  85  lb.  per  sq.in.  can  be  reached. 
In  spite  of  the  lower  compression  the  heat  consumption 
per  unit  of  power  is  not  increased.  This  is  explained 
first  by  better  combustion  of  the  charge  which  is  not  con- 
taminated by  tlie  remains  of  the  exhaust  gases,  and  sec- 
ondly by  a   decreased  percentage   of  loss   in   the  cooling 


Fig.  4.  One-Piece  Gas-Engine  Ctlindeu  That  Avoids 
Globe-Shaped  Passages  to   Valves 

water.  The  increased  temperature  of  the  cylinder  walls 
has  cau.sed  olijections  against  continued  operation  with 
scavenging  and'forced  charge,  and  some  justification  can- 
not be  denied  to  these  objections. 

Ijiproving  &as-Engine  Econojiy 

The  desire  of  gas-engine  builders  to  improve  the  econ- 
omy of  the  gas  engine,  has  lately  brought  to  the  front 
interest  in  the  utilization  of  waste  heat.  The  high  tem- 
perature of  the  exhaust,  about  880  deg.  F.,  makes  pos- 
sible its  use  for  the  generation  of  steam  in  boilers,  which 
have  to  be  placed  as  closely  as  possible  to  the  exhaust 
chamber.  As  a  matter  of  fact,  it  is  possible  to  obtain 
2  lb.  of  high-pressure  steam  per  kw.-hr.  of  the  gas  engine. 

The  utilization  of  the  heat  in  the  cooling  water  is  not 
possible  as  directly  as  this.  The  further  use  of  this  heat 
means  the  generation  of  steam  and  this  requires  a  con- 
siderably higher  temperature  than  is  customary  in  large 
gas  engines.  Semmler  suggested,  ten  years  ago,  that  gas- 
engine  cylinders  be  cooled  with  water  hotter  than  212 
deg.  F.,  and  that  this  water  be  put  under  pressure  in  order 
to  avoid  the  generation  of  steam  in  the  jacket.  Evapora- 
tion commences  only  outside  of  the  jacket,  when  the 
superheated  water  is  conducted  through  a  throttle  valve 
into  a  steam  drum.  About  a  year  ago  it  was  decided  at 
the  Rombacher  Huetten  "Werke  to  try  Semmler's  cooling 
method  on  an  800-kw.  tandem  engine.  The  results  in 
operation,  which  are  available  today,  are  entirely  favor- 
able. The  hot  jacket  not  only  did  not  hurt  the  cylinder, 
but  it  produced  softer  and  more  quiet  operation. 
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Relation  of  Cold  Storage  to  Plant 
Capacity 

The  above  is  the  title  of  an  iuteiesting  paper  read  by 
John  E.  Starr  at  the  seventh  annual  conveutiou  of  the 
Eastern  lee  Association,  held  in  New  York  Citj'  from 
Nov.  6  to  8,  inclusive.  In  the  introduction  the  author  dis- 
cussed the  monthly  load  or  sales,  pointing  out  the  actual 
or  prol)able  distribution  of  the  load  throughout  the  year, 
and  showing  what  storage  capacity  would  be  needed  with 
a  plant  output  considerably  lower  than  the  maximum  de- 
mand. If  only  the  general  public  is  to  be  considered,  and 
there  are  no  imusual  demands,  such  as  fish  or  car  icing, 
the  average  sale  of  ice  year  in  and  year  out,  and  conse- 
quently the  load  on  the  plant  for  a  decade,  may  be  safely 
based  "on  the  mean  monthly  temperatures  given  by  the 
U.  S.  Weather  Bureau.  If  in  the  territory  south  of  the 
fortieth  parallel  of  latitude  33  is  subtracted  from  the 
mean  monthly  temperature  of  each  month,  the  resulting 
twelve  numbers  added  together  and  the  percentage  of  each 
number  taken  of  the  whole,  the  results  will  give  very 
closely  the  percentage  for  each  month  of  the  total  sale.  In 
territory  north  of  the  fortieth  parallel  30  is  subtracted 
arbitrarily  from  the  mean  monthly  temperatures  and 
the  percentages  obtained  in  the  same  way.  Using  this 
method  for  any  plant  makes  it  possible  to  determine  how 
much  storage  will  be  needed  to  run  the  plant  almost  con- 
tinuously and  store  the  surplus  in  the  colder  months.  Two 
good  examples  of  plants  having  the  load  line  of  New  York 
City  were  cited  by  the  author.  Based  on  32  years'  aver- 
age of  mean  monthly  temperature,  the  distribution  of 
sales  or  load  on  a  plant  having  a  capacity  of  3100  tons  in 
its  maximum  month  figures  about  as  given  in  Table  1. 

TABLE  1.      DIVISIOX  OF  LOAD  ON  100-TON  PLANT 

Per  Cent.  Tons 

January 2  364 

Febru;,rv  2  364 

March  3  546 

April  5  920 


Ma, 

June  -  - 

July 

August 

September 

October 

November 

December 

Total 


1,456 
2,710 
3.100 
3.100 
2,548 
1.456 
1.096 
540 

18.200 


Tile  tilble  show.<  that  in  the  months  of  January  and 
Felu'uary  only  2  per  cent,  of  the  total  annud  output  is 
sold,  and  the  months  of  July  and  August  have  the  maxi- 
mum output  of  3100  tons,  which  is  17  per  cent,  of  the 
total.  Multiplying  100  by  365  and  dividing  the  total 
output,  18,200  tons,  by  this  product,  gives  49.8  per  cent, 
as  the  annual  load  factor. 

If  instead  of  putting  a  100-ton  machine  at  work  on  a 
49.8  per  cent,  load  factor,  a  50-ton  machine  were  used 
on  somewhere  near  an  100  per  cent,  load  factor,  and  the 
surplus  stored  from  January  to  May  inclusive,  the  results 
shown  in  T,ible  2  could  be  obtained.  The  table  is  based 
on  a  refrigerated  storage  house  having  a  capacity  of  about 
5300  tons,  and  on  the  assumption  that  a  machine  making 


50  tons  in  July  and  August  would  make  about  ■'')5  tons 
in  the  winter  months. 

TABLE  2.      A  SO-TON  MACHINE  AND  S300-TON  STORAGE  FOU  AN 
ANNUAL  OUTPUT  OF  18.200  TONS 


Januao'  ■  ■  ■  ■ 
February . . . 

March 

April 

May 

June 

July 

August 

September. 
October.  .  .  . 
November . 
December. . 


Sales 

Capacity 

Tons 

Tons 

Short 

Stored 

364 

1,685 

1.321 

364 

1,540 

1.176 

546 

1,685 

1.139 

920 

1,650 

730 

1,456 

1.643 

187 

2,710 

1,590 

1,120 

3,100 

1.550 

1,550 

3,100 

l.o.iO 

1,550 

2,548 

1,550 

998 

1,456 

1,550 

94 

1,096 

1,550 

454 

540 

1,685 

1,145 

18,200  19,228  5,21,'i  6,246 

The  schedule  in  Table  2  allows  for  a  shutdown  of  2C 
days  in  the  year,  and,  although  this  is  feasible  with  a  well 
built  t)lant,  an  extra  compressor  might  be  considered  by 
some  a.s  wise  insurance.  The  necessary  overhauling  could 
be  done  in  the  early  part  of  December. 

Which  of  the  two  plants  will  pay  better  depends  on  the 
following  factors :  The  cost  of  ground,  the  cost  of  build- 
ings, the  cost  of  equipment,  the  shop  cost  of  ice,  and  the 
maintenance  and  replacement.  This  omits  administration 
and  officers'  salaries,  and  confines  the  comparison  to  the 
total  cost  of  ice  delivered  on  the  platform. 

As  a  basis  of  what  has  been  done,  the  author  took  a 
specimen  year  from  the  books  of  an  ice  factory  having 
the  New  York  load  line.  In  this  place  the  condensing 
water  was  a  mi.xture  of  well  water  and  city  water  aver- 
aging about  71  deg.  The  storage  was  for  about  160  tons 
on  end,  and  the  sale  18,020  tons  per  year.  The  cost  of 
coal  was  $3.85  per  ton  in  the  bunker.  The  plant  was 
equipped  with  a  compound  engine  and  an  auxiliary  dis- 
tilling apparatus.  Table  3  gives  the  cost  from  the  books 
for  an  average  year. 

TABLE  3.   ACTUAL  COST  FROM  BOOKS 


Coal 

All  labor,  including  repair  labo 

Ammonia 

City  water 

Repairs,  material,  oil,  etc. 


$5310 

29  5 

6420 

35  6 

270 

l.o 

720 

4.0 

484 

2  7 

Total  shop  cost S13.204  73.3 

ilr.  Starr  did  not  know  what  had  been  done  about  an 
extraordinary  repair  fund  and  replacement,  taxes  and 
insurance,  but  assumed  the  charges  given  in  Table  4  on 
the  Imildings,  which  cost  .$18,000,  and  the  equipment  cost- 
ing $69,000. 

TABLE  4.     ASSUMED  FIXED  CHARGES 

Buildings.  2  per  cent S360 

Reser\'e  for  extraordinary  repair,  accident  and  unusual  loss  of  am- 
monia, 5  per  cent 3,450 

Replacement,  6  per  cent 4,140 

Taxes  and  insurance,  3  per  cent,  on  $85.000 2,550 


Assumed  ( 


t-erhead   58.4c.  per  ton. 
73.3c.  per  ton. 


The  pl.int  and  the  ground  it  was  built  on  co.st  the  own- 
ers $95,000.  For  the  sake  of  comparison  with  the  50-ton 
plant  and  storage,  selling  the  same  amount  of  ice,  a  plat- 
form price  of  $3.50  per  ton  was  assumed.  Then,  as  the 
total  output  was  18,030  tons,  the  income  for  the  year 
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would  be  $4r),0o0.  Deducting  the  operating  and  fixed 
iluirges  of  $33,70-1  leaves  a  gross  profit  of  $21,346,  which 
is  23.5  per  cent,  on  the  investment.  Out  of  this,  officers' 
salaries,  office  force  and  profits  must  be  paid. 

The  nearest  example  to  the  50-ton  and  storage  plant, 
of  which  the  author  had  actual  figures  from  the  books,  was 
a  plate  plant  operated  by  an  absorption  machine  with 
water  at  60  deg.  F.  and  having  a  nominal  capacity  of  43 
tons.  The  plant  was  operated  for  330  days  on  a  load  fac- 
tor of  91.5  per  cent.,  and  the  actual  ice  made  per  year 
was  14,044  tons.     The  shop  costs  are  given  in  Table  5. 

TABLE  5.     SHOP  CO.STS  OF  42-TON  ABSORPTION  PLANT 


Coal 

Labor 

Oil  and  waste 

Ammonia  (extraordinary) . 
Repairs  (extraordinary)  . . . 


Ce 

nts 

per  Ton 

$3,315 

23.6 

4,978 

35  45 

305 

2  10 

1,877 

13  37 

1,602 

11.40 

The  extraordinary  ammonia  and  repair  accounts  of  this 
year  are  abnormal,  due  to  worn-out  coils,  which  caused 
a  great  loss  of  ammonia.  The  replacement  of  these  coils 
made  the  repair  account  up  to  the  limit  of  what  this  item 
would  be.  The  coal  account  is  low,  as  steam  for  driving 
the  auxiliaries  was  exhausted  into  the  generator  and  lit- 
tle live  steam  was  used.  The  water  was  11  deg.  colder 
than  in  the  case  of  the  100-ton  machine  previously  cited. 

Tf  the  water  had  been  at  a  temperature  of  71  deg.,  as 
in  the  case  given  in  Table  8,  the  cost  of  coal  would  have 
been  greater,  so  to  put  the  data  on  a  comparative  basis  the 
data  in  Table  5  were  modified.  The  cost  of  coal  was  made 
30c.  per  ton  of  ice,  instead  of  23.6c.    The  ammonia  and 

TABLE   6.     OPERATING    COSTS   OF   50-   TO   55-TON    MACHINE   OP- 
ERATED AS  IN  TABLE   2  AND   RUNNING   345   DAYS  WITH  ICE 
STORAGE  OF  5200  TONS  AND  ANNUAL  OUTPUT  OF  18,200  TONS 

Cents  per  Ton 

Fuel        S5,4{)0  30 

Labor 6,4B1  35.45 

■Oil  and  waste 382  2 .  10 

Ammonia 728  4 

Repairs,  ordinary 546  3 

Shop  cost $13,577  74.55 

repair  charges  were  reduced  to  a  normal  figure.  With 
these  modifications  the  results  given  in  Table  6  were  ob- 
tained. The  cost  of  the  equipment  was  $40,000,  cost  of 
buildings  $11,000,  cost  of  ice  house  $35,000,  and  cost  of 
the  ground  $8000,  making  a  total  of  $84,000.  Table  7 
gives  the  fixed  charges,  which  amount  to  $7640.  Adding 
to  this  the  shop  cost  of  $13,577,  and  the  cost  of  handling 
and  refrigerating  5200  tons  of  storage  ice  at  15c.  per  ton, 
amounting  to  $780,  gives  a  total  for  the  year  of  $31,997. 
Dividing  by  18,200  gives  a  cost  per  ton  of  approximately 
1.31c.  Assuming,  as  before,  a  selling  price  of  $3.50  per 
ton,  the  net  income  will  amount  to  $45,500,  and  deduct- 
ing the  gross  expense  of  $21,997,  leaves  $23,503  as  the 
gro,ss  profit,  which  is  88  per  cent,  on  the  investment. 
Out  of  this  profit,  as  before,  must  come  administration 
and  office  charges. 

Summarizing  on  these  two  plants,  the  100-toii  machine 
without  large  storage,  costing  $95,000,  yielded  a  gross 
annual  profit  of  $21,346,  exclusive  of  administration 
•charges,  or  83.5  per  cent,  on  the  investment.    The  50-ton 


TABLE  7.     FIXED  CHARGES 


Buildings— $36,000.  2  per  cent 

"•  xtraordinarv  repair  on  $40,000,  5  per  cent. 

Replacement  on  $40,000,  6  per  cent. 

Taxes  and  insurance  on  $84,000,  3  per  cent. . 


S720 
2000 
2400 
2520 


Total »7640 

machine  and  large  storage  yielded  $23,503  on  an  invest- 
ment of  $84,000,  or  28  per  cent.     In  these  two  cases  the 


argument  seems  to  be  in  favor  of  the  small  plant  and 
storage,  but  it  would  not  be  safe  to  say  that  this  would 
always  be  the  case.  The  figures  might  be  greatly  modi- 
fied by  the  cost  of  ground,  the  cost  of  the  water  supply 
and  the  character  of  the  water.  The  cost  of  the  coal  in 
the  two  cases  cited  was  not  over  $2.85  joer  ton,  and  there 
was  an  abundance  of  water  which  did  not  exceed  71  deg. 
F.  in  the  hottest  months.  Depending  on  the  location  of 
the  plant,  the  price  of  coal  might  easily  vary  from  $1.30 
to  $4  per  ton,  and  the  temperature  of  the  water  from  60 
to  85  deg.  P.  If  coal  was  $4  per  ton  and  water  at  85 
deg.,  it  would  mean  that  the  fuel  in  the  two  plants  just 
cited  would  cost  51. 9e.  per  ton  instead  of  30  cents. 

On  the  other  hand,  in  a  raw-water  plant  with  a  com- 
pound condensing  engine  and  using  4  gal.  of  59-deg. 
water  per  ton,  with  coal  costing  $3.05  per  ton,  1740  tons 
of  raw-water  ice  had  been  made  with  137.5  tons  of  coal, 
costing  $388.  For  water  pumping,  lighting,  ice  handling 
and  taking  care  of  the  refrigeration  of  4000  tons  of  ice,. 
the  cost  was  $90  more,  making  a  total  power  cost  for  all 
purposes  of  $478.  This  averages  a  little  over  37c.  per 
ton  for  power  alone  for  all  purposes. 

In  the  South,  with  oil  at  90  to  95c.  per  bbl.,  and  water 
at  78  to  80  deg.  F.,  it  costs  from  80  to  90c.  for  fuel  per 
ton  of  ice.  The  ordinary  repair  and  extraordinary  repair 
with  warm  water  is  also  greater  than  with  cold  water. 

It  is  thus  apparent  that  the  cost  of  production  depends 
a  great  deal  on  the  location  of  the  plant,  the  water,  and 
the  cost  of  coal,  so  that  the  particular  type  of  plant  to  in- 
stall will  largely  depend  on  local  conditions. 

Cost  of  Power  for  Ice  Making 

It  is  not  the  writer's  intention  to  take  up  the  cause  of 
the  Brooklyn  Edison,  but  in.stead  to  point  out  to  Mr. 
Bigelow  and  those  who  have  read  his  communication  a 
fallacy  in  his  argument.  He  states  in  part :  "...  it 
would  be  Just  as  reasonable  for  the  trolley  companies  and 
suburban  railroad  companies  to  insist  that  they  should 
charge  more  for  transportation  during  the  rush  period 
than  they  do  during  the  nonrush  hours."  In  the  first 
place,  trolley  and  railroad  companies  in  their  passenger 
divisions  are  not  selling  transportation,  but  transporta- 
tion plus  service.  The  class  of  cars,  stations,  waiting 
rooms,  etc.,  furnished  to  passengers,  as  well  as  the  extent 
or  efficiency  of  porter  service,  information  bureaus,  etc.,  are 
factors  entering  into  service  and  not  into  transportation. 
Furthermore,  during  rush  hours  the  rates  become  auto- 
matically higher  than  during  nonrush  periods,  for,  al- 
though 5c.  will  normally  pay  rental  for  a  seat  in  an 
urban  conveyance  between  10  and  11  a.m.,  it  does  not  by 
any  means  insure  the  passengers  even  having  a  strap  to 
cling  to  between  5  and  6  p.m.;  nor  would  it  be  possible 
for  public-service  commissions  or  courts  to  require  that 
the  service  at  the  two  periods  be  entirely  similar,  if  a 
flat  rate  were  to  be  maintained. 

During  rush  hours,  or  peak  loads,  on  a  telephone  sys- 
tem, wires  may  be  incessantly  "busy,"  and  on  a  telegraph 
system  messages  be  sent  in  the  order  of  their  receipt  or 
importance.  The  rate  may  be  no  higher  for  one  period 
than  the  other  when  duration  of  conversation  or  cost  per 
word  is  considered,  but  the  cost  of  service  is  undeniably 
increased. 

Fortunately,  central  stations  cannot  report  to  a  cus- 
tomer that  the  lines  or  stations  are  "busy"  during  rush 
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hours,  or  in  any  way  make  a  difference  in  the  quality  of 
the  service  rentlered,  but  they  can,  and  are  entitled  to. 
rliarge  an  adequate  rate  for  the  service. 

He  further  states:  "The  practice  of  the  central  station 
is  to  charge  anywhere  from  i/^c.  to  as  high  as  lau.  per 
kw.-hr.  In  almost  every  other  business,  such  as  trans- 
portation, communication,  etc.,  such  discriminatory  rates 
have  been  shown  to  be  illegal.  Probably  they  will  be  so 
held  in  connection  Avith  light  and  power  before  long  in 
many  of  the  states."  Mr.  Bigelow  might  Iiave  to  ad- 
vantage omitted  the  word  "such,"  for  simply  Ijccausc  a 
rate  varies  does  not  necessarily  mean  it  is  discriminatory. 
The  government  postal  rates  are  2c.  an  ounce  for  first- 
class  matter,  and  4  oz.  for  Ic.  for  second-class  matter — 
a  difference  of  8:1.  If  this  is  discrimination  it  affects 
many  more  than  merely  "50  helpless  small  users"  and 
Mr.  Bigelow  should  lend  every  effort  toward  any  move- 
ment which  will  stamp  it  out  or  at  least  lessen  the  differ- 
ence between  the  two  rates. 

Cecil  W.  Bkowx. 

New  London.  Conn. 


Direction    of  Flow    in  Brine  Cooler 

ifr.  Hooper  in  his  article  on  the  "Direction  of  Flow 
in  Brine  Cooler"  in  the  Nov.  11  issue  is  correct  in  his 
contention  that  the  brine  and  ammonia  should  flow  in 
opposite  directions  so  as  to  bring  the  warm  gas  and  brine 
at  one  end  and  the  cold  gas  and  cold  brine  at  the  other. 
Practically  all  ammonia  and  brine  double-pipe  coolers 
are  arranged  on  the  counter-flow  principle,  and  I  be- 
lieve Mr.  Hooper  will  find  that  he  will  obtain  better 
results  if  the  flow  of  brine  were  reversed. 

It  would  also  be  better  to  use  one  pump  for  one  ma- 
chine and  the  other  for  the  other,  but  so  connected  that 
in  case  of  one  pump  going  out  of  service  the  second  could 
be  used  temporarily  on  both  machines, 

^V.  L.  DUHAXD. 

Brooklvn.  X.  Y. 


In  the  shell  type  of  brine  cooler  better  results  are  some- 
times obtained  by  allowing  the  brine  to  flow  up  instead 
of  down  through  the  cooler  as  is  the  general  custom.  If 
the  cooler  is  so  operated  that  superheated  vapor  leaves  it, 
it  is  better  to  bring  the  warm  brine  in  at  the  top,  but 
wjien  saturated  and  even  wet  vapor  leaves  the  cooler, 
better  results  may  be  obtained  by  bringing  the  warm 
brine  in  at  the  bottom,  for  the  following  reasons : 

To  obtain  a  flow  of  liquid  and  vapor  through  the  cooler, 
a  pressure  difference  must  exist  in  it.  The  vapor  outlet 
being  at  the  top,  the  pressure  there  must  be  less  than  at 
the  bottom  where  the  liquid  enters,  and,  consequently, 
the  temperature  of  the  saturated  vapor  at  the  top  is  less 
than  that  of  the  boiling  liquid.  At  about  zero  gage  pres- 
sure the  boiling  point  of  the  liquid  ammonia  is  raised 
1  deg.  F.  for  an  increase  or  decrease  of  less  than  i/^  lb. 
in  the  suction  pressure.  Furthermore,  a  shell-type  brine 
cooler,  properly  installed  and  constructed,  will  contain  a 
considerable  quantity  of  liquid  ammonia,  when  in  full 
operation,  which  still  further  increases  the  pressure' dift'er- 
ence  between  the  top  and  the  bottom  of  the  cooler.  When 
they  are  used  in  connection  with  absorption  machines,  it 
has  been  found  best  to  bring  the  warm  brine  in  at  the 
bottom,  in  order  to  obtain  a  more  active  evaporation  of 


the  slightly  impure  anhydrous  ammonia,  which  neces- 
sarily results  from  the  operation  of  such  a  system,  as  it  is 
im])ossible  to  remove  all  the  water  va])or  brought  over 
from  the  generator. 

In  this  case  1  do  not  believe  that  the  results  will  be 
liettei'cd  by  a  change  in  the  direction  of  flow  of  brine,  for 
the  reasons  above  given. 

If  there  is  trouble  in  boiling  off  the  liquid  in  the  brine 
coolers,  it  is  probably  due  to  a  considerable  percentage  of 
water  being  contained  in  the  liqiiiil.  The  boiling  point 
of  this  mixture  is  higher  than  that  of  the  pure  liquid. 
This  difficulty  can  be  overcome  by  frequently  purging  the 
brine  cooler  and  also  by  so  adjusting  the  operation  of  the 
rectifier  that  the  temperature  of  the  ammonia  vapor  en- 
tering the  condenser  is  not  more  than  10  deg.  above  the 
boiling  point  of  the  liquid  ammonia  at  the  condenser 
pressure. 

With  regard  to  the  operation  of  the  brine  coolers  when 
o])erated  in  parallel  with  two  brine  pumps,  it  would  be 
advisable  to  so  cross-connect  the  pumps  and  coolers  that 
cither  pump  can  be  operated  on  either  cooler,  independent- 
ly. It  is  difficult  to  so  arrange  the  piping  connecting  the 
coolers  and  the  pumps  tkat  the  flow  of  brine  is  equally 
distributed  between  the  two  coolers,  even  though  they 
may  be  of  the  same  capacity  and  identical  in  construction. 

Feed  Ophuls. 

Xew  York  City. 

Preventing  Corrobion  of  Ammonia 
Purifier 

Onr  ammonia  purifier  only  lasted  four  years.  It  was 
pitted   so   badly    at   the   end   of   that   time   that   it   was 

not  safe  to  use  the 
cylinder  any  longer.  A 
new  one  was  ordered 
and  a  funnel  was  put 
around  it  even  with 
the  water  line  in  the 
basin  and  a  drip  pro- 
Aided  at  the  bottom  of 
this  funnel  to  drain 
off  the  moisture  from 
the  frost,  etc.  A  i/^-in. 
])ipe  was  also  wound 
around  the  bottom  of 
the  cylinder  and  the 
wer  ejul  run  back  up 
over  the  basin  and 
connected  to  a  trap. 
Then  the  basin  was 
filled  with  oil.  This 
arrangement  has  been 
operated  for  a  year 
with  no  sign  of  de- 
terioration. As  will  be 
ap]>arent  the  coil  is 
su]iplied  with  steam 
to  heat  the  contents  of 
the  purifier  and  facili- 
tate the  process.  Oil 
instead  of  water  is  used  in  the  basin  as  it  will  not  evap- 
orate so  readily. 

Albekt  W.\bxer. 
Apjileton.  Wis. 
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Taking  Pains  in  Designing 

In  no  branch  of  engineering  is  accuracy  of  detail  more 
important  than  in  the  design  of  power  plants.  The  op- 
erating engineer  knows  to  his  sorrow  that,  unless  com- 
plete working  drawings  are  provided,  the  installation  is 
certain  either  to  give  trouble  when  the  construction  force 
puts  it  together  or  to  cost  much  more  than  it  should. 

In  the  extension  of  a  plant,  for  example,  it  is  hazardous 
to  attempt  to  do  the  work  without  correct  drawings  of 
apparatus  location,  particularly  where  alterations  in  the 
situation  of  equipment  enter  the  problem.  Take  the  sin- 
gle matter  of  flue  connections.  Unless  these  are  carefully 
designed,  with  due  regard  to  expansion  and  contraction, 
ins])ection,  subsequent  accessibility  for  repairs  and  re- 
placements, and,  above  all,  to  the  elimination  of  leaks 
around  joints  and  the  minimizing  of  internal  friction 
losses,  either  the  cost  of  the  completed  work  will  be  ex- 
cessive or  the  plant  efficiency  will  suffer.  Extra  plates 
and  angles  in  breeching  may  not  be  expensive  in  them- 
selves, but  where  they  have  to  be  used  on  account  of  poor 
fits  or  too  little  care  in  the  making  of  preliminary  meas- 
urements in  the  boiler  room,  they  introduce  eddies  and 
back  currents  in  the  path  of  the  gases  going  to  the  stack 
and  cut  down  the  draft  accordingly. 

It  is  an  old  definition  of  engineering  to  denote  it  as  the 
art  of  making  one  dollar  do  the  work  of  two,  but  there 
are  still  too  many  people  of  the  opinion  that  money  saved 
in  cutting  down  preliminary  drawings  and  measurements 
is  real  engineering  economy.  The  power-plant  operator 
well  knows  that  much  hard  work  with  the  tape  and  scale 
must  be  done  in  any  job  of  planning  to  remodel  an  exist- 
ing active  installation  for  the  production  of  steam  or 
electric  power.  It  may  not  be  necessary  to  locate  every 
pipe  to  the  last  inch,  but  unless  the  plans  are  prepared  by 
somebody  who  knows  just  how  much  total  space  different 
sorts  of  piping  and  equipment  demand,  backed  up  by 
close  personal  investigation  on  the  local  site,  the  chances 
of  misfits,  exaggerated  sizes  in  passages,  cramped  ap- 
paratus units,  and  inconvenient  layouts  of  heavy  pipe  in 
places  hard  to  reach  are  almost  certain  to  result.  In  the 
past  there  has  been  too  much  reliance  upon  the  general 
drawing,  which  covers  a  multitude  of  sins  of  omission, 
and  too  much  reliance  upon  the  abilities  of  the  contractor 
along  the  lines  of  harmonizing  equipment  locations  into 
one  grand  symphony  of  concordant  operation. 

Whether  the  plant  owner  realizes  it  or  not,  the  task  of 
altering  a  comi3lex  installation  while  keeping  service  in- 
tact is  a  man's  job,  and,  to  get  the  best  results  requires 
the  united  efforts  of  the  man  behind  the  throttle  and  the 
fellow  on  top  of  the  drawing  board.  The  concern  which 
lets  its  operating  staff  in  on  the  ground  floor  when  bet- 
terments are  planned  and  set  in  motion  by  the  aid  of  out- 
side advisers ;  which  has  the  breadth  of  view  to  select  the 
best  ideas  put  forth,  regardless  of  whether  they  come  from 
the  coal  passer  or  from  the  head  of  the  consulting  firm ; 
and  which  resists  the  temptation  to  hasten  construction 


on  the  basis  of  iiisutliciently  detailed  drawings  ami  speci- 
fications is  the  one  which  really  cuiisei-vcs  its  resources 
and  saves  money  in  the  long  run. 


Attention  to  Blowoff  Valves 

In  this  issue  a  (  oiitriimtor  tells  ol'  how  he  was  unable 
to  close  a  blowoll'  valve  he  had  opened  to  let  water  out  of 
a  priming  lioiler.  A  pocket  knife,  which  had  evidently 
been  left  in  the  shell,  found  its  way  to  the  blowoti  pipe 
and,  when  the  valve  was  opened,  was  carried  into  the 
valve  and  wedged  there.  As  there  was  no  blowoff  cock 
or  second  valve  on  the  line,  the  lire  had  to  be  drawn  to 
prevent  burning  the  shell  after  the  water  had  drained  out. 

This  case  is  only  one  of  many  similar  uear-accidents 
due  to  blowotf  valves  being '  held  open  by  foreign  sub- 
stance.s,  such  as  waste,  nuts,  pliers,  parts  of  overalls,  etc. 

The  poc!kets  of  overalls  usually  wear  through  quite 
quickly,  owing  to  their  being  "worked  at  considerably 
above  rating"  as  one  might  term  it.  Further,  they  are 
wide  and  too  shallow,  allowing  such  tilings  as  a  jjocket 
knife,  small,  flat  monkey  wrench,  screwdriver,  etc.,  which 
engineers  usually  carry,  to  easily  fall  out.  With  pockets 
filled  with  such  things  and  the  inevitable  "bunch"  of 
waste  hanging  half  way  out,  it  is  not  only  possible  but 
very  probable  that  something  will  be  "squeezed"  out  as 
the  wearer  wiggles  himself  through  a  manhole.  If  such 
things  drop  out  as  he  enters  the  boiler,  he  will  undottbted- 
ly  find  them  as  he  begins  cleaning  or  inspecting. 

Being  cramped  in  a  boiler  is  not  conducive  to  comfort, 
especially  if  the  dry  pipe  leaks,  and  one  is  always  glad 
and  anxious  to  get  out.  It  is  in  the  haste  of  getting  out 
that  things  dropped  from  the  pockets  are  likely  to  be 
left  behind. 

Another  practice  that  has  nothing  to  commend  it  is 
that  of  having  the  night  watchman  blow  off  the  boilers 
before  the  eiiffineer  or  fireman  ai'rivcs. 


The  Gas -Engine  Outlook 

Many  who  listened  to  the  discussion  at  the  recent  meet- 
ing of  the  Gas  Power  Section  of  the  American  Society  of 
Mechanical  Engineers  doubtless  detected  beneath  the  ap- 
parent optimism  of  the  remarks  in  general,  a  feeling  of 
apprehension  as  to  the  future  of  the  gas  engine. 

For  many  years  this  type  of  prime  mover  was  handi- 
capped by  features  of  design,  but  these  seem  to  have  been 
successfully  overcome.  Another  obstacle,  with  certain 
kinds  of  gas,  has  been  the  presence  of  tar;  but  with  the 
more  approved  methods  of  cleaning  and  careful  attention 
on  the  part  of  tb.e  operator  this  has  been  reduced  to  a 
minimum.  The  limitations  now  appear  to  be  chiefly  com- 
mercial and  in  spite  of  its  high  thermal  efficiency,  the 
gas  engine  has  failed  to  meet  the  predictions  of  its  most 
enthusiastic  advocates. 

In  the  small  and  medium  sizes,  although  apparently 
holding  its  own,  the  gas  engine  is  at  a  disadvantage  com- 
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ared  with  the  steam  engine,  where  there  is  a  demand 
)r  exhaust  steam.  Obviously,  the  solution  lies  in  the 
iccessful  utilization  of  the  waste  heat;  that  is,  from  the 
Doling  water  and  the  exliaust  gases,  but  more  partieular- 
•  the  latter.  Little  has  been  done  in  this  country  along 
lis  line,  but  the  problem  is  now  actively  engaging  the 
ttention  of  European  engineers  and  some  progress  has 
een  reported. 

For  large  powers,  however,  the  steam  turbine  seems 
3  be  in  undisputed  possession  of  the  field  (exclusive  of 
ydro-electric  plants)  and  the  gas  engine,  except  for  spe- 
ial  service,  such  as  in  steel  mills,  occupies  a  position 
nalogous  to  the  large  steam  engine.  In  other  words,  its 
mitations  as  to  size  have  been  reached  and  the  present 
emand  in  central-station  practice  is  for  large  units  and 
igh  speed. 

The  future  of  the  internal-combustion  engine  for  large 
lowers  apparently  lies  in  the  development  of  a  successful 
■as  turbine.  A  number  have  been  built,  but  as  yet  have 
lot  reached  the  commercially  successful  stage.  But  when 
t  is  recalled  that  the  evolution  of  the  steam  turbine  oc- 
upied  a  long  period  of  years,  there  is  no  occasion  to  be- 
ome  discouraged  over  the  progress  of  the  gas  turbine. 

Mr.  Pinchot's  Views  on  the  Hetch- 
Hetchy  Grant 

After  ten  years  of  controversy  over  the  subject,  the 
Jnited  States  Senate  passed  the  Hetch-Hetchy  dam-site 
)ill  on  Dec.  6.  The  bill  was  passed  by  the  House  of  Eepre- 
entatives  several  months  ago.  At  the  time  of  going  to 
)ress,  however,  it  has  not  yet  been  signed  by  the  President, 
t  authorizes  the  city  of  San  Francisco  to  acquire  a  new 
nunicipal  water  supply  by  building  a  dam  in  the  Yosem- 
te  iSTational  Park,  one  hundred  and  sixty  miles  from 
he  city,  which  will  store  the  flood  waters  of  the  Tuolumne 
Siver.  The  dam  will  be  three  hundred  and  twenty-five 
'eet  high,  and  the  reservoir  created  will  be  from  seven  to 
'ight  miles  long  and  one  to  one  and  a  half  miles  wide, 
vith  a  capacity  of  seven  hundred  and  fifty  thousand  acre- 
"eet.  This  reservoir  is  expected  to  furnish  the  city  with 
I  water  supply  of  four  hundred  million  gallons  a  day,  and 
t  is  estimated  that  it  will  cost  the  city  seventy-seven  mil- 
ion  dollars  to  complete  the  project.  At  a  special  election 
1  few  months  ago  the  people  voted  for  a  bond  issue  ot 
forty-five  million  dollars  to  begin  the  work. 

Army  engineers  estimate  that  the  city  will  be  able  to 
generate  one  hundred  and  fifteen  thousand  horsepower  as 
1  byproduct  of  the  water-works.  The  bill  passed  by  Con- 
gress requires  the  city  to  make  provision  for  allowing  the 
full  natural  flow  of  the  stream  to  be  used  for  irrigation, 
and  for  furnishing  electric  light  and  power  at  low  cost 
to  irrigationists.  San  Francisco  is  to  build  roads  into 
the  Hetch-Hetchy  Valley,  which  has  been  almost  inac- 
L'essible,  and  around  the  lake  to  be  created.  Sale  of  water 
and  electric  current  by  the  city,  to  other  municipalities 
and  to  private  users,  is  to  be  subject  to  regulation  by  the 
Department  of  the  Interior,  and  the  taxes  exacted  by  the 
government  will  be  governed  by  the  quantity  of  electricity 
generated  and  the  rates  charged. 

Although  it  was  shown  that  less  than  three  hundred 
people  a  year  have  visited  the  Hetch-Hetchy  Valley, 
which  is  described  as  a  swampy  section  at  about  three 
thousand   feet   elevation,   hot   and    mosquito-infested,    a 


group  of  nature  lovers  made  a  desperate  fight  against  the 
passage  of  the  bill,  on  the  ground  that  the  dam  will  dese- 
crate and  destroy  the  beauty  of  the  valley.  Thousands  of 
dollars  were  spent  by  the  nature  lovers  in  a  lobby  fight 
against  the  legislation,  and  San  Francisco  people  alleged 
that  much  larger  sums  were  secretly  spent  in  opjwsition 
to  the  measure  by  the  private  water  and  power  companies 
which  now  monopolize  the  city's  water  supply,  and  large- 
ly monopolize  the  hydro-electric  power  on  the  Pacific 
coast. 

The  bill  was  approved  by  Franklin  K.  Lane,  Secretary 
of  the  Interior;  Secretary  Houston,  of  the  Department 
of  Agriculture,  and  Frederick  A.  Xewell,  chief  of  the 
Eeclaniation  Service.  Giflord  Pinchot,  former  chief 
forester  of  the  United  States,  and  the  leader  in  the  con- 
servation movement,  actively  supported  the  passage  of  the 
measure.  When  interviewed  by  a  representative  of 
Power,  after  the  passage  of  the  bill,  Mr.  Pinchot  said : 

"I  regard  the  passage  of  the  Hetch-Hetchy  bill  as  a 
distinct  victory  for  conservation  and  good  government. 
Conservation  means  use  of  natural  resources  for  the  bene- 
fit of  the  greatest  number;  neither  exploitation  for  the 
benefit  of  a  few,  nor  the  holding  from  use.  San  Francisco 
needs  a  better  water  supply  and  the  Hetch-Hetchy  is  the 
best  and  by  far  the  most  economical  supply  available,  and 
certainly  water  can  be  put  to  no  higher  use  than  for 
domestic  purposes. 

"If  the  natural  beauty  of  this  valley  is  at  all  injured 
by  substituting  a  lake  for  the  present  swampy  floor  of 
the  Hetch-Hetchy,  it  is,  in  my  opinion,  altogether  unim- 
portant as  compared  with  the  benefits  to  he  derived  from 
its  use  for  a  reservoir.  If  less  beautiful,  which  I  doubt, 
it  will  be  far  more  accessible  after  San  Francisco  has 
built  the  roads  required  under  the  grant.  It  is  not  true 
that  San  Francisco  has  been  given  control  of  any  im- 
portant part  of  the  Yosemite  Park,  and  the  grant  will  in 
no  wise  aifect  the  beauties  of  the  Yosemite  Valley,  which 
are  far  removed  from  Hetch-Hetchy." 

"Much  of  the  opposition  to  the  Hetch-Hetchy  bill,  it  is 
asserted,  has  had  its  root  in  the  unwillingness  of  water 
power  and  transportation  interests  in  and  around  San 
Francisco  to  see  the  city  get  possession  of  the  large  hydro- 
electric power  it  will  be  able  to  develop  from  the  proposed 
dam.  I  believe  the  public  welfare  will  be  better  served  by 
use  of  the  Hetch-Hetchy  Valley — a  use  which  will  not 
destroy  its  beauty — rather  than  by  keeping  it  untouched 
for  the  benefit  of  the  very  small  number  of  comparatively 
well  to  do  people  to  whom  it  has  been  accessible.  The 
fight  of  the  nature  lovers  has  been  for  the  esthetic  en- 
joyment of  less  than  1  per  cent,  of  the  people  against  the 
daily  comfort  and  happiness  of  99  per  cent.  When  they 
come  to  see  the  actual  results  of  the  grant,  after  the  ex- 
citement of  the  contest  is  over,  I  am  certain  that  they 
will  be  glad  and  not  sorry  that  the  bill  was  passed.  They 
have  made  a  very  lively  fight,  and  were  fairly  beaten,  and 
as  good  citizens  I  feel  confident  they  will  accept  their 
defeat  without  bitterness.  In  passing  the  bill,  I  believe 
Congress  has  acted  wisely  and  well  and  in  the  interest  of 
all  the  people." 

Those  desiring  the  index  of  Power  for  the  second  half 
of  1913  may  send  in  their  names  at  any  time.  The  index 
will  be  ready  to  mail  as  soon  as  possible  after  the  apjjear- 
ance  of  the  last  issue  of  the  present  volume. 
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Averaging  Recording-Gage  Records 

Referring  to  the  article  by  Lloyd  W.  Taylor  published 
in  Power  for  Nov.  11,  and  relating  to  the  averaging  of 
recording-gage  records,  it  is  unfortunate  for  the  casual 
reader  that  the  author  does  not  more  clearly  draw  a  dis- 
tinction between  methods  and  formulas  which  are  exact 
in  principle  and  those  which  are  only  approximate  and 
which  will  of  necessity  involve  an  error  which  may  be 
large  or  small  depending  on  circumstances. 

The  method  proposed  by  Mr.  Taylor  is  fundamentally 
the  same  method  which  has  been  proposed  by  various 
writers  and  under  various  forms  and  depends  on  exactly 
the  same  principle  as  indeed  must  all  methods  which 
attempt  to  derive  a  mean  polar  ordinate  by  the  use  of  the 
ordinary  area  planinieter. 

These  methods  substitute  the  square  root  of  a  mean 
square  for  the  simple  mean,  an  assumption  which  is 
fundamentally  in  error.  The  magnitude  of  the  error 
will  depend  on  the  character  of  the  diagram  and  may 
be  important  or  unimportant  according  to  circumstances. 
The  point  of  chief  importance,  however,  is  that  when 
the  reader  of  an  engineering  paper  is  given  a  rule  or  a 
method  for  doing  something  he  should  be  told  plainly 
whether  the  method  is  correct  in  jirinciple  or  otherwise 
to  the  end  that  he  may  know  exactly  the  sources  and 
character  of  the  errors  liable  to  be  encountered. 

In  the  case  of  the  method  proposed  by  Mr.  Taylor  the 
procedure  is  simply  a  program  for  finding  the  radius  of 
the  circle  whose  area  is  equal  to  that  of  the  actual  dia- 
gram, and  then  e.xpressing  the  equivalent  of  this  radius 
in  scale  divisions.  The  central  feature  of  the  whole  pro- 
gram is  the  determination  of  the  radius  and  the  use  of 
this  radius  as  the  mean  for  the  irregular  diagram.  This 
is  exactly  the  use  of  the  square  root  of  a  mean  square 
instead  of  the  true  mean. 

The  procedure  specified  seems  needlessly  long  and  com- 
plicated. For  those  who  may  desire  to  use  the  ordinary 
planimcter  the  following  method  will  be  found  the  exact 
equivalent  of  Mr.  Taylor's,  requiring  the  use  of  no  special 
table  and  only. three  steps,  as  follows: 

1.  Find  with  the  common  planimeter  the  area  of  the 
diagram  in  any  convenient  units,  say,  square  inches. 

2.  Find  by  suitable  procedure  the  value  of  r.  This 
will  be  the  radius  (in  inches)  of  the  circle  of  equivalent 
area. 

3.  Lay  off  on  the  chart  this  distance  as  a  radius  from 
the  center,  and  the  point  thus  determined  will  give,  ac- 
cording to  the  reading  on  the  chart,  the  value  sought. 
Or,  if  more  convenient,  from  the  radius  found  in  (2) 
subtract  the  radius  of  the  zero  circle  and  lay  off  the  re- 
mainder along  a  radial  line  from  the  zero  circle.  The 
result  will  be  the  same. 

The  common  type  of  planimeter  is  exact  in  theory  for 
finding  areas  and  the  only  errors  involved  in  its  use  are 
those  due  to  instrumental  imperfection  and  to  personal 
error  in  manipulation.  When  the  attempt  is  made  to  use 
the   instrument  for  averaging  radial  ordinates  there  is 


of  necessity  added  an  error  of  theory  or  of  fundamental 
principle,  and  this  error,  however  disguised,  is  essential- 
ly that  of  taking  the  square  root  of  a  mean  square  instead 
of  a  true  mean.  Similarly  the  radial  averaging  instru- 
ment is  exact  in  theory  for  finding  the  mean  radius  of  a 
diagram  drawn  in  polar  coordinates,  and  the  only  errors 
involved  in  its  use  are  those  due  to  instrumental  imper- 
fection and  to  personal  error  in  manipulation.  If  an 
attempt  were  made  to  use  this  instrument  for  the  deter- 
mination of  area,  there  would  be  added  a  further  error 
of  theory  or  of  fundamental  principle. 

If,  then,  the  common  planimeter  is  to  be  used  for  av- 
eraging polar  diagrams  it  should  be  with  a  full  recogni- 
tion of  the  source  and  character  of  the  error  in  principle 
which  is  involved,  and  it  should  not  be  so  employed  with 
the  idea  that  the  resultant  errors  will  be  limited  to  those 
which  characterize  its  use  for  the  determination  of  areas. 

W.  L.  DriUND. 

Brooklyn,  N.  Y. 


A  Simple  Flywheel  Jack 

A  few  years  ago  the  writer  was  serving  as  assistant 
engineer  in  a  large  power  house  and  one  of  the  daily 
bugbears  was  the  turning  over  of  a,  500-hp.  horizontal 
tandem  steam  engine.  The  difficulty  was  finally  over- 
come by  making  the  simple  flywheel  jack  shown  in  the 
accompanying  sketches. 

The  part  A  is  of  machine  steel  and  should  have  its 
inner  faces  well  cut,  similar  to  a  file  so  it  will  take  a  good 
"bite"  on  the  flywheel  rim.     A  few  general  dimensions 
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Details  of  Engine  Jack 


are  suggested  in  the  drawings,  but  these  will  vary  with 
the  size  of  the  engine  to  be  turned  over.  This  flywheel 
was  a  ponderous  affair,  but  the  jack  turned  it  over  easily. 
The  main  lever  may  be  of  wood.  We  used  a  piece  of  2- 
in.  steam  pipe.  The  jack  parts  A,B,  0  and  £>  were  made 
up  in  the  machine  and  forge  shops. 

In  operation  the  action  of  lifting  up  on  the  long  lever 
automatically  lets  the  clutch  shoe  A  drop  down  for  an- 
other hold  on  the  flywheel  rim.  The  inside  span  of  the 
shoe  A,  as  the  dimension  X,  should  be  about  %  in.  more 
than  the  thickness  of  the  rim,  for  a  large  rim.     For 
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smallur  niiis,  say,  about  2  in.  thifk.  the  dinioiision  .\'  may 
be  about  V4  in.  greater  tliaii  the  riiu  de])th.  The  stand- 
iud  D  is  made  of  a  .short  length  of  3-iu.  pipe. 

H.  W.  Skcou. 

,\r\v    ^■.>^k    I'llv. 


Another  Water-Level  Indicator 

A  .sim]ile  ami  reliable  water-level  imlieatcjr  is  here 
shown.  When  (he  reserve  or  sui)ply  tank  is  loeated  wliere 
it  is  not  visible  from  the  pump  house,  some  method  should 
be  used  to  indicate  the  height  of  water  in  the  tank. 

The  indicator  herewith  illustrated  will  show  when  the 
tank  is  full.     Branch  wires  A  from  an  ordinary  lighting 


D 


Water-Level  Indicator 

circuit  are  run  to  the  tank  and  continued  to  the  pump 
house,  or  to  several  stations  if  required.  A  copper  float  B 
is  attached  to  a  rod,  the  top  of  which  has  a  brass  plate. 
The  rod  should  be  insulated  from  the  plate  and  guided  by 
clamps  C  and  C\  When  the  tank  fills  the  rod  will  close 
the  lighting  circuit  by  bridging  the  space  at  D  and 
the  lamp  E  will  light.  By  attaching  an  arm  to  the 
float  rod  it  can  be  arranged  to  also  show  when  the  tank 
is  empty  by  taking  a  couple  of  drop  wires  from  the 
line  A  on  the  lamp  side  and  arranging  a  break  like  D 
near  the  upper  strap  or  guide. 

James  E.  Noble. 
Toronto,  Out.,  Can. 


Buckling  of  Boiler  Tubes 

I  read  with  interest  the  discussions  under  this  title 
which  have  -ipjieared  in  Power  during  the  last  few  months 
and  have  studied  the  subject  and  made  observations 
thereon. 

I  believe  that  the  upward  buckling  of  tubes  in  hori- 
zontally batlilcd  water-tube  boilers  is  due,  primarily,  to 
the  fact  that  nearly  all  the  heat  absorbed  by  the  water 
in  jiassiug  through  a  tube  is  taken  from  the  lower  half, 
thus  keeping  this  part  cooler  and  shorter  than  the  upper 
half.  This  conclusion  is  supported  bv  the  following 
facts : 

The  upper  part  of  the  tulie  is  in  contact  with  a  mixture 
of  steam  and  water,  which  is  a  poor  conductor  of  heat. 
The  bottom  of  the  tube  is  in  contact  with  water.  The 
efficiency  of  heating  a  liquid,  as  water,  by  convection  is 


ininiensely  greater  tlian  tiiat  (if  heating  a  mixture  of 
va]ior  and  water  by  conduction. 

Therefore,  since  the  lower  \y,\xX  of  the  tube  offers  the 
more  efficient  avenue  of  escape  for  the  heat,  it  follows 
tluit  the  rate  of  heat  transfer  therefrom  is  much  greater 
than  from  the  upper  part  and  it  is,  consequently,  at  a 
lower  temperature.  Much  of  the  heat  absorbed  by  the 
to])  of  the  tube  is  conducted  toward  the  bottom  before  it 
enters  the  water. 

I  measured  the  deformation  of  the  tubes  in  tliree  150- 
hp.  horizontally  baffled  boilers  and  found  that  in  all  the 
tubes  were  buckled  upward,  that  the  buckling  was  great- 
est in  the  lower  row,  that  the  middle  tubes  of  each  row 
were  buckled  more  than  the  outer  ones  and  that  the  tojjs 
of  the  bends  in  the  lower  row  were  about  41/^  ft.  from 
the  front  water  leg. 

That  the  middle  tubes  were  the  most  buckled  may  be 
explained  by  the  fact  that,  they  being  directly  under  the 
steam  drum,  the  circulation  was  more  direct  and  better 
than  in  the  outer  tubes  and  that  the  better  the  circula- 
tion the  greater  the  rate  of  heat  transfer  from  the  bottom 
of  the  tube  and  the  greater  the  temperature  difference 
between  the  top  and  bottom.  Also,  the  gases  are  probably 
hotter  away  from  the  walls  of  the  setting. 

That  the  lower  row  buckles  most  may  be  due  to  the 
radiation  from  the  fire  heating  the  baffle  tile,  which  con- 
ducts the  heat  to  the  top  of  the  tube. 

In  vertically  baffled  boilers  the  heat  flow  from  the  fur- 
nace gases  into  the  water  is  much  more  complex  than  in 
horizontally  baffled  boilers,  therefore,  its  effect  in  deform- 
ing the  tube  may  also  be  expected  to  be  more  complex. 

Keller  Shank. 

Fort  Wint,  P.  I. 


Grease  Cup  for  Crankpin 

In  our  plant  we  have  a  12xl2-in.  engine  running  l.'O 
r.p.m.  and  driving  a  70-kw.  generator  furnishing  current 
for  motors  driving  centrifugal  pumps  and  for  lighting. 
As  this  engine  'Sometimes  has  to  run  12  hr.  without  a  stop 
and  as  we  had  only  a  common  grease  cup  on  the  crank 

{fjtg  Bushing  affachedio 
crankpin 


Grease  Cup  foe  LrnnicATiNG  Crankpin 
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Mliirh  was  impossible  to  fill  when  the  engine  was  run- 
ning, I  made  the  device  shown,  which  is  simple  and  gives 
gdod  satisfaction  as  the  grease  cup  is  stationary. 

In  the  drawing,  A  is  a  foot  flange  for  fi/j-in.  pipe  used 
for  fastening  railings  to  the  floor.  A  i^xli4-in.  bushing 
/>',  Yi-in.  nipples  G  and  6",  and  a  i/^-in.  tee  D  arc  used. 
The  i/o-in.  coupling  forms  the  stuffing-box,  the  end  of  the 
nipple  C  making  the  bottom  against  which  the  packing 
rests.  The  bushing  P  forms  the  gland,  which  is  i/2X'!s 
in.  The  Vi-i'i-  pipe  G  slips  inside  the  bushing  and  is 
tlircaded  on  one  end  only,  the  other  end  turning  in  the 
stuffing-box.  All  the  other  fittings  shown  are  14  in.,  ex- 
cept the  bushing  H  and  the  cup  ,/. 

Pkrky  Baktram. 

Cedar  Point,  111. 

Preserving  Separator  Gage-Glasses 

Nearly  every  engineer  knows  that  it  is  difficult  to  keep 
the  glass  gages  in  steam  separators  from  breaking. 

JIany  causes  for  the  breakage  of  these  glasses  are  as- 
signed, but  my  theory  is  that  the  changing  velocities  of 
the  steam  flowing  through  the  separator   is   princijially 


CiRCULATixG  Pipe  to  Prevent  Breaking  of 
Separator  Gage  Glass 

accountable  for  the  breakage  of  the  gage-glasses.  These 
velocity  changes  occur  so  rapidly  as  to  create  a  partial 
vacuum  in  the  glass  on  account  of  its  small  area.  Though 
it  lasts  only  for  an  instant,  the  temperafure  is  reduced 
sufficiently  to  produce  a  cracked  glass.  Perhaps  one  or 
a  number  of  the  changes  would  not  break  the  glass,  but 
a  number  of  them  occurring  continuously,  especially  as 
often  particles  of  water  adhere  to  the  sides  of  the  glass, 
caui-;e  the  glass  to  break. 

The  pipe  at  the  side  of  the  glass  in  the  illustration  al- 
lows for  enough  additional  circulation  to  nullify  the  con- 
ditions referred  to  above,  and  leave  the  temperature  of  the 
glass  somewhat  constant. 

W.  Oliver. 

Bethlehem,   Peim. 

Pocket  Knife  in  Blowoff  Valve 

Upon  entering  the  boiler  room  I  noticed  an  unusually 
higli-water  level  in  one  of  the  boilers.  As  I  had  had 
trouble  with  the  boilers  priming,  due  to  the  heavy  load  on 
them,  it  was  necessary  to  keep  the  water  as  low  as  pos- 
sible, so  I  proceeded  to  open  the  blowoff  valve,  but  I  was 
unable  to  close  it  when  the  water  fell  to  the  proper  level. 
The  fire  was  ]ndl(Ml  and  (lie  boiler  cut  off  from  the  liiu\ 


after  which  I  examined  the  valve  to  learn  the  cause  of 
the  trouble.  The  valve  referred  to  is  an  angle  valve,  and 
I  found  a  pocket  knife  lodged  between  the  valve  and  its 
.seat. 

There  arc  two  lessons  to  be  learned  from  this  little  in- 
cident, the  first  is  that  we  should  be  very  careful  to  leave 
nothing  in  the  boiler  that  can  enter  the  blowoff  pipe  when 
washing  out,  second,  that  there  should  be  two  valves  in 
the  blowoff  ]ii]X',  so  if  one  fails  the  other  can  be  put  into 
service.  This  imident  took  place  in  an  ice  plant  and  I 
was  obliged  lo  shut  down  one  of  the  ice  machines  while 


the  boiler  was  being  put  back  in  service.    A  shutdown 
three  or  four  hours  means  much  in  an  ice  plant,  especial 
in  the  busy  .season. 

E.  0.   H.UULL. 

Salem,  ()hio. 


Linseed  Oil  for  Hot  Journal 

Troubled  with  a  hot  crankpin,  I  tried  all  of  the  cus- 
tomary methods  with  but  little  success.  Noticing  a  can 
of  boiled  linseed  oil  on  the  engine-room  floor,  I  tried  some 
with  surprising  results.  Since  that  I  have  found  that 
applications  of  boiled  linseed  oil  alternately  with  a  1  to  1 
mixture  of  engine  and  cylinder  oil  have  given  the  best  re- 
sults in  cooling  hot  journals. 

Jajies  Beggs. 

Montreal,  Can. 


Drains  for  Dry  Pipe 

Eecently  I  recommended  a  dry  ]npc  made  as  illustrated 
to  be  placed  inside  a  steam  boiler  to  prevent  priming,  and 
suggested  that  a  small  hole  be  drilled  on  the  under  side 
of  each  end  to  prevent  an  accumulation  of  water  while 
the  boiler  wa.s  standing  idle.  The  total  area  of  the  small 
holes  in  the  dry  pipe  should  equal  to  double  the  area  of 
the  steam  pipe. 

The  engineer  in  charge  when  the  pipe  was  being  in- 
stalled advised  that  the  drain  holes  be  plugged.  He  main- 
tained that  they  were  an  unnecessary  precaution  and  tliat 
they  affected   the  efficiency  of  the  device,   arguing  that 


Showing  Location  of  Drain 

as  soon  as  the  boiler  began  to  steam  any  water  in  the 
dry  pipe  would  alisorb  the  latent  heat  in  the  steam  and 
evaporate,  so  that  before  the  boiler  was  ready  to  be  cut 
in,  the  dry  pipe  would  contain  steam  only. 

Engineers  seem  to  differ  regarding  this  and   T  tliiuk 
it  a  good  topic  for  discussion. 

Burt  N.  Everett. 

Jamestown,  N.  Y. 
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Trigonometry — V 

Last  Lesson's  Axswers 

16.     Prom  equation  11   (last  lesson) 

gin  75°  =  sill  30°  X  cos  45°  +  cos  30°  X  »i>i  -15° 
(liven  sin  30°   =  V^  then,  by  equation  1    (Lesson  III) 
and  as  worked  out  in  answer  14  (Lesson  IV)  cos  30°  = 

— -^.     Also,  jriven  sin  45°  =  V  h,  then,  as  explained  in 

answer  15,  cos  45°  =  V  ^■ 

Now,  substituting  in  the  above  equation 


V  3 


in  75°  =  hX^  l+^Xyl  ^=  TT?^  +  :, 


V3 


2  V  3  ^  2  V" 


1  +  V  3 


=  O.iHioO 


2  V  2 

Note  that  this  agrees  with  the  value  given  in  the  table 
in  Ijesson  II. 


Fig.  6. 

IT.     From  equation  12, 

sin  15°  =  sin  45°  X  cos  30° 
substituting  the  values 


cos  45°  X  sin  30° 


SI 


in  15°  =  V  i  X 


^^V3_    ,^ 


V3 


V  ^  Xi  = 


■=-  =  0.2588 


V  3 


1 


2  V  2       2  \  2 


2  V  2 
which  also  agrees  with  the  value  given  in  the  table. 

18.  Required  an  expression  for  sin  (A  -\-  B)  +  sin 
(A  —  B).  Substituting  their  values  as  given  in  equa- 
tions 11  and  r? 

sin  (A  +  B)  +  sin  (.4  —  B)   =   (sin  A  cos  B  + 

cos  A  sin  B)  +  {sin  A  cos  B  —  cos  J.  sin  B) 
Simplifving 
sin  (A  -L  B)  +  sin  (A  —  P)  =2  sin  A  cos  B 

19.  Referring  to  Fig.  6,  let  angles  CAB  and  BAD 
represent  any  two  angles  .4  and  B,  as  in  the  derivation  of 
equation  11.  It  is  required  to  find  an  expression  for  cos 
(A  +  B).  which  is  -1/  in  Fig.  6. 

Evidently 

.4/  =  AG  —  IG 
or,  «ince 


/' 


=  IIF 
A  G  —  HF 


A I 
By  similar  triangles 

AG  _  AF 
AE  ~  AB 

AF  X  AF      cos  A  cos  B 


AG  = 


AB 


Also,  by  similar  triangles 
HF 
BE 

BE  X  DF 


DF 
AB 


HF  = 


AB 


sin  A  sin  B 
1 


Sub.stituting  in  the  equation  for  .4/ 

cos  (.4  -{-  B)  =  cos  A  cos  B  —  sin  A  sin  B       (13) 

Another    demonstration   may   be   made    directly   from 

equation  12.     Since  A  is  any  angle,  the  complement  of 

any  angle  may  be  substituted,  as  90°  —  .4.   Putting  this 

in  equation   13  gives 

sin  (90°  —  A  —  B)  =  sin  (.10°  —  .4)  cos  B  — 
cos  (90°  —  .4)  sin  B 
But  90°  _  4  —  5  =  90°  —  (.4  +  B)  and  sin  [90°  — 
(A  -\-  B)'\  =  the  sine  of  the  complement  of  (A  -\-  B) 
or  cos  {A  -\-  B).  Also  sin  (90°  —  A)  =  cos  A  and  cos 
(90°  —  A)  =  sin  A.  Substituting  then  in  the  above 
equation  it  reduces  to  the  form  of  equation  13. 

30.  As  in  the  derivation  of  equation  12,  now  let  angle 
A  be  represented  bv  angle  CAD,  Fig.  6,  and  angle  B  by 
angle  C.4J5.     Aijain," 

AG—  IG  =  -4/ 
or,  since  IG  ^  HF 

AG  —  HF  =  AI  =  cos  A 
By  similar  triangles,  as  before, 


AG 


AE  X  AF 
AB 


which,  with  the  present  angles,  means 

AG  =  cos  B  cos  (A  —  B) 
Also  bv  similar  trians;les 


HF 
BE 


DH 
AE 


BE^  X  DH  _  sin  B  X  DH 

~         AE  'FoTB 

but 

DH  =  DI  —  HI  =  DI  —  FG  =  sin  A  - 
and  by  similar  triangles  again 

FG      AF 
BE  ~  A  B 


FG 


FG 


then 


DH 


BE  X  AF 
AB 

sin  A  — 


=  sill  n  cos  (A  —  B) 
sin  B  cos  (A  —  B) 
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.lin  B  [sin  A  —  sin  B  cos  (A  —  B)] 
cos  B 


tan  (A  +  B) 


cos  A  cos  B  —  sin  A  sin  B 


Dividing  the  numerator  and  denominator  of  tlie  second 
term  hy  cos  A  cos  B 


tan  {A  +  £)  = 


sin  A  cos  B       cos  A  sin  B 
cos  J    COS  B      cos  A  cos  B 


cos  A  cos  B 


i7i  A  sin  B 


cos  A  cos  B      cos  A  cos  B 


Canceling 


tan  {A  +  B)  = 


sin  A       sin  B 
cos  A       cos  B 


1 


sin  A       sin  B 
COS  A       cos  B 


and.   again,  the  sine   divided  by  the  cosine  of  an  angle 
being  equal   to  its  tangent, 

tan  A  +  tan  B 


tan  {A  +  B)  = 


tan  A  tan  B 


(15) 


Xext  to  prove  that  the  tangent  of  the  difference  of  iivo 
auffles  is  equal  to  the  difference  of  their  tangents,  divided 
hij  1  plus  the  product  of  tJieir  tangents. 

The  demonstration  is  precisely  similar  to  the  last  ex- 
cept that  equations  12  and  14  are  used,  showing  that 

sin  (A  —  B) 

tan  (A  —  B)  = i-j ^ 

^  '       cos  {A  —  5) 

sin  A  cos  B  —  cos  A  sin  B 
~  sin  A  sin  B  +  cos  A  cos  B 

Again,   dividing  the  numerator  and  the  denominator 


of  the  last  term  by  cos  A  cos  B 

sin  A  cos  B 


cos  A  sin  B 


Now  t-uljstituting  the  values  of  AG  and  IIF  in  the  equa- 
tion that  ef|Hals  cos  A 

COS  B.X..  (A  -  B)  ~  ''"  ^  ^''"  '^  -  "^  "''  (--^  -  -^)] 

cos  B 

=  cos  A 

Mul1i|)lying  through  by  cos  B  to  eliminate  the  fraction 
CVS-  B  cos  (A  —  B)  —  sin.  A  sin.  B  -\-  sin'-  B  cos 
(A  —B)  =  cos  A  cos  B 
or 

{,'<>..-  H  +  sin-  B)  cos  (J  —  /?)   =  sin  A  sin  B  + 
cos  A  cos  B 
or,  ."inee  cos-  B  -\-  sin-  B  ^  \ 

cos  {A  —  B)  =  sin  A  sin  B  +  cos  A  cos  A  (14) 

Functions  of  the  Sum  and  Diffekence  of 
Angles  Continued 

Having  now  .studied  the  sines  and  cosines  of  the  sums 
and  differences  of  two  angles  it  will  be  .sufficient  to  fur- 
ther consider  only  the  tangents  and  cotangents.  It  is  to 
be  jsroved  that  the  tangent  of  tJie  sum  of  two  angles  ts 
equal  to  the  sum  of  their  tangents,  divided  by  1  minus 
the  product  of  their  tangents. 

As  the  tangent  of  any  angle  is  equal  to  its  sine  divided 
by  its  cosine. 

tan  (A  +  B)=  ^^^-^j^ 

Therefore,  from  equations   11  and   13 

sin  A  cos  B  +  cos  A  sin  B 


tan  {A  —  B) 


cos  A  cos  B      cos  A  cos  B 
sin  A  sin  B      cos  A  cos  B 


cos  A  cos  B      cos  A  cos  B 
which,  by  cancellation  and  the  substitution  of  the  tangent 
for  the  sine  divided  by  the  cosine,  reduces  to 

tan  {A  ~B)=    ^^^-  ^^^  ^ 

^  '       1+  tan  A  tan  B  ^     ' 

Study  Questions 

21.  Show  that  the  cotangent  of  the  nim  of  two  angles 
is  equal  to  the  product  of  their  cotangents  minus  1, 
divided  by  the  sum  of  their  cotangents. 

32.  Show  that  the  cotangent  of  the  difference  of  two 
angles  is  equal  to  the  product  of  their  cotangents  plus  1, 
divided  by  the  difference  of  their  cotangents. 

23.  Given   tan  30°    =   -—    and   cot  45°    =    ],   tind 

V  3 

tan  75°. 

24.  Given  the  same,  find  cot  15°. 

25.  Deduce  an  expression  for  the  tangent  of  the  sum 
of  two  angles  minus  the  tangent  of  their  difference. 


Johns  Hopkins  to  Teach  Engineering 

The  Johns  Hopkins  University  has  established  a  depart- 
ment of  engineering  made  possible  by  a  large  appropriation 
from  the  state  of  Maryland.  The  state,  however,  exercises 
no  control  over  the  institution. 

The  new  buildings  now  under  construction  are  designed  to 
offer  complete  facilities  for  graduate  work  in  engineering, 
and  the  department  aims  to  carry  on  research  work  in  vari- 
ous branches  of  engineering.  Undergraduate  courses  pre- 
paring students  have  been  planned  to  afford  opportunity  for 
unusually  thorough  training.  Courses  have  been  established 
in  civil,  electrical  and  mechanical  engineering  under  the 
direction  of  Prof.  C.  J.  Tilden,  formerly  head  of  the  depart- 
ment of  engineering-  mechanics.  University  of  Michigan;  Dr. 
John  B.  Whitehead,  formerly  professor  of  applied  electricity, 
Johns  Hopkins  University,  and  Prof.  Carl  C.  Thomas,  formerly 
head  of  the  department  of  mechanical  engineering.  University 
of   Wisconsin. 

The  engineering  students  will  not  begin  to  specialize  until 
the  beginning  of  the  fourth  year's  work,  though  there  will  be 
minor  exceptions  to  this  rule.  In  the  third  year  three  parallel 
courses  will  be  taken  by  all  engineering  graduates  dealing 
with  the  broad  outlines  of  civil,  mechanical  and  electrical 
engineering.  Drawing  and  engineering  design  are  continued 
through  the  entire  undergraduate  period  and  laboratory  and 
surveying  courses  form  part  of  the  first  three  years'  work. 
In  the  fourth  year  specialization  begins,  but  the  course  has 
been  planned  to  avoid  early  specialization  and  of  affording 
the    student    thorough    fundamental    preparatory    training. 

Those  entering  the  undergraduate  courses  must  have  a 
satisfactory  knowledge  of  mathematics,  English,  history. 
French  or  German,  Latin  (or  physics  and  manual  training); 
a  science,  such  as  botany,  chemistry  or  biology;  mechanical 
drawing.  Before  being  admitted  to  the  examinations,  the 
applicant  must  show  that  he  has  completed  courses  equivalent 
to    a    four-year    high-school    course    in    these    subjects. 

A  bachelor's  degree  will  be  given  upon  the  completion  of  four 
years  of  undergraduate  work.  The  departments  of  engineering- 
will  not  include  machine  shop,  foundry,  etc.,  although  some 
equipment  will  be  used  for  illlustrating  manufacturing  pro- 
cesses as  part  of  the  laboratory  work.  Each  undergraduate 
student  must  spend  at  least  four  months  in  a  shop  or  draw- 
ing office  during  his  course,  and  will  be  advised  to  spend  a 
year,  if  possible,  in  addition  to  attending  surveying  classes 
in  the  field  for  about  five  weeks  during  one  of  the  summer 
vacations.  It  is  expected  that  the  undergraduate  courses 
thus  given  will  lead  to  the  use  of  the  exceptional  facilities 
which   have   been  provided   for   graduate   work. 

This  fall  75  undergraduates  and  15  graduate  students 
have  entered  the  engineering  department.  The  new  building 
will  be  ready  for  occupancy  at  the  beginning  of  the  college 
year   1914-15. 
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OVER  THE  SPILLWAY 

JUST      JESTS,      JABS.      JOSHES      AND     JT"MBLES 


MERRY  CHRISTMAS — EVERYDODV! 

A  Merry  Christmas  to  you,  and  yours!  The  merry  day  is 
here  once  more,  son.  We  know  it;  oh!  we  know  it,  just  as 
the  first  glimmer  of  daylig-ht  peeps  from  behind  our  bed- 
room curtains  and  we  hear  the  soft  patter  of  tiny  feet  in  the 
hallway.  Then  the  door  bursts  open  and  in  comes  our  white- 
robed  brood  of  little  tots.  They  climb  up  on  the  bed  and 
bang  our  bald  head  with  a  woolly  lamb  or  a  whole  train  of 
tin  cars  and  cry:  "Merry  Christmas,  daddy  and  mama:  see 
what  Santy  give   us!"   Christmas?     You   bet! 

Or  perhaps  it's  our  son's  or  daughter's  kiddles  who  greet 
us  on  this  happ.v  morning,  and  we  begin  to  wonder  in 
sleepy  fashion  if  the  years  have  flown  thus  quickly.  And  we 
say  so  to  the  missis,  while  the  chatter  and  the  prattle  of  the 
little    kiddies    goes   on —     It   just    makes    us    think,    doesn't   it? 

Of  course,  there  are  young  chaps  we  know  who  are  single, 
and  know  not  the  joys  and  thrills  of  happy  fatherhood: 
whose  lives  lack  the  sunshine  and  tlie  companionship  of  the 
real  home.  And  they  won't  know,  either,  until  they  have 
sought  out  that  one  Her  who  is  waiting  for  that  Him  to 
make  the  next  Christmas  a  real  one  for  them  both. 

Christmas  means  a  lot  to  you  and  to  me,  and  we  are 
hoping  the  whole  world  has  a  share  in  our  happiness — at 
the  least,  we  are  trying  to  feel  that  way,  aren't  we.  son? 

So,  with  Dickens'  Tiny  Tim  we  say:  "God  bless  us,  every 
one!"    and   a  merry   and   joyous   Christmas   to    everybody! 

One  of  the  two  Latin  quotations  we  know  is  "Caveat  emp- 
tor."— Let  the  buyer  beware.  It  is  again  called  to  mind  by 
its  use  in  an  electrical  central-station  monthly.  It's  a  cork- 
ing good  suggestion  to  all  parties  concerned,  even  from  the 
consumer's   point   of  view. 

We  wonder  if  it  is  one  on  the  efficiency  engineers,  when  a 
concern  in  New  York  "goes  broke"  trying  to  cut  expense  for 
others?  This  happened  a  short  time  ago  to  a  concern  that 
ended  up  with  liabilities  of  J75.000  and  assets  of  $30,000. — 
"Graphite." 

This  column  is  regularly  dixoned  "with  a  "Xo.  1-151," 
brother,  which  refuses  to  turn  against  its  maker,  but —  Is  the 
above   a  slam   or  just  airy  persiflage? 

There  were  and  are  quite  a  few  prominent  "noncollege" 
men  when  you  come  to  dig  them  up — figuratively  speaking. 
Herb  Spencer  at  26  was  a  locomotive  engineer;  how  Charley 
Darwin  got  his,  we  know  not,  but  he  was  a  "non" ;  the  first 
time  Vambrey  went  to  college  he  went  to  teach,  and  he  spoke 
and  wrote  12  Asiatic  and  nine  European  languages;  Lowell 
told  Howells  he  could  be  glad  he  was  a  "non" — might 
have  lost  his  originality  and  become  imitative:  Jack  London 
could  have,  but  he  thought  a  college  training  was  narrow; 
good  old  Elihu  Burritt,  at  30,  had  mastered  50  languages,  and 
"his  student's  lamp  was  a  forge  and  his  desk  an  anvil." 

"The  engineer  was  taking  his  train  to  New  York  when  the 
locomotive  steam-chest  exploded,  drenching  him  with  steam 
and  boiling  water.  He  stuck  to  his  post  and  applied  the  brakes. 
\Vhen  found  he  was  unconscious,  with  his  hand  on  the  thro't- 
tle." — Daily    Paper. 

TV^ould  ask  how  this  paper  thinks  the  engineer  reached 
that  steam  chest  from  the  cab.  Perhaps  the  cylinder  valve 
on  the  mud  drum  of  the  cowcatcher  corroded  and  let  the 
vacuum  leak  over  onto  the  bell  rope.  Mebbe,  while  standing 
on  a  siding  the  locomotive  chest  was  bitten  through  b\'  a 
man-eating   goldfish!      Who    knows? 

Friend  Horton,  of  Chattanooga,  is  hereby  thanked  for  the 
dope  on  this  rural  happening  in  Tennessee:  Business  of 
alarmed  villagers:  locomotive  whistle  blowing  to  beat  the 
band;  more  business  of  alarmed  yokels;  whistle  still  blast- 
ing; fire,  flood  and  pestilence  predicted;  engine,  closely  ac- 
companied by  whistle,  winds  its  tortuous  way  down  the  dew- 
kissed  valley  to  village;  whistle  still  most  continuous;  en- 
gine disappears  kerflop!  and  all  is  silence.  Business  of  local 
paper  trying  to  explain:  "Whistle  valve  was  caught  open 
with  engineer  powerless.  As  the  huge  machine  passes,  two 
men  are  observed  flring.  which  indicates  that  the  whistle  is 
exhausting  the  steam  needed  to  propel  the  engine."  Some 
whistle! 


HANDBOOK  FOR  .MACHINE  DESIGNKRS  AND  DRAFTS- 
MEN— By  F.  A.  Halsey.  494  SVsXll-in.  pages;-120  charts 
and  diagrams  and  over  400  other  illustrations;  400  tables; 
semiflexible  cloth  binding.  Price,  $5,  net.  McGraw-Hill 
Book  Co.,  New   York,  N.  Y. 

In  his  able  review  of  Mr.  Halse^-'s  book,  which  we  give 
in  abstract.  Prof.  Dexter  S.  Kimball,  of  Sibley  College  says:: 
Every  man  who  has  had  experience  in  designing  machinery 
has  felt  the  daily  need  of  a  comprehensive  reference  book 
to  which  he  could  turn  either  to  refresh  his  memory  on  basic 
principles  or  to  find  help  and  guidance  from  the  experience 
of  others.  The  ordinary  text  pocket-books  satisfy  this  neid 
only  imperfectly,  but  it  has  been  answered  fully  in  Mr.  Hal- 
sey's  "Handbook  for  Machine  Designers  and  Draftsmen."  No 
man,  in  America  at  least,  has  had  such  an  opportunity  as  Mr. 
Halsey  has  had  for  the  last  30  years,  to  come  in  close  touch 
with  the  best  current  literature  of  this  subject,  and  few 
possess  his  experience  and  the  discriminating  judgment  so 
necessary  to  select  from  this  vast  collection  that  which  will 
be  most  reliable  and  helpful  to  the  designer.  To  this  care- 
fully selected  data  Mr.  Halsey  has  added  the  results  of  his 
own  unequaled  experience  and  he  has  supplemented  the 
whole  structure  with  valuable  aid  from  experts  in  the  several 
branches.  Naturally  he  has  drawn  upon  the  flies  of  the 
"American  Machinist"  for  the  greater  part  of  the  collect'-d 
data  which  he  presents,  partly  because  of  his  long  conn'  >  - 
tion  with  that  magazine,  but  chiefly  because  it  contains  th 
best  in  current  literature  on  this  subject  for  the  last  25  years. 
The   book  is,   therefore  very  complete   and  eminently  useful.  . 

It  is  difficult  to  make  comparisons  between  this  book  and 
others  since  it  is  quite  different  in  its  makeup  from  most 
books  on  design,  but  the  following  list  of  the  divisions  of  the 
work  will  give   some  idea  of  the   scope  of  the   treatise. 

MECHANICAL  PRINCIPLES  OF  DESIGN— This  chapter 
presents  some  of  the  more  general  features  of  correct  con- 
struction for  which  such  masters  as  Prof.  Sweet  and  John 
Richards    have   so   long   contended. 

PLANE  AND  SLIDING  BEARINGS— The  tables  of  allow- 
able bearing  pressures  given  are  probably  the  most  com- 
plete ever  presented.  The  discussion  of  the  relation  between 
pressure,  speed  and  temperature  is  clear  and  concludes  with 
valuable  diagrams  for  the  design  of  bearings  for  perfect  film 
lubrication.  The  question  of  proper  bearing  materials  is 
fully  discussed  and  the  chapter  is  concluded  with  valuable 
data  on  bearing  design  from  the  practice  of  such  concerns 
as  the  General  Electric  and  the  Westinghouse  Electric  com- 
panies, as  well   as  data   on   thrust   bearings. 

SHAFTS  AND  KEYS — In  addition  to  the  usual  formulas 
for  the  strength  and  stiffness  of  shafting  the  chapter  contains 
a  number  of  useful  charts  for  applying  these  formulas,  not 
only  to  solid  shafting,  but  to  the  hollow  forms  also.  The 
critical  speed  of  shafting  is  fully  discussed.  New  data  on  the 
friction  of  shafting  are  given  and  a  subsection  on  keys  and 
keyways. 

BELTS  AND  PULLEYS — This  chapter  contains  not  only 
the  latest  theory  and  practice  on  belt  driving  with  practical 
data  bearing  thereon,  but  contains  much  useful  information 
on  laying  out  belt  drives,  data  on  cast-iron  pulleys  and  de- 
ductions for  the  strength  of  cast-iron  pulleys  from  Prof.  Ben- 
jamin's   experiments. 

FLYWHEELS — The  most  uptodate  treatment  of  the 
strength  of  flywheels  and  typical  designs  suitable  for  various 
kinds    of   service. 

CONE  PULLEYS  AND  BACK  GEARS — This  chapter  in- 
cludes graphical  methods  as  well  as  the  usual  algebraic  for- 
mulas for  belt  lengths  and  also  discussess  the  methods  for 
obtaining  geometric  progression  of  speeds. 

GE.\RING — Voluminous  tables  of  tooth  parts  and  odonto- 
graphic  methods  are  given.  Full  discussion  of  the  strength 
of  gear  teeth  and  an  excellent  chart  based  on  Lewis'  work 
are  also  included;  two  most  interesting  and  useful  charts 
for  reducing  bevel  gears  to  e.quivalent  spur  gears  are  to  be 
specially  noted.  The  author  has  also  given  his  own  well 
known  contributions  to  the  theory  and  practice  of  worm 
gearing.  The  treatment  of  spiral  gearing  is  particularly 
good,  and  there  is  also  a  clear  exposition  of  epicycle,  or  plan- 
etary gears  as  these  are  usually  called. 

ROPES — A    complete    exposition   of   rope    and    rope    driving. 
CH.\INS — Valuable    material    on    the    new    types    of    chains 
for    power    transmission    much    of    which    has    been    prepared 
specially  by  the  Morse   Chain  Co.  and  the  Link-Belt  Co. 

BRAKES  AND  FRICTION  CLUTCHES — There  is  very  little 
reliable   information    on   this  class   of   machinery   to   be   had    in 


IVcemhcr  2.",   li»13 


r  0  W  E  R 


905 


cullfclfd  form  and  these  sections  are  a  valuable  addition  to 
the   literature  of   the   subject. 

PIPES  AND  PIPE  JOINTS — Complete  tables  of  all  kinds 
of  standai'd  pipes  and  pipe  fittings,  the  usual  formulas  for 
design,  and  in  addition  the  work  of  Professors  Stewart  and 
Carman,  which  is  the  latest  information  on  pipes  under  ex- 
ternal pressure,  and  which  has  not  as  yet  found  its  way  into 
all    the   literature   of   this   subject. 

HEAT — This  section  contains  complete  conversion  tables 
between  Fahrenheit  and  Centigrade  scales,  data  on  heat 
transference,  etc. 

STEAM  BOILERS.  THE  STEAM  ENGINE,  THE  GAS  EN- 
GINE— These  three  chapters  treat  these  subjects  not  from 
the  thermo-dynamic  standpoint,  but  as  structures  or  machines 
from  the  view  of  the  designer.  The  data  from  current  prac- 
tice are  especially  comprehensive  and  valuable. 

COMPRESSED  AIR — A  very  complete  exposition  of  the 
theory  and  practice  of  air  compression  with  valuable  diagrams 
and  practical  constructions.  A  noticeable  feature  is  the  clear 
discussion  of  the  air-lift  pump,  data  on  which   are   rare. 

Other  chapters  are  devoted  to  ball  and  roller  bearings, 
cams,  springs,  bolts,  nuts  and  screws,  wire  and  sheet-metal 
gages,  hydraulic  machinery,  minor  machine  parts,  pieces  and 
running  fits,  balancing  machine  parts,  miscellaneous  mechan- 
ism, power  requirements  of  tools,  cast  iron,  steel,  alloys, 
weights  and  materials,  mechanics,  strength  of  machine  parts, 
weights  and   measures,   and  mathematical   tables. 

The  book  is  printed  on  a  large-sized  page,  the  size  of  the 
type  page  being  7x9i/2  in.  This  is  advantageous  in  that  the 
book  will  lie  open  readily  upon  the  desk  and  it  allows  ample 
space  for  large-sized  charts.  These  charts  and  diagrams  form 
one  of  the  important  feattires  of  the  book.  Many  of  the 
illustrations  and  tables  are  not  to  be  found  elsewhere.  The 
presswork  is  most  excellent,  the  work  on  the  charts  and  dia- 
grams being-  particularly  good. 


National  Gas  Engine  Association 
Convention 

The  annual  convention  of  the  National  Gas  Engine  Asso- 
ciation was  held  December  4,  5  and  6,  at  the  Boody  Hotel. 
Toledo,  Ohio.  After  an  address  of  welcome  by  Mayor  Brand 
Whitlock  and  response  by  Mr.  Otto  M.  Knoblock  on  behalf 
of  the  association,  the  first  day  was  devoted  to  hearing  re- 
ports of  the  officei's  and  various  standing  committees.  These 
showed  that  the  association  had  enjoyed  a  substantial  growth 
during  the  year,  that  the  financial  condition  was  unusually 
satisfactory  and  that  the  activities  and  influence  of  the  as- 
sociation had  been  much  increased  during  the  year  by  the 
employment  of  a  paid  secretary  who  devotes  all  his  time 
to   the   association   business. 

PROFESSIONAL,  PAPERS 

The  first  formal  paper  was  presented  Friday  morning  by 
L.  M.  Ellis,  of  Ann  Arbor,  Mich.,  who  presented  "The  Ele- 
ments of  a  Successful  Cost  Accounting  System."  Mr.  Ellis 
treated  the  matter  from  a  very  practical  standpoint  and  es- 
pecially urged  that  costs  of  production  be  entirely  separated 
from  selling  costs  so  that  a  good  factory  organization  might 
not  be  unjustly  blamed  for  losses  caused  entirely  without 
the  production  department,  as  for  instance  a  disastrous  ad- 
vertising policy.  He  stated  that  ninety  per  cent,  of  all 
business  enterprises  fail  in  less  than  fifteen  years;  lack  of 
capital,  primitive  management,  unfair  competition  and  old 
age  being  the  usual  causes  of  failure.  His  classification  of 
the  basic  talents  of  men  as  leadership,  making,  teaching, 
trading  and  organizing  was  unique  and  led  to  the  conclusion 
that  as  all  these  talents  are  seldom  possessed  by  one  man 
and  are  all  necessary  in  a  modern  business,  a  one-man  busi- 
ness  is  likely   to   be  a   failure. 

In  discussing  different  systems  he  stated  that  over  half  of 
the  cost  systems  installed  failed  and  were  discarded  within 
a  year  and  emphasized  the  fact  that  a  lot  of  printed  blanks, 
however  cleverly  gotten  up,  did  not  constitute  a  cost  ac- 
counting system,  but  that  any  system  was  bound  to  fail 
which  is  not  a  simple,  commonsense,  workable  plan  which 
can   be   put   through   without   change    of  personnel. 

Two  hours  of  spirited  discussion  followed  Mr.  Ellis'  paper 
during  which  it  was  pointed  out  that  frequently  such  cost 
items  as  depreciation  of  plant,  interest  on  investment,  de- 
velopment costs  and  improvement  of  output  were  frequently 
overlooked  by  manufacturers  in  figuring  production  expenses, 
with  the  result  that  the  market  is  demoralized  by  engines 
sold    below    actual    cost. 

In  a  paper,  "Springs  as  Related  to  the  Gas  Engine."  F.  E. 
"Whittlesey   called   attention   to   the    necessity  of   properly  pro- 


viding for  the  necessary  springs  in  gas  engine  design  so  that 
they  may  be  of  ample  size  and  cool  at  all  times.  He  also 
cited  tests  to  show  that  vanadium  steel  springs  gave  fully 
twice  the  service   of  carbon  steel  springs  of  the  same  design. 

"Standardization,"  by  Joseph  A.  Anglada  was  presented  by 
A.  B.  Potter  in  the  absence  of  Mr.  Anglada.  The  paper  gave 
some  of  the  results  accomplished  in  the  standardization  of 
parts  by  other  societies,  outlined  the  necessary  steps  for  the 
Gas  Engine  Association  to  take  to  begin  the  work  and  sug- 
gested some  of  the  points  where  the  work  along  this  line 
might    well    start. 

The  principal  entertainment  features  of  the  convention 
were  a  smoker  tendered  by  the  Maumee  River  Yacht  Club 
on  Thursday  evening,  luncheon  with  the  Toledo  Chamber  of 
Commerce  Friday  noon  and  the  annual  banquet  Friday  even- 
ing at  which  short  talks  were  given  by  Paul  Regan,  of  To- 
ledo, H.  W.  Jones,  Chicago,  Prof.  W.  T.  Magruder,  Ohio 
State  University,  Prof.  G.  W.  Munro,  Purdue  University  and 
others,  H.  W.  Bowlens,  Port  "Washington,  Wis.,  acting  as 
toastmaster. 

Three  members  of  the  executive  committee  were  elected, 
E.  J.  Perkins.  St.  Joseph,  Mich.,  H.  D.  Lauson,  New  Holstein, 
"Wis.,  and  H.  G.  Diefendorf,  Detroit,  Mich.,  being  chosen.  The 
officers  for  the  lensuing  year  are:  R,  A.  Oglesby.  South  Bend. 
Ind„  president,  H.  D.  Lauson,  New  Holstein,  "Wis.,  vice-pres- 
ident; O.  M.  Knoblock,  South  Bend,  Ind.,  treasurer  and  H. 
M.    Brate,    Lakemont,    N.    Y.,    secretary.  ' 

A  paper  on  "The  Basic  Principles  of  Two-Stroke-Cycle  De- 
sign," by  E.  "W.  Roberts,  Sandusky,  Ohio,  completed  the  pro- 
gram for  the  day.  He  brought  out  clearly  the  facts  that  to 
equal  the  fouir-stroke-cycle  engine  the  ports  must  be  ample, 
the  base  compression  fairly  high  and  the  area  through  the 
carbureter  at  least  twice  as  great  as  with  a  four-stroke-cycle 
engine   of  the  same  capacity. 

On  Saturday  morning  the  matter  of  standardization  was 
continued  by  "Wm.  H.  Spire  whose  paper  "Some  Advantages 
of  Standardization"  showed  the  advantage  and  economy  of 
buying  standard  parts  over  making  special  parts  for  the 
same   purpose. 

In  "Pulley  Specifications,"  S.  M.  Walker,  of  Chicago 
showed  the  absurdities  of  the  present  system  of  furnishing 
pulleys  on  engines  and  driven  machinery  both  at  the  whim  of 
the  manufacturer.  He  proposed  a  standard  belt  speed  be 
adopted  to  which  all  conform,  in  which  the  same  farm  en- 
gine might  be  used  with  a  number  of  machines  without 
the    necessity    of    continually    changing    pulleys. 

"What  the  Customer  Wants  in  Lubrication,"  was  cleverly 
presented  by  G.  K.  MacEdward,  of  Detroit,  by  excerpts  from 
letters  received  from  owners  of  engines  made  by  members  of 
the  Association.  The  engine  user  desires  protection  from  his 
own  carelessness,  the  hired  man's  ignorance  and  the  inherent 
defects  of  the  usual  oiling  devices  furnished  with  gas  en- 
gines. 


Oregon  45,000-Hp.   Development 

The  completion  of  preliminary  surveys  for  the  develop- 
ment of  45,000  hp.  within  the  next  five  years  at  Clear  Lake, 
in  the  Cascade  Mountains,  75  miles  from  Eugene,  Ore.,  is  an- 
nounced by  George  S.  Edmonton,  hydraulic  engineer  of  the 
Oregon  Electric  R.R.,  a  Hill  line.  The  construction  of  the 
first  unit,  of  about  20,000  hp.,  is  to  begin  in  June,  1914,  and 
plans  contemplate  getting  the  work  far  enough  along  to  be 
able  to  work  throughout  the  year.  The  first  unit  is  ex- 
pected   to    be    in    operation    in    two    years. 

Power  from  this  point  will  be  available  over  a  radius  of 
100  miles,  which  means  the  territory  from  Portland  almost  to 
the   California  state  line  and  well   into   Eastern   Oregon. 

The  power  site  is  midway  between  the  Oregon  Trunk  line, 
the  Hill  railroad  and  the  Deschutes  River  in  the  Willamette 
Valley.  The  site  was  formerly  held  by  the  Southern  Pacific 
Ry.  Co.,  which  lost  title  by  failure  to  develop  within  the  time 
prescribed  by  the  state.  The  Oregon  Electric  R.R.  has  al- 
ready surveyed  a  transmission  line  down  the  Santiam  "Valley 
to  Albany  and  is  now  running  a  survey  down  the  McKenzie 
Valley. 


The  annual  inspection  trip  of  the  department  of  electrical 
engineering,  University  of  Illinois,  was  made  Nov.  23-26,  un- 
der the  charge  of  Profs,  E.  B.  Paine,  Morgan  Brooks,  E.  H. 
Waldo  and  J.  M.  Bryant.  The  party  was  divided  into  two 
sections,  one  visiting  the  Keokuk  water-power  plant,  the 
other,  the  industries  around  Joliet,  111.  The  sections  met 
in  Chicago,  where  the  trip  was  concluded  after  trips  to  parts 
of  the  Commonwealth  Edison  system,  the  Hawthorne  works 
of    the    Western    Electric    Co.,    and    the    Illinois    Steel    Works. 
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Smoke-Prevention  Campaign 

The  Committee  on  Smoke  Prevention  of  the  American 
Eaihvay  Master  Mechanics'  Association  has  sent  out  tlie 
following  notice  to  members: 

On  account  of  the  increasing  importance  of  this  matter, 
your  committee  respectfully  requests  that  each  road  assign 
to  its  best  authority  on  the  subject  the  duty  of  fully  answer- 
ing this  circular. 

1.  Please  give  full  progress  report  covering  the  applica- 
tion and  the  efficiency  of  the  smoke-preventing  air  jets, 
■blower,  quick-opening  blower  valve  and  arch  recommended 
in  your  committee's  report  to  the  convention  of  June,  1913. 
Blueprints  desired  with  description;  also  gives  costs. 

(In  this  connection  your  committee  urges  your  attention 
to  and  careful  consideration  of  the  report  above  referred  to, 
particularly   paragraphs    108    to    119,    Recommendations.) 

2.  Have  you  installed  on  locomotives  any  special  devices 
other  than  those  recommended  by  your  committee?  If  so, 
please  send  drawings,  stating  results  obtained  and  costs. 

3.  Have  you  installed  any  special  device  for  handling  the 
smoke  from  roundhouses?  If  so,  please  send  drawings,  give 
results  obtained,  cost  of  plant  and  of  its  operation. 

4.  What  influence  on  smoke  prevention  has  the  super- 
heater on  passenger,  freight  and  switching  locomotives? 
State  type  of  superheater  and  give  coal  and  smoke  efficiencies 
as  compared  with  saturated  engines,   as   nearly  as   possible. 


Pension  Fund  for  Employees 

The  Westinghouse  Airbrake  Co.,  Pittsburgh,  Penn..  has 
announced  that,  beginning  Jan.  1  it  would  maintain  a  pension 
fund  for  employees  and  a  relief  system  for  their  dependents. 
These  benefactions  are  to  be  independent  of  the  pension  and 
relief  to  which  they  both  contribute  jointly. 

The  extension  of  the  pension  provisions  is  in  the  pensions 
to  be  granted  widows,  orphan  children  and  other  dependents 
of  pensioners  or  other  employees.  These  pensions  are  to  the 
widow  of  a  pensioner,  during  her  widowhood,  80  per  cent, 
of  her  decreased  husband's  pension,  with  10  per  cent,  addi- 
tional for  each  child  under  16  years  of  age;  the  total  not 
exceeding  100  per  cent,  of  his  pension.  To  the  widow  of  an 
employee  dying  as  a  result  of  any  accident  arising  out  of 
or  in  the  course  of  employment  by  the  company,  or  of  an 
employee  dying  while  totally  disabled  as  a  result  of  such 
accident,  a  pension  equal  to  30  per  cent,  of  her  husband's 
wages,  during  her  widowhood,  with  10  per  cent,  additional 
for  each  child  under  the  age  of  16  years;  the  total  not  to  ex- 
ceed GO  per  cent,  of  his  wages.  To  the  widow  of  an  em- 
ployee who  is  a  member  of  the  relief  department  of  at  least 
two  years'  standing  at  the  time  of  his  death,  who  shall  die 
from  causes  other  than  occupation  accident,  a  pension  at  the 
same  rate.  In  addition,  all  employees  of  the  relief  depart- 
ment, in  receipt  of  total  disability  pensions  at  the  time  of 
reaching  the  retirement  age,  go  upon  the  pension  roll  for 
the  same  amount  as  if  they  were  still  in  the  company's 
service. 


SOCIETY    NOTES 


PERSONALS 


Joseph  W.  Peters  has  been  appointed  secretary  of  the 
board  of  managers  of  the  Association  of  Engineering  Socie- 
ties with  an  office  at  3S17  Olive  St.,  St.  Louis.  Mo.  The 
"Journal"  of  the  organization  will  be  published  from  that 
office. 

J.  G.  White  returned  Dec.  10  on  the  "Olympic"  after  six 
months  absence  in  England  and  the  Continent.  Much  of  his 
time  was  spent  in  London  at  the  liome  office  of  J.  G.  White 
&  Co.,  Ltd.  One  of  the  important  recent  financial  undertak- 
ings of  that  company  is  the  formation  of  the  International 
Light  &  Power  Co.  Ltd.,  a  holding  company  owning  securities 
in  several  electric  light  and  tramway  properties  throughout 
South    America. 


OBITUARY 


ROBERT  E.  BINNING 
On  Dec.  6,  Robert  E.  Binning,  a  well  known  electrical  en- 
gineer, died  at  his  home  in  Plainfield,  N.  J.,  following  an  ill- 
ness which  began  10  months  ago  in  Lima,  Peru,  where  he  was 
engaged  in  constructing  a  light  and  power  plant.  Mr.  Bin- 
ning is  survived  by  his  wife. 

DAVID  E.  HAIRE 
David  E.  Haire,  a  consulting  refrigerating  engineer,  died 
at  his  home  in  Philadelphia,  Penn.,  Dec.  4.  For  a  number  of 
years  he  was  chief  engineer  of  the  American  Ice  Co.  His 
early  experience  in  engineering  was  gained  in  the  steel  mills 
of  Ohio,  Pennsylvania  and  West  Virginia.  He  was  a  member 
of  the  Society  of  Refrigerating  Engineers  and  of  the  Manu- 
facturers Club  of  Philadelphia.  Mr.  Haire  was  51  years  old 
and  leaves  a  widow,   two  daughters  and   two   sons. 

DANIEL  M.    B.4RTON 

Daniel  M.  Barton,  general  purchasing  agent  of  the  General 
Electric  Co.,  died  at  his  home  in  Schenectady,  Dec.  8,  after 
a  brief  illness.  Mr.  Barton  was  one  of  the  oldest  employees 
of  the  company.  He  was  born  in  Moriah,  N.  T.,  in  1843,  and 
moved  with  his  parents  to  Ware,  Mass.  At  19  he  enlisted 
with  his  brothers  in  the  Tenth  Jlassachusetts  Regiment  and 
fought  at  Fredericksburg  and  Gettysburg.  In  1SS3  the  Thom- 
son-Houston Electric  Co.  was  formed  at  Lynn,  Mass.  A 
brother,  Silas  A.  Barton,  was  its  active  organizer,  and  three 
years  later  Daniel  M.  Barton  became  its  production  manager. 

In  1893  Mr.  Barton  became  assistant  purchasing  agent  of 
the  newly  organized  General  Electric  Co.  A  few  years  after 
the  main  office  was  established  at  Schenectady  Mr.  Barton 
was  made  general  purchasing  agent,  which  position  he  ably 
filled  to  the  time  of  his  death.  He  was  well  and  favorably 
known  in  the  business  world,  and  his  many  friends  and 
business  associates  will  regret  his  death. 

Mr.  Barton  leaves  a  widow,  a  daughter,  j\Irs.  Robert  E. 
Nivison,  and  three  grandchildren,  a  brother,  Silas  A.  Barton, 
of  Waltham,  Mass.,  and  a  sister,  Vila  Barton,  of  Northampton, 
Mass. 


The  New  England  Association  of  Commercial  Engineers 
held  its  noonday  luncheon  and  meeting  on  Saturday,  Dec.  13, 
at  the  Revere  House,  Boston,  Mass.,  and  it  was  well  at- 
tended. An  address  was  delivered  by  Frank  Fessenden  Crane, 
vice-president  of  the  Atlantic  Deeper  Waterways  Associa- 
tion. 

At  the  Dec.  8  meeting  of  the  Louisiana  Engineering  Society 
at  Stanley  Thomas  Hall.  Tulane  University,  Prof.  R.  S.  Cocks, 
professor  of  botany,  lectured  upon  "Southern  Pines."  The 
lecture  was  illustrated  with  lantern  slides  and  microscopes, 
showing  the  structural  differences  in  the  varying  grades  of 
pine. 

On  Dec.  9,  the  annual  oyster  roast  was  held  at  Eagle  Hall, 
Washington,  D.  C,  by  Columbia  Council  No.  22,  Universal 
Craftsmen  Council  of  Engineers.  A  large  delegation  at- 
tended from  Baltimore.  H.  T.  Morningstar,  electrical  engi- 
neer of  the  Washington  Navy  Yard,  was  chairman  of  the 
entertainment  committee  and  toastmaster  and  Past  National 
President  Jones  welcomed  the  guests  and  members.  The 
enjoyable  entertainment  was  furnished  by  both  local  and 
other  talent. 


Situation  for  Ijiceii.sc  Insiiector — The  Civil  Service  Com- 
mission of  Chicago,  111.,  will  hold  an  examination,  Dec.  30,  for 
a  license  inspector,  class  H,  grade  II,  salary  $1080  to  $1440. 
Subjects  of  Examination:  Special  subject,  penmanship,  arith- 
metic, experience,  report.  Duties:  To  inspect  steam  plants 
to  see  that  licensed  engineers  and  water  tenders  are  in 
charge;  to  report  the  conditions  found  to  the  department 
daily;  to  notify  the  department  regarding  engineers  or  wa- 
ter tenders  who  have  not  had  their  licenses  properly  trans- 
ferred, or  whose  licenses  are  not  uptodate;  to  act  as  witness 
in  court  against  violators  reported  by  him;  to  assist  in  office 
work    when    required. 


AVaterprooftnj?  Leatlier — Tile  following  recipe  for  water- 
proofing leather  is  suggested  by  the  "Mechanical  World." 
Apply  a  mixture  of  four  parts  castor  oil  and  one  part  raw 
India  rubber,  by  weight.  Heat  the  oil  to  250  deg.  F..  then  add 
the  rubber,  cut  into  small  pieces.  Gradually  stir  until  the 
rubber  is  completely  dissolved,  and  then  pour  into  a  vessel 
to  cool.  This  waterproofing  treatment  leaves  the  leather  soft 
and  pliable. 
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be  ranflineefs  greed 


Believe  in  my  job. 

Believe  in  my  plant  and  the  firm  I  am  working  for. 

I  Believe  in  myself  and  my  ability  to  get  results. 

I  Believe  in  serving  my  firm  honestly  and  to  the  best,  and  respect  the  confidence 
and  trust  placed  in  me. 

I  Believe  in  working,  not  waiting,  in  boosting,  not  knocking,  and  in  the  pleasure 
of  performing  my  daily  duties. 

I  Believe  in  the  purchase  of  honest  materials  and  equipment,  produced  upon  the 
standards  of  honest  workmanship,  at  an  honest  price,  for  installation  at  my 
plant,  whether  it  be  a  single  valve  or  a  compound  generating  unit. 

X  Believe  in  man  and  plant  efficiency,  in  the  generation  of  greatest  power  at 
lowest  cost. 

I  Believe  in  keeping  accurate  records  of  the  daily  performances  at  my  plant  to 
serve  the  best  interests  of  my  firm  and  to  further  prove  my  capability  as 
an  engineer. 

I  Believe  in  adding  daily  to  my  store  of  power-plant  knowledge,  in  keeping  fully 
abreast  of  the  times  through  the  careful  reading  of  current  engineering  lit- 
erature, and  in  thus  learning  of  new  ideas,  new  kinks,  new  equipment  and 
better  methods  for  the  benefit  of  myself  and  my  firm. 

I  Believe  in  safety  first,  and  in  such  personal  care  and  precaution  and  the  install- 
ation of  such  equipment  and  devices  as  make  it  possible. 

I  Believe  in  my  fellow  men,  in  giving  each  man  a  worthy  chance,  and  in  assisting 
those  who  are  honestly  ambitious  and  seek  my  aid. 

I  Believe  in  progress,  in  fairness,  in  courtesy,  in  kindness,  in  generosity,  in  good 
cheer  and  good  fellowship. 

I  Believe  in  my  home  and  that  there  is  no  other  spot  in  the  world  which  can 
fill  its  place. 

I  Believe  in  to-day  and  am  proud  of  the  work  I  am  doing;  in  to-morrow  and 
the  work  I  hope  to  do ;  and  in  the  future  and  the  reward  it  holds  for  me. 
Hnd  believe  that  no  man  is  down  and  out  until  be  has  lost  all  faith  in  himself. 
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Ferranti  and  His  Turbine 


r.v  F.  K.  Low 


SYNOPSIS — An  interview  with  the  man  who  suggested 
ind  designed  the  first  station  with  large  direct-connected 
units,  wiih  a  description  of  his  new  turbine  which  runs 
on  O.i  lb.  of  steam  per  kilowatt-hour. 

In  most  lines  of  thought  and  endeavor  there  are  daring, 
imaginative  pioneers,  who  foresee  the  possibilities  and 
blaze  a  line  across  the  field  of  coming  developments  in 
advance  of  the  traveled  road.  It  is  not  always  they  who 
reap  the  lienefit.  Their  projects  are  often  so  far-sighted 
and  their  trail  leads  so  far  into  the  untried,  that  it  is 
3uly  after  years  of  plodding 
progress  has  developed  the 
trail  into  a  commercial 
highway  that  the  soundness 
>f  their  judgment  and  the 
value  of  their  leadership  are 
assured. 

The  first  time  that  I  ever 
heard  of  Sebastian  Z.  de 
Ferranti  was  in  connection 
rtith  the  Deptford  station, 
near  London.  We  were  still 
building  large  electric  sta- 
tions with  small  units,  run 
From  belted  countershafts, 
lud  thought  we  had  to  locate 
them  in  the  center  of  dis- 
tribution to  save  copper  and 
line  losses.  Ferranti  pro- 
posed to  meet  the  London 
situation  with  a  station  situ- 
ited  at  Deptford,  seven 
miles  from  the  center  of  the 
field  of  use  of  the  current, 
snd  to  equip  it  with  units  of 
?000  kw.  capacity,  with  the 
mgines  coupled  directly  to 
the  generators.  His  engines 
svere  vertical  compounds 
with  cylinders  44  and  88  in.  in  diameter,  and  the  arma- 
ture of  the  generator  40  ft.  over  all.  Current  was  to  be  geu- 
srated  at  10,000  volts.  The  units  were  actually  built.  I  re- 
member the  criticism  and  condemnation  which  they 
?voked  from  conservative  electricians  and  engineers.  That 
they  were  not  installed  as  intended  was  due  to  no  fault 
of  the  engines  or  of  the  general  plan,  which  was  carried 
out  upon  a  smaller  scale,  but  to  the  fact  that  tha  com- 
pany got  only  a  portion  of  the  concession  which  it  was 
after,  and  hence  had  no  need  for  such  large  units;  but 
when  ten  years  later  the  Seventy-sixth  Street  station  was 
put  down  in  New  York,  the  engines  chosen  had  precisely 
the  same  cylinder  diameters,  and  the  station  carried  the 
■^ame  high  pressure,  200  lb.,  that  Ferranti  had  adopted 
>o  far  ahead  of  general  usage.  Quite  a  number  of  his 
engines  were  built  and  did  good  service,  but  he  did  not 
foresee  the  turbine,  which  has  so  much  the  advantage  of 
them  in  their  particular  field,  that  their  manufactiire  was 
eventually  discontinued. 

In  January  of  this  year,  Ferranti  aicepted  an  invita- 


tion to  deliver  the  Watt  Anniversary  Lecture  before  the 
Greenock  Philosophical  Society,  in  the  course  of  which 
he  announced  that  he  was  at  work  upon  a  turbine  which 
had  already  produced  remarkable  results.  Confident  that 
any  turbine  which  Ferranti  produced  would  be  full  of 
interest,  and  anxious  to  meet  a  man  who  had  thought  so 
far  ahead  in  the  field  which  Power  seeks  to  serve,  I  so- 
licited an  interview  and  received  an  invitation  to  visit 
him  at  his  home  in  Baslow. 

When  I  alighted  from  the  train  at  Sheffield,  I  was  pre- 
pared to  meet  a  man  somewhat  along  in  years,  for  the 
Deptford  job  was  done  a 
quarter  of  a  century  ago. 
But  the  tall,  straight,  hearty 
man  who  came  forward  with 
his  son  to  meet  me  was  still 
on  the  sunny  side  of  .50,  for 
lie  was  but  24  when  he  did 
that  audacious  job  which 
made  his  reputation  inter- 
national. 

A  motor  ride  of  some- 
thing over  a  half  hour 
among  the  Derbyshire  hills 
led  us  to  the  Hall,  at  Bas- 
low, where  about  a  spark- 
ling fire,  grateful,  although 
it  was  in  August,  the  family 
of  my  host  awaited  us. 

After  dinner  we  sat  about 
that  fire  and  I  a.=ked  about 
the  turbine.  I  wish  I  could 
reproduce  here  the  photo- 
graphs and  drawings  which 
the  inventor  and  his  two 
grown-up  sons  brought  out 
and  explained  to  me.  That, 
I  am  ]iromised,  shall  come 
later,  when  patents  and 
commercial  interests  will 
not  be  jeopardized.  But  I  am  permitted  to  describe  it 
as  well  as  I  can  from  my  notes  and  memory. 

Ferranti's  turbine  is  a  superheated  steam  turbine;  so 
are  most  turbines,  but  not  so  much  so  as  Ferranti's. 
Superheat  is  his  motive,  his  theme,  his  essential  feature. 
His  turbine  differs  from  the  Parsons  mainly  in  the  re- 
spect that  it  is  designed  and  constructed  to  handle  super- 
heat— a  higher  degree  tlian  anybody  else  uses  initially, 
and  then  some  more,  before  the  steam  l^ecomes  saturated 
by  expansion,  superheat  even  in  the  steam  as  it  goes  to 
the  condenser. 

'"Of  the  heat  required  to  make  a  pound  of  steam,"  says 
Ferranti,  "upward  of  a  thousand  units  is  latent,  and  most 
of  it  will  go  as  latent  heat  of  the  exhaust  to  the  con- 
denser. So  long  as  you  are  going  to  make  this  expendi- 
ture you  may  as  well  make  it  carrv'  all  the  useful  heat 
with  it  that  you  can.  In  other  word.s,  give  it  all  the 
su]ierheat  that  it  will  carry  to  start  with  and  reheat  it  as 
i^ften  and  as  much  as  you  can.  If  you  could  keep  this 
superheat  pouring  into  it  so  long  that  the  final  expansion 
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would  iiol  coul  it  quite  to  the  point  of  saturation,  so 
much  the  better.  In  practice  we  cannot  do  this ;  we  must 
reheat  intermittently,  and  in  the  present  turbine  I  have 
reheated  but  once." 

Let  us  make  this  clearer  by  an  example.  Assume  steam 
of  150-lb.  gage  pressure,  say,  165  lb.  absohite,  super- 
heated 400  deg.  F.,  or  to  a  total  temperature  of  766  deg. 
F. ;  to  be  worked  to  a  vacuum  of  28  in.,  or  1  lb.  abso- 
lute. To  make  a  pound  of  such  steam  from  feed  water 
at  the  temperature  corresponding  to  the  lower  pressure, 
101.83  deg.  F.,  requires  1330.3  "B.t.u.,  of  which,  if  the 
steam  were  expanded  adiabatically  to  the  lower  pressure, 
413.53  would  be  converted  into  work,  and  916.77  voided 
to  the  condenser.  There  would  therefore  be  31  per  cent. 
of  the  heat  converted  to  mechanical  energy  by  an  engine 
of  100  per  cent,  efficiency. 

In  Fig.  1,  where  vertical  distances  represent  absolute 
tcm]ieratures,  start  at  A  with  a  pound  of  water  as  it  comes 
from  the  hotwell  at  101.83  deg.,  and  raise  its  tempera- 
ture to  366  (leg.  F.,  or  825.6  absolute  corresponding  to 
165  lb.  the  absolute  initial  pressure.  If  the  horizontal 
distances  are  made  such  that  the  area  imder  the  curve  is 
proportional  to  the  heat  that  has  been  put  into  the  water 
at  any  instant,  the  temperature  will  ri.se  along  the  line 
AB,  and  the  area  ABCD  will  represent  the  amount  of 
heat  necessaiy  to  raise  a  pound  of  water  from  101.83  to 
the  boiler  temperature  366  deg.  At  B  the'  water  com- 
mences to  lioil  and  absorbs  heat  at  the  constant  tem- 
]:)crature  366  deg.  F.,  and  the  line  of  constant  pressure 
BE  is  made  of  such  lenglh  that  the  area  BEGC  is  pro- 
portional to  the  heat  absorbed  in  evaporating  it,  the  latent 
heat  of  the  steam  tables. 

If  the  application  of  heat  is  continued  after  the  water 
is  all  evaporated,  the  temperature  of  the  steam  will  rise 
along  the  line  EE[,  and  the  area  ETIIG  is  proportional  to 
the  amount  of  heat  required  to  superheat  it  400  deg.  F. 
or  to  766  deg.  F.  If,  now,  it  is  allowed  to  expand  with- 
out receiving  or  giving  up  any  heat,  except  that  converted 
into  work,  its  temperature  will  drop  along  the  line  ///, 
and  when  this  temperature  has  reached  the  lower  limit, 
101.83  deg.  F.,  represented  by  the  height  of  the  line  HJ, 
an  amount  of  heat  proportional  to  the  area  ABEHJA, 
will  have  been  converted  into  work,  and  the  rest,  equiva- 
lent" to  the  area  AJID  will  be  rejected  to  the  condenser. 
In  this  case,  the  total  heat  supplied  1330.3  B.t.u.  is  repre- 
sented by  the  area  ABETIIDA  of  which  413.53  B.t.u. 
represented. by  the  area  ABEHJA,  or  31  per  cent.,  is  con- 
verted into  energy  by  an  engine  of  100  per  cent,  efficiency, 
working  on  the  Rankine  cycle  between  these  limits. 

If,  now,  in.stead  of  allowing  the  steam  to  cool  off,  as  it 
expanded,  heat  were  added  to  it  at  a  rate  that  would  keep 
its  temperature  constant  up  to  a  point  as  K,  and  then 
the  steam  were  allowed  to  expand  adiabatically  to  L,  heat 
proportional  to  the  area  HEL.I  would  be  added  to  the 
convertible  portion  at  the  cost  of  adding  heat  proportional 
to  IIKMI  to  the  whole,  and  it  is  evident  that  the  area 
gained  is  a  considerably  greater  proportion  of  that  added 
than  is  the  convertible  area  ABEHJA  of  the  previous  dia- 
gram (ABEHIDA).  (In  fact,  to  bear  the  same  propor- 
tion, the  convertible  area  of  the  original  diagram  would, 
have  to  fill  the  rectangle  ANHJ.)  To  do  this  would  take 
an  amount  of  heat  proportional  to  the  area  HIvMT,  or 
241.3  B.t.u.,  making  the  total  heat  represented  by  the 
diagram  ABEIIKMDA  1571.6  B.t.u.,  of  which  that  rep- 


resented by  the  area  above  the  line  AL  would  be  con- 
vertible. This  would  be  544.3  B.t.u.,  or  about  34.6  per 
cent. 

This  could  be  done  only  if  heat  could  be  poured  into  the 
steam  as  it  was  expanding,  as  by  heat  communicated 
through  the  blades  or  other  inclosing  surfaces,  and  by 
ceasing  this  heating  when  it  was  desired  to  change  the 
expansion  from  the  isothermal  HK  to  the  adiabatic  KL. 
This  would  be  impracticable,  and  Ferranti,  not  being  able 
to  get  the  whole  loaf,  goes  after  half  of  it.  He  allows 
the  steam  to  expand  adiabatically  on  the  line  ///  in  the 
diagram,  say,  to  0,  whei-e  it  will  have  a  pressure  of  29 
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lb.  and  too  deg.  of  superheat,  and  be  at  a  temperature  of 
348.4  deg.  F.  Ho  then  passes  it  through  a  reheatei, 
bringing  it  back  to  the  initial  temperature  (766  in  our  as- 
sumed case),  but  at  the  reduced  pressure.  The  tempera- 
ture will  rise  along  the  line  OK,  and  the  heat  added  by 
the  reheater  will  be  proportional  to  the  area  OKMl,  of 
which  that  represented  by  the  area  OKLJ  is  convertible. 
The  steam  then  expands  adiabatically  along  the  line  A'L 
to  the  lower  temperature  limit.  The  diagram  shows  that 
it  would  have  crossed  the  saturation  curve  at  this  point, 
but  in  the  actual  turbine,  due  to  the  taking  up  of  heat 
from  the  jacketed  casing,  the  steam  is  still  superheated  as 
it  passes  to  the  condenser  or  t(j  the  feed-water  heater 
which  precedes  it. 

The  heat  required  for  the  final  superheating  for  the 
supposed  coiulition  would  be  198.3  B.t.u.,  making  the 
total  heat  supplied 

B.t.u. 

Heat   of   the   liquid 26S  .  4 

Heat    of   evaporation SSeis 

Superheating 205   i 

Reheating     IDS.  2 

Total    152S.5 

Of  this  501.2,  or  32.8  ]i<'r  cent.,  is  convertible  into  en- 
ergy in  the  two  stages.    This  represents  an  improvement 
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Q  efficiency  ol'  1.7^,  which  is  a  gain  of  5.5  per  cent,  over 
hat  of  the  former  or  usual  cycle. 

If  the  reheating  could  be  continuous,  the  efficiency 
rould  be  still  further  improved,  as  has  been  shown  above. 
;'he  more  times  the  steam  could  be  reheated  in  passing 
hrough  the  turbine,  the  nearer  this  condition  would  be 
iiiiiiiaehed,  but  loss  of  pressure  head  through  the  reheat- 
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rs,  and  other  practical  considerations  would  limit  the 
lumber  of  times  that  this  could  be  done  with  advantage, 
n  the  experimental  turbine  only  a  single  reheating  stage 
s  used. 

In  addition  to  the  theoretical  gain  in  efficiency  offered 
ly  this  cycle  it  presents  the  advantage  of  eliminating 
noisture  from  the  turbine.  As  is  well  known,  the  first 
ew  degrees  of  superheat  improve  the  actual  performance 
if  a  turbine  considerably  more  than  can  be  accounted  for 
in  a  heat-unit  basis,  presumably  because  of  the  elimina- 
ion  of  the  braking  effect  of  moisture  upon  the  swiftly 
evolving  parts,  and  of  the  fact  that  a  considerably  less 
reight  of  superheated  than  of  saturated  steam  will  leak 
hrough  a  given  aperture  under  a  given  pressure.  The 
rosive  action  of  the  moisture  is  also  avoided  when,  as 
n  the  Ferrauti  turbine,  the  steam  is  superheated  through- 
mt  its  passage. 

The  Febraxti  Turbine 

The  use  of  steam  of  such  high  temperature  involves, 
lowever,  a  turbine  especially  designed  to  avoid  the  stresses 
md  distortion  which  such  temperature  ranges  involve. 
]ast  iron  is  totally  unadapted  for  such  use,  as  experience 
vith  growing  pipe  fittings  and  distorted  turbine  dia- 
)hragms  has  demonstrated.  The  Ferranti  turbine  is 
herefore  made  entirely  of  wrought  metal;  even  the  ex- 
erior  casing  is  of  boiler  plate.  The  movable  blades,  of 
he  Parsons  or  reaction  type,  are  carried  upon  a  steel 
Iruni  not  stepped  in  various  diameters  as  in  tlie  usual 
■onstruction,  but  of  a  continuous  taper  as  at  A  in  Fig.  2. 
surrounding  this  drum  and  carrying  the  stationary  blades 
s  another  symmetrical  cylinder  or  cone  B  made  of  boiler 
:teel. 

The  blades  lia\e  a  tough  steel  core  with  a  covering  of 
lickel  electrically  welded  on.  About  the  steel  blade,  al- 
ready fashioned  to  the  correct  section,  is  wrapped  a  sheet 
)f  nickel  some  ^/e^  of  an  inch  in  thickness.  The  whole  is 
leated  electrically  to  a  welding  heat  and  rolled  while  hot 
:hrough  rollers  which  unite  the  metals  so  thorousihlv  that 


they  do  not  part  even  when  the  blade  is  twisted,  tortured, 
and  bent  into  any  conceivable  shape.  The  coefficient  of 
expansion  of  the  metals  is  identical,  and  there  is  no  elec- 
trolytic action  between  them. 

At  the  base  of  each  blade  two  tiny  projections  are  left, 
the  blade  is  accurately  spotted  to  its  place  upon  the  drum 
by  an  automatic  machine  and  current  turned  on  which 
melts  the  projections  and  electrically  welds  the  blade  in 
place,  avoiding  the  distortion  and  irregular  stresses  which 
come  from  driving  and  calking  blades  into  a  drum  cut 
up  by  grooves.  This  method  of  blading  is  in  successful 
use  2iot  only  in  the  experimental  turbine  but  in  the  Ru.«- 
sian  cruiser  "Catherine  11"  and  a  Turkish  cruiser,  each 
of  40,000  hp.  The  "Kongo,"  the  "Kator,"  and  another 
vessel  now  building  in  Japan,  each  with  80,000  hp.,  the 
highest  powered  vessels  afloat,  also  have  nickel-steel  elec- 
trically welded  blading  in  the  impulse  portion  of  their 
turbines. 

The  leading  thought  in  the  design  is  symmetry.  No 
abrupt  changes  of  shape,  no  irregular  members,  and  the 
very  symmetry  that  prevents  distortion  under  wide  varia- 
tions of  temperature  permits  closer  radial  clearances  and 
further  reduces  the  leakage  losses.  Depending  upon  this 
fixity  of  the  relative  position  of  the  blades  Ferranti  equips 
each  row  of  both  rotor  and  stator  with  a  shroud  consist- 
ing, as  shown  in  Fig.  3,  of  a  thin  strip  of  metal  turned 
upward  and  inward  at  the  sides  and  carrying  a  strip  of 
gra])hite  which  protrudes  above  the  sides  of  the  carrier. 
The  top  surface  can  run  very  close  to  the  surface  of  the 
drum  or  shell,  for  contact  simply  rubs  down  the  graphite 
and  produces  automatically  a  minimum  clearance  with  no 
danger  of  fusing  or  freezing  on.  The  greater  diameter 
made  allowable  by  this  close  clearance  has  the  advantage 
of  greater  peripheral  velocity  and  a  greater  amount  of 
energy  abstracted  by  each  row  of  blades,  therefore  a 
smaller  number  of  stages  for  a  given  range  of  expansion. 


The   number  of  rows  or  stages   varies   inversely   as   the 
square  of  the  peripheral  speed. 

The  question  will  naturally  occur,  what  effect  will  such 
a  superheat  have  on  the  dummy  pistons?  It  would  doubt- 
less be  very  troublesome  if  there  were  dummy  pistons,  but 
there  are  none.  No  attempt  is  made  to  balance  the  end 
thrust,  but  it  is  taken  up  on  a  thrust  bearing  which  is 
a  modification  of  the  Kingsbury  block.  Imagine  a  disk 
with  radial  grooves,  as  in  Fig.  4,  a  development  of  the 
rim  of  which  is  shown  exaggerated  in  Fig.  5,  the  surface 
from  4  to  5  being  inclined  at  a  slight  angle  to  the  base, 
while  that  from  B  to  C  is  parallel.  The  grooves  are  filled 
with  oil.  A  flat  disk  upon  the  shaft  whose  thrust  is  to  be 
hikeu,  rides  upon  the  surface  BC,  and  turning  in  the  di- 
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reitioii  of  the  arrow  entrains  oil  up  the  slight  incline, 
forcing  the  disks  apart.  In  poclcets  in  the  back  of  the 
disks,  as  shown,  are  springs  stressed  to  some  20  per  cent, 
aliove  the  normal  pressure.  A  number  of  these  members 
are  used  in  series,  and  as  the  pressure  induced  by  the 
entraining  action  of  the  disks  on  the  oil  increases  it  com- 
presses the  springs,  increases  the  vsection  through  which 
the  oil  may  pass,  and  distributes  the  load  among  the  sev- 
eral blocks.  The  end  thrust  on  the  experimental  turbine 
is  some  80  tons,  and  the  thrust  lilocks  carry  about  500 
II).  per  sq.in.  Ordinary  turbine  oil  is  used,  circulated  and 
cooled  in  the  usual  way. 

The  cylinder  which  carries  the  stationary  blading  is 
supported  concentrically  with  the  bearing,  and  quite  clear 
of  the  necessarily  unsymmetrical  outside  casing.  Be- 
tween the  cylinder  and  the  casing  are  belts  for  steam  of 
different  pressures  but  of  the  same  temperature.  Steam 
admitted  to  the  first  chamber  and  surrounding  the  high- 
pressure  end  of  the  shell  passes  through  the  first  portion 
of  the  blading,  is  drawn  ofi  at  the  point  indicated,  passed 
through  the  reheater,  returned  to  the  chamber  surround- 
ing the  low-pressure  part  of  the  shell  at  the  lower  pres- 
sure, but  at  the  initial  temperature.  Conduction  from 
this  shell,  subjected  throughout  its  length  to  the  high 
initial  temperature,  tends  to  keep  up  the  temperature  of 
the  steam  all  the  way  through  the  turbine.  Packing  rings 
carried  on  the  symmetrical  stator  drum  fit  into  grooves 
in  the  outer  casing  to  separate  the  pressure  chambers 
while  permitting  freedom  of  movement  radially  and  longi- 
tudinally. 

The  experimental  turbine  has  a  capacity  ot  3000  kw. 
at  1500  r.p.m.  It  has  only  two  bearings,  and  is  10  ft.  6 
in.  between  bearing  centers.  It  has  produced  current  at 
the  rate  of  a  kilowatt-hour  on  9.4  lb.  of  steam  having  an 
initial  pressure  of  130  lb.,  680  deg.  P.  total  temperature 
at  entry  to  both  high-  and  low-pressure  stages,  and  with 
a  \acuum  of  28.7  in.  referred  to  a  30-in.  barometer.  It  is 
not  possible  to  state  just  what  eificieucy  this  represents 
without  knowing  to  what  extent  the  steam  was  expanded 
in  the  first  stage,  and,  therefore,  how  much  heat  was 
added  to  it  in  the  reheater. 

The  Vextui!!  Gate  Yalvk 

Another  invention  of  Ferranti's  which  is  just  becoming 
known  in  America  is  his  Venturi  valve.  Large  valves  are 
cumbersome  and  expensive,  and  many  advantages  attend 
the  controlling  of  the  flow  of  a  fluid  through  a  smaller 
orifice.  Ferranti  places  the  gate  of  his  valve  in  the  throat 
of  a  Venturi  tiibe,  which  converts  pressure  temporarily 
into  velocity,  allowing  a  smaller  passage  to  be  used,  and 
restores  the  pressure  upon  the  "down  stream"  side.  The 
uniform  section  of  the  neck  is  preserved  by  a  ring  drawn 
into  place  when  the  gate  is  lifted.  See  Power,  Sept.  24, 
1912,  p.  475. 

A  LoxG  Look  Ahead 

In  his  inaugural  address  as  president  of  the  Institu- 
tion of  Electrical  Engineers,  Ferranti  gave  his  imagina- 
tion full  sway  in  a  broad  consideration  of  the  subject  of 
coal  utilization.  If  electrical  energy  could  be  sold  at  one- 
quarter  of  a  cent  per  kilowatt-hour  everybody  would  use 
it  for  all  sorts  of  purposes.  Heating  would  be  done  and 
manufacturing  processes,  such  as  smelting  ore,  steel  mak- 


ing, etc.,  carried  on  by  electricity  instead  of  by  promiscu- 
ous and  wasteful  coal  burning.* 

Well,  if  everybody  would  use  it  for  such  purposes  it 
could  be  sold  at  that  price,  and  Ferranti  conceives  for 
Great  Britain  a  chain  of  100  great  central  stations,  each 
with  10  generators,  turbine-driven,  of  course,  of  25,000 
kw.  capacity  each.  The  promiscuous  demand,  of  which  a 
large  portion  would  be  controllable  as  to  time,  would 
produce  a  load  factor  of  60  or  more.  The  coal,  instead 
of  straggling  over  the  country  in  thousands  of  minute 
streamlets  at  infinite  cost  in  labor  of  handling,  would 
flow  in  100  lines  in  the  most  eflicient  manner  directly  to 
the  100  points  of  use,  many  of  which  would  be  contiguous 
to  the  mines.  Instead  of  being  burned  in  the  present 
wasteful  and  inefficient  inanner,  polluting  the  atmosphere 
with  its  smoke  and  gases,  it  would  be  converted  in  the 
most  efficient  way  into  gas,  burned  smokelessly  as  such, 
and  the  byproducts  recovered,  which  would  furnish  fertil- 
izer to  enable  the  land  by  intensive  cultivation  to  sup- 
ply the  country's  food,  77  per  cent,  of  which  is  now  im- 
ported. He  even  hints  at  controlling  the  sunshine  and 
the  rainfall  electrically,  remarking  that  while  such  specu- 
lations may  seem  only  mad  visions  of  the  future,  they  can 
hardly  be  considered  more  improbable  than  anyone  would 
have  considered  wireless  telegraphy  or  flight  in  heavier- 
than-air  machines  5(1  years  ago. 


A  Boiler-Room  School 

A  school  of  instruction,  for  sui^erintendents,  engineers 
and  boiler-room  foremen,  is  to  be  established  at  the 
Peoria  plant  of  the  Illinois  Traction  System  by  Harring- 
ton &  Peebles,  Chicago,  advisory  engineers  on  boiler-room 
economy.  The  plan  is  to  equip  one  boiler  with  a  full 
set  of  both  indicating  and  recording  instruments  to  show 
and  record  draft  and  temperature  changes  that  take  place 
with  different  conditions  and  methods  of  firing.  Both  the 
coal  and  water  will  be  continuously  measured  and  a  test 
may  be  conducted  at  a  moment's  notice. 

It  is  intended  to  indicate  to  the  engineers  and  firemen 
the  value  of  different  parts  of  the  boiler,  the  most  effi- 
cient methods  of  firing,  the  use  of  the  various  instruments 
necessary  in  detecting  efficiency  losses  and  the  value  ot 
smokeless  combustion,  the  effect  on  efficiency  of  soot  and 
scale  accumulations,  the  effect  of  various  sizes  and  kinds 
of  coal  and  the  most  efficient  percentage  of  C0„. 

Not  only  will  this  be  demonstrated  on  the  test  boiler, 
but  when  a  condition  of  highest  efficiency  is  obtained,  it 
will  immediately  be  applied  to  the  rest  of  the  plant  and  a 
practical  demonstration  made  of  the  possibility  of  apply- 
ing such  a  condition  to  any  entire  plant. 

Mr.  Chubbuck.  vice-president  of  the  Illinois  Traction 
System,  has  shown  progressiveness  in  thus  establishing 
the  first  school  of  its  kind  in  street-railway  power  plants. 

Mr.  Harrington  was  for  many  yearis  the  chief  engineer 
of  the  Green  Engineering  Co.,  Chicago,  and  Mr.  Peebles 
was  his  assistant  in  the  engineering  department  of  the 
same  company. 


♦Since  writing  tlie  above  a  friend  has  eaUed  my  attention 
to  an  adinowledBment  in  Rodenhauser's  work  oil  "Electric 
Furnaces  in  the  Iron  and  Steel  Industry."  that  Ferranti  was 
first  to  recognize  that  by  the  use  of  the  induction  furnace  we 
arc  able  to  obtain  any  desired  current  strength  in  the  second- 
ary circuit  by  properly  winding  the  primary,  and  to  use  the 
idea  in  the  design  of  an  electric  furnace,  described  in  his  pat- 
ent in  1S87.  How  many  people  were  thinking  about  electric 
furnaces   upon   a   large   scale   at   that   time? 
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Air-Compressor  Installation  and  Operation 


By  E.  M.  Ivens 


SYNOPSIS — The  compressor  is  not  the  rough  and  ready 
machine  imagined  by  some  engineers.  For  efficient  ser- 
vice and  safe  operation,  it  must  he  properly  installed  and 
given  faithful  attention.  How  to  do  this  is  simply  told 
in  the  following  article. 

a 

Unsatisfactory  operation  of  air  compressors  and  dis- 
astrous explosions  in  receivers  and  pipe  lines  emanate 
mostly  from  improper  installation  in  the  first  place  and 
continued  negli<?;ent  operation  and  disregard  of  the  com- 
pressor manufacturer's  instructions  in  the  second  place. 
Unfortunately,  many  operating  engineers  look  upon  the 
compressor  as  a  rough  and  ready  machine  built  to  with- 
stand all  manner  of  abuse,  expensive  to  operate,  and  only 
to  be  used  when  nothing  else  will  serve  the  purpose.  This 
impression  is  erroneous  and  is  easily  corrected  if  the  in- 
tended operator,  before  erecting  a  compressor,  will 
familiarize  himself  with  the  practical  principles  of  air 
compression ;  the  attendant  dangers  and  necessary  pre- 
cautions; and  the  simple  requirements  essential  to  eco- 
nomical operation.  A  few  instructions  follow  which  if 
observed  only  indifferently  will  furnish  the  much  needed 
relief  to  the  compressor,  as  well  a.s  reduce  operating  costs 
and  eliminate  the  danger  of  the  now  too  frequent  ex- 
plosions. 

Location 

In  installing  a  aew  compressor,  the  first  consideration 
is  where  to  build  the  foundation.  The  cleanest  and  cool- 
est place  available  in  the  room  should  be  chosen,  and 
ample  space  provided  all  around  so  that  cleaning  and  in- 
spection of  the  compressor  may  be  easily  accomplished. 
Location  in  boiler  rooms  and  near  coal  piles,  which  is  so 
often  done,  should  be  especially  avoided. 

Foundation 

To  appreciate  the  value  of  a  good  foundation,  consider 
the  exacting  and  severe  duty  that  the  compressor  is  re- 


PiG.   1.  Diagrams  from   Straight-Line   Compressor; 
Power  Maximum,   Compression  Minimum 

quired  to  perform.  The  earliest  type  of  dry  compressor 
and  the  one  in  most  general  use  at  present  is  the  straight- 
line  steam-actuated  machine.  The  principle  is  simply 
the  direct  application  of  power  to  resistance  by  the  use 
of  tandem  pistons  and  extended  rod. 

Eeferring  to  Figs.  1  and  2,  the  pressure  relations  are  as 
follows :  During  the  first  part  of  the  stroke  the  energy 
in  the  steam  cylinder  is  at  its  greatest,  while  in  the  air 
cylinder  compression  is  just  beginning,  and  consequently 
t'le  resistance  is  least.  As  the  pistons  advance,, the  steam 
301?.  air  pressures  approach  a  balance  until  at  some  point 
past  mid-itroke  power  and  resistance  are  exactly  equal. 
After  this  neutral  point  is  past,  the  ratio  of  power  to  re- 
sistance then  decreases  until  finally  at  the  end  of  the 
stroke,  the  former  is  minimum,  and  the  latter  is  maxi- 
mum.    The  excess  of  power  in  the  steam  cylinder  at  the 


beginning  of  the  stroke  is  stored  up  in  the  fiywheels,  in- 
creasing their  momentum,  and  is  returned  to  the  shaft 
during  the  latter  part  of  the  stroke,  helping  the  machine 
over  each  dead  center. 

The  duplex  type  of  compressor  is,  in  effect,  two  straight- 
line  compressors  placed  side  by  side,  and  connected  by  a 
common  crankshaft  on  which  is  mounted  the  balance 
wheel.  The  crank  of  one  side  is  set  a  quarter  of  a  circle 
in  advance  of  that  of  the  other  side  so  tliat  when  the 
pistons  of  one  are  at  mid-stroke  those  of  the  other  side 
are  at  the  beginning  or  end  of  their  stroke.    Fig.  3  shows 


1 
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Fig.  2.  Power  Minimum  and  Compression  Maximum 

the  steam  pressures  and  opposed  air  pressures  at  the  be- 
ginning of  a  revolution.  Power  is  in  excess  of  resistance 
in  the  upper  set  of  cylinders,  while  in  the  lower  cylinders 
the  reverse  exists.  The  surplus  power  in  the  upper  steam 
cylinders  is  applied  through  the  crankshaft  to  carry  the 
lower  half  over  the  center. 

Fig.  1  shows  the  instantaneous  steam  and  air  pressures 
a  quarter  of  a  revolution  later.  Here,  power  is  in  excess 
of  resistance  in  the  lower  cylinders,  and  minimum  power 
is  opposed  to  maximum  resistance  in  the  upper  cylinders. 
Assistance  is  now  received  by  the  upper  half  from  the 
lower  half  by  the  transmission  of  the  surplus  power 
through  the  crankshaft  as  before. 

A  quarter  of  a  revolution  later,  Fig.  5,  the  compressor 
has  begun  its  return  stroke,  and  the  conditions  are  exactly 
the  same  as  those  shown  in  Fig.  3,  but  reverse  in  direc- 
tion. Fig.  6  shows  the  conditions  existing  during  the  last 
part  of  the  revolution  which  are  identical  with  those 
shown  in  Fig.  4,  but  also  reverse  in  direction. 

Thus  it  can  be  readily  seen  that  aside  from  the  vibra- 
tions characteristic  of  all  reciprocating  machinery,  the 
compressor  is  subjected  to  unbalanced  shocks,  and  strains 
that  are  imposed  by  the  nature  of  the  duty  and  which 
also  must  be  absorbed  by  the  foundation.  The  size  and 
depth  of  foundation  depends  largely  upon  the  nature  of 
the  soil  in  which  it  is  to  be  built.  The  manufacturers 
send  out  detailed  foundation  plans  with  each  compressor, 
assuming,  of  course,  that  the  foundation  is  to  be  built  in 
reasonably  firm  ground,  but  if  the  ground  is  insecure,  a 
liberal  base  a  foot  or  more  larger  all  around  than  the 
foundation  bottom  shoiild  be  added  to  the  manufacturer's 
specifications.  Tt  is  importa:it  that  special  pains  be  taken 
to  make  the  foundations  for  straight-line  compressors 
of  liberal  size  and  rigidity,  and  it  is  a  good  plan  to  rein- 
force concrete  foundations  with  I/2-  or  %-ln.  iron  rods 
near  the  top  and  bottom,  placing  some  len.arthwise  and 
others  crosswise  of  the  foundation.  In  the  duplex  type 
of  compressor,  the  unbalanced  strains  are  considerably 
less,  but  the  same  care  should  be  taken  in  building  ibe 
foundation. 

Eeceiver 

The  functions  of  the  air  receiver  are  to  create  a  cushion 
and  thereby  eliminate  the  pulsations  in  the  pipe  line,  to 
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i('i-\c  as  a  storage  of  power,  to  cool  tlie  air  and  precipitate 
lay  oil  or  moisture  carried  in  entrainment,  and  to  elimi- 
late  certain  friction  losses  that  would  occur  if  cooling 
vcre  effected  in  the  pipe  lines.  The  receiver  should  con- 
cquently  be  located  in  a  cool  place,  preferably  outside  of 
he  building,  and  as  close  as  possible  to  the  compressor. 
Receiver  fittings  should  include  a  pressure  gage,  safety 
'alve  and  blowoft'  cock  located  at  or  near  the  bottom. 

Aik-Inlet  Piping 

An  increase  of  5  dcg.  F.  in  temperature  of  the  intake 
lir  is  accompanied  by  a  decrease  of  1  per  cent,  in  volu- 
netric  efficiency.  This  means  that  as  intake-air  tempera- 
tire  increases,  the  free  air  capacity  of  the  machine  de- 
;reases,  and  the  same  amount  of  energy  is  e.xpeuded  as 
:hough  the  full  capacity  of  the  machine  were  being 
•ealized.  To  assist  the  compressor,  then,  the  inlet  should 
)e  piped  to  the  outside  of  the  building,  and  up  some  10 
;r  12  ft.  above  tlie  ground  surface.  The  opening  should 
)e  well  screened  to  prevent  drawing  in  dust  and  dirt  and 
looded  to  keep  out  rain.  If  it  is  impracticable  to  carry 
he  intake  outside  and  air  must  be  drawn  into  the  cylin- 
ler  directly  from  the  room,  it  is  very  important  that  no 
lust  or  dirt  be  allowed  near  the  opening,  for  a  small 
imount  being  continually  drawn  into  the  cylinder  with 
he  air  will  cut  and  wear  the  inner  surfaces  and  valves 
•ery  rapidly,  and  no  end  of  trouble  results. 

Sometimes  conduits  are  used  instead  of  piping  to  the 
ulet.  These  are  best  constructed  of  wood  lined  with  tin 
ind  the  opening  well  screened.  Concrete  or  brick  con- 
truction  should  be  avoided,  for  grit  is  liable  to  be  loosened 
)y  the  vibrations  of  the  compressor  and  drawn  into  the 
ylinder.  Conduits  should  be  of  at  least  double  the  cross- 
ectional  area  of  the  inlet  opening  of  the  compressor. 

As  few  bends  as  possible  should  be  put  in  inlet  piping, 
,nd  when  used,  should  be  either  long-turn  fittings  or  pipe 
leatly  bent,  preferably  the  latter.  To  further  reduce 
rictional  resistance  the  inlet  piping  should  be  increased 
n  diameter  in  proportion  to  its  length.  A  good  rule  to 
ollow  is  to  increase  the  diameter  %  in.  for  each  10  ft. 
idded  in  length. 

Discharge  Pii'ing 

The  pipe  connecting  the  compressor  and  receiver  should 
ie  of  at  least  the  diameter  of  the  discharge  opening  of 
he  cylinder  and  contain  as  few  bends  as  possible.  Very 
ften,  a  salesman  in  taking  an  order  for  an  air  receiver, 
ecommends  one  whose  inlet  opening  is  considerably 
mailer  than  the  compressor-discharge  opening.  When 
lie  receiver  arrives,  and  the  engineer  on  the  ground  learns 
his,  he  immediately  proceeds  to  insert  a  pyramid  of  bush- 
ngs  in  the  cylinder  opening.  This  imposes  additional 
ardship  on  the  compressor  and  creates  a  condition  con- 
ucive  to  an  explosion. 

Another  serious  mistake  that  is  often  made  is  the  ]A-av- 
ng  of  a  stop  valve  between  the  compressor  and  receiver, 
liis  should  never  be  done  unless  a  safety  valve  is  placed 
etween  the  stop  valve  and  the  air  cylinder,  for  there  is 

possibility  of  at  some  time  starting  up  with  the  stop 
alve  closed  when  a  dangerous  pressure  will  soon  be 
eached  and  an  explosion  is  likely  to  occur. 

LUBRICATIOX 

The  bearings  and  other  external  wearing  parts  of  the 
ir  compressor  are  usually  lubricated  either  by  means  of 
i]   And  grease  cups  suitably  placed,  or  by  a  splash  or  bath 


system.  The  latter  niethoil  is  coming  into  more  pojnilar 
favor  and  is  rapidly  replacing  the  former  because  of  its 
simplicity,  effectiveness  and  economy  in  the  use  of  oil. 
Against  it  stands  the  objection  that  it  is  likely  to  be  neg- 
lected and  the  oil  allowed  to  become  dirty  and  gritty, 
due  to-  accumulation  of  abrasives  gathered  by  the  oil  in 
passing  and  repassing  over  the  bearings. 

Air-cylinder  lubrication  is  by  far  the  most  vital  point 
in  air-compressor  operation,  and  it  seems  to  be  the  least 
understood.  In  order  to  fully  appreciate  the  necessity  of 
proper  cylinder  lubrication,  consider  the  conditions  that 
have  to  be  met.    The  compression  of  a  gas  is  accompanied 
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Duplex    Compressor    Diagrams,    Showing    Relative 
Relations  between  Power  axd  Compression 

by  a  rise  in  temperature  in  accordance  with  the  well 
known  law  of  thermodynamics.  The  tem]ierature  of  the 
air  at  discharge  from  the  cylinder  is  dependent  upon  not 
only  the  pressure  but  upon  the  temperature  of  the  intake 
air  as  well.  Assume  that  a  single-stage  compressor  is 
operating  at  sea  level,  that  the  atmospheric  temperature 
is  60  deg.  F.  and  the  discharge  pressure  is  70  lb.,  the 
final  temperature  of  the  air  will  be  866  deg.  abs.  or  406 
deg.  by  the  tliermometer.  This  calculation  is  based  on  no 
heat  radiation  losses  and  is  consequently  slightly  greater 
than  the  actual  discharge  temperature.  The  difference 
between  actual  discharge  temperature  and  that  calcu- 
lated above  is  small,  for  the  actual  compression  line  fol- 
lows the  adiabatic  very  closely.  Air  is  one  of  the  poorest 
conductors  of  heat  and  the  water  jacket  has  little  effect 
other  than  facilitating  lulirication.  Tests  of  compressors 
operating  under  conditions  named  show  that  the  actual 
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I'.i^diiirge  air  temperatures  range  between  325  and  .565 
Jeg.  F.  and  instances  of  even  higher  are  on  record. 

The  lowest  temperature  at  which  an  oil  will  give  olT 
eombustible  vapors  is  called  the  flash  point  and  the  tem- 
perature at  which  these  vapors  ignite  and  continue  to 
burn,  is  the  ignition  point.  The  flash  point  of  common 
lubricating  oil  is  about  260  deg.  F.,  and  the  ignition  point 
about  295  deg.  Common  cylinder  oils  flash  at  about  350 
deg.  and  ignite  at  about  400  deg.  P.  The  oil  best  suit- 
able to  air-ej'liuder  service  is  one  having  a  flash  point 
of  about  500  deg.  and  an  ignition  point  of  about  600 
dog.  F. 

If  proper  oil  is  used,  a  comparison  of  tomperatiires 
will  show  that  under  ordinary  conditions  and  with  cylin- 
ilcr  and  valves  in  good  condition,  an  explosion  is  impos- 
sible. If,  on  the  other  hand,  a  low-flash-test  cylinder  oil 
is  u.sed,  it  is  soon  decomposed  by  the  heat  and  the  vola- 
tile constituents  are  ignited  and  a  destructive  explosion 
usually  follows.  There  are  instances  on  record  where 
■gnition  has  occurred  without  explosion,  but  the  chances 
are  always  in  favor  of  explosion. 


Fig.  7.  Piping  to  C'ylindkk  Water 
Jacket 

A  scored  cylinder  and  valves  caused  by  dirt  and  grit 
drawn  in  with  the  air  and  sticking  discharge  valves  may 
also  cause  the  ignition  of  volatile  constituents  of  the  oil. 
For  instance,  suppose  that  a  sufficient  amount  of  air 
at  discharge  temperature  found  its  way  back  from  the  re- 
ceiver or  pipe  line  into  the  cylinder  on  the  suction  side 
of  the  piston,  to  raise  the  initial  temperature  from  60 
to  200  deg.  F.  This  air  might  return  either  through 
leaky  or  sticking  discharge  valves,  or  from  the  compress- 
ing side  of  the  moving  piston  to  the  suction  side.  Then 
with  200  deg.  F.  initial  temperature,  the  final  tempera- 
ture of  air  compressed  to  70  lb.  gage  would  be  635  deg.  F., 
which  is  high  enough  to  decompose  and  ignite  even  the 
best  of  oils.  This  shows  the  importance  of  locating  the 
compressor  so  that  the  coolest  and  cleanest  air  obtainable 
is  drawn  into  the  cylinder.  Other  conditions  which  are 
favorable  to  ignition  are  carbon  deposits  from  the  oil 
on  the  valves  and  passages  restricting  their  area  ;  too  small 
a  discharge  pipe;  and  drawing  air  from  a  hot  engine 
room.  Any  of  these  cause  at  least  an  increased  final  tem- 
perature, and  each,  if  extreme,  will  ultimately  cause  igni- 
tion. 

Only  a  very  small  amount  of  oil  is  necessary  for  the  air 
cylinder  and  as  little  as  possible  should  be  used,  for  excess 
of  oil  will  deposit  carbon  and  gum  the  valves.  Just  how 
much  can  best  be  determined  by  experiment,  but  a  good 
approximation  is  one  drop  per  minute  for  cylinders  of 
from  6-  to  10-in.  stroke,  three  drops  in  two  minutes  for 


(yliuders  of  from  12-  to  16-in.  stroke,  two  drops  per 
miuute  in  cylinders  of  from  18-  to  24-in.  stroke,  and  three 
to  five  drops  for  larger  cylinders.  .  These  quantities  apply 
when  the  compressor  is  running  at  normal  speed,  and  if 
for  any  reason  the  revolutions  are  increased  or  decreased, 
the  quantity  of  oil  should  also  be  varied  in  proportion. 

CiucuLATiNG  Water 

The  duty  of  the  jacket  water  is  to  carry  off  the  heat 
transmitted  to  the  cylinder  walls  and  heads  by  the  cmn- 
pression  of  the  air,  and  thereby  assist  lubrication.  A  lib- 
eral supply  of  cool  water  should  be  furnished  the  jacket 
and  necessary  precautions  taken  that  will  prevent  start- 
ing up  with  a  dry  jacket.  Air  cylinders  are  provided  with 
v>ater-inlet  and  outlet  openings  as  well  as  a  drain.  In 
some  cylinders,  inlet  and  outlet  openings  are  at  the  top 
of  the  barrel  while  in  others,  the  inlet  is  below  and  the 
outlet  above  the  barrel.  In  the  first  instance,  there  can 
be  no  mistake  in  making  pipe  connections,  but  with  the 
latter  arrangement  of  openings,  the  error  is  often  made  of 
connecting  the  inlet  pipe  above  into  the  outlet  opening. 
When  this  error  is  made,  the  jacket  is  not  kept  full  of 
water,  and  the  surfaces  not  in  contact  with  the  water 
v.'ill  become  heated. 

The  water  outlet  should  be  in  plain  view  of  the  operator 
and  this  is  best  accomplished  by  allowing  the  water  to  fall 
into  an  open-pipe  end  or  funnel,  as  shown  in  Fig.  7.  The 
controlling  valve  should  always  be  placed  in  the  inlet. 
Sometimes  the  circulating  water  is  used  for  other  pur- 
poses after  leaving  the  jacket,  and  a  closed  circuit  is  nec- 
essary. The  jacket-water  pressure  should  not  exceed  50 
to  60  lb.  unless  special  attention  has  been  given  to  the 
design.  Dirty  circulating  water  is  injurious  in  that  mud 
deposits  will  form  which  prevent  the  water  from  reaching 
the  metal  and  heating  will  result.  If  the  compressor  is 
exposed  to  freezing  temperature,  the  jacket  should  be 
drained  after  shutdown ;  otherwise  the  expansion  of  the 
water  in  freezing  will  crack  the  jacket. 

Inspection  and  Cleaning 

At  stated  intervals,  say,  every  month,  the  compressor 
should  be  thoroughly  inspected  and  any  defect  corrected 
immediately.  The  air  valves  of  the  modern  compressor 
are  usually  placed  conveniently  and  can  be  easily  removed 
and  examined.  They  should  present  an  oily  surface  and 
be  kept  free  of  carbonaceous  deposits.  The  ports  and 
[lassages  should  also  be  kept  clean  and  free  from  obstruc- 
tions. 

Cleaning  of  the  inside  of  the  air  cylinder  may  be  done 
effectively  by  filling  the  lubricator  with  a  strong  solu- 
tion of  water  and  soap,  and  feeding  liberally  throughout 
a  day's  run.  Liberal  quantities  are  necessary  because 
soap  in  itself  is  not  a  very  good  lubricant.  At  the  end 
of  the  day's  run  the  lubricator  should  be  filled  with  oil 
and  the  compressor  operated  for  awhile.  This  to  prevent 
rusting  of  the  inner  polished  surfaces.  Because  of  its  low 
flash  point,  kerosene  should  never  be  used  for  cleaning 
the  cylinder. 

Summing  up  all  that  has  been  said,  the  following  mode 
of  operation  is  obviously  to  be  recommended : 

Every  morning — Drain  the  receiver;  notice  the  height 
of  lubricating  oil  in  the  crank  case  or  in  the  oil  cups  and 
replenish  if  necessary ;  adjust  the  lubricator  for  the  proper  i 
amount  of  oil  feed;  start  the  circulating  water. 

Every  week — Eemove  the  crank-case  oil  and  filter  it;l 
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r('iiiu\e  and  exaniiiie  the  suction  and  discharge  valves,  if 
Avorn  or  cut,  they  should  be  ground  to  a  tight  fit ;  test  the 
safetj'  valve  bj'  raising  the  air  pressure  to  the  point  of 
lilnwoff ;  take  up  lost  motion  in  the  pins  and  bearings. 

l<]vc'ry  month — Renew  the  crank-case  oil  and  thorough- 
ly cleanse  the  inside  of  the  crank  case ;  thoroughly  inspect 
all  ])arts,  including  the  air  and  water  passages. 


Like  any  other  piece  of  machinery,  the  air  compressor 
will  need  thorough  overhauling  at  some  time.  The  parts 
most  likely  to  break  are  the  valves  and  it  is  advisable  to 
carry  on  hand  a  complete  set  of  both  inlet  and  discharge 
valves  for  emergency  and  thus  avoid  expensive  shutdowns 
while  waiting  for  new  ones  from  the  factory,  or  else  op- 
erating with   a   l)adlv   worn   or  broken'  valve. 


The  World's  Fuel-Oil  Production 


By  J.  J.  MrlxTosH 


SYNOPSIS — Uses  of  fuel  oil  and  comparative  proilitc- 
iive  records  of  different  counlries. 

A  review  of  the  progress  of  petroleum  development 
shows  that  in  the  early  stages  of  this  industry,  discoveries 
of  oil  deposits  were,  in  a  large  measure,  controlled  by 
chance.  In  some  oil  fields  the  discovery  followed  the  in- 
vestigation of  seepages,  while  in  others  the  presence  of  oil 
was  discovered  while  drilling  for  water  or  the  presence 


in  the  nortliwestcrn  part  of  the  United  States  and  in 
southern  Canada  held  to  coal  for  a  considerable  period 
after  the  permanency  of  the  fuel-oil  supply  was  assured. 
The  last  tie  to  coal  became  broken  with  the  realization 
that  the  failure  of  their  immense  locomotives  to  move 
the  weight  that  had  been  confidentially  expected  of  them, 
was  not  the  fault  of  the  machines.  The  weight  of  trains 
over  the  mountain  divisions  was  invariably  limited  to  the 
endurance  of  tlie  fireman.     Shoveling  coal  on  the  large 


Oil  Fields  of  Southern  CALiFonNiA 


of  gas  led  to  investigation.  Owing  to  the  vastly  superior 
knowledge,  in  the  matter  of  oil-liearing  formations,  which 
we  now  possess,  the  element  of  chance  is  eliminated  and 
we  are  able  to  systematically  trace  oil-bearing  strata  un- 
der large  areas.  The  enterpri.«e  and  diligence  of  the 
United  States  Geological  Survey  in  its  work  of  investigat- 
ing local  geological  conditions  has  been  chiefly  instru- 
mental in  bringing  this  about. 

The  use  of  oil  fuel  on  the  railroads  and  in  the  United 
States  navy  and  merchant  marine  service  is  rapidly  in- 
creasing. The  transcontinental  railroads  are  now  using 
oil  fuel  on  many  miles  of  line.     Some  of  the  railroads 


engines  over  these  divisions  is  a  task  that  few  can  stand 
up  to.  With  the  use  of  oil  as  fuel  this  feature  was  en- 
tirely removed. 

The  United  States  navy  has  some  20  oil-burning  tor- 
pedo-boat destroyers,  and  eight  battleshijis  which  burn  oil 
as  auxiliary  to  coal.  The  battleships  "Nevada"  and 
"Oklahoma"  burn  oil  exclusively. 

An  event  of  interest  in  the  merchant  marine  service 
was  the  voyage  of  the  "Honolulan"  from  Baltimore,  Md., 
to  Seattle,  Wash.  This  vessel  carried  a  cargo  of  7000 
tons  of  coal  but  was  propelled  by  oil.  The  journey  covered 
14,000  miles  and  required  a  barrel   (42  gal.)   of  oil  per 
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le.    The  oil  weighed  1866  short  tons,  and  to  serve  the 
lie  purpose  it  is  estimated  that  5600  tons  of  coal  would 

i'lioDUCTiON  Data 

A  glance  at  Table  1  shows  the  world's  total  production 
inn  to  be  345,512,185  bbl.,  or  over  46,500,000  metric 


United  Stat-s  for  1911  is  of  interest.  Tables  1  to  4  in- 
clusive, were  compiled  b_v  the  United  States  Geological 
Survey. 

In  regards  to  the  oil  production  in  Mexico,  the  United 
States  Geological  Survey  reports  as  follows :  "The  quan- 
tity of  oil  which  the  Mexico  fields  are  now  ready  to  fur- 
nish is  variously  estimated  at  from  6,000,000  to  12,000,- 


TABLE   1.     WORLDS  PRODUCTION  OF  CRUDE  PETROLEUM,   in06-19n.   BY  COUNTRIES,   IN  BARRELS  AND  METRIC  TON,S 


1907 

1908 

1909 

1910 

166,095,335 

178,527,355 

183,170.874 

209,.557,248 

61,850,734 

62,186,447 

65,970,350 

70,336,574 

1,000,000 

3,481,410 

2,488,742 

3,332,807 

9,982,597 

10,283,357 

11,041,852 

11,030,620 

8,118,207 

8,252,157 

9,327,278 

9,723,806 

8,455,841 

12,612,295 

14,932,799 

12,673,688 

4,344,162 

5,047,038 

6,676,517 

6,137,990 

2,010,639 

2,070,145 

1,889,563 

1,930,661 

756,226 

1,011,180 

1,316,118 

1,330,105 

756,631 

1,009,278 

1,018.837 

1,032,522 

788,872 

527,987 

420,755 

315,895 

59,875 

50,966 

42,388 

42.388 

a30,000 

030,000 
285,089,615 

o30,000 
298,326,073 

030,000 

264.249,119 

327,474,304 

Total 

o  Estimated. 

IS.  The  United  States  ranks  first  in  the  production 
petroleum,  producing  63.8   per  cent,   of  the   world's 

:al  output.  Table  2  gives  the  total  quantity  and  value 
petroleum  produced  in  the  United  States  and  the  av- 

ige  price  per  barrel  in  1910  and  1911,  by  states,  in  bar- 

s.  Table  3  gives  the  percentage  of  increase  or  decrease, 
the  different  states  in  1910  as  compared  with  1911. 


Per  Cent,  of 

Barrels 

Metric  Tons  Total  Production 

220,449,391 

29,393,252 

63.80 

66,183,691 

9,066,259 

19.16 

14,051,643 

1,873.552 

4.07 

12,172,949 

1,670,668 

3  52 

11,101,878 

1,544,072 

3.21 

10,485,726 

1,4.58.275 

3.04 

6,451,203 

897,184 

1.87 

1,658.903 

221,187 

0,48 

1,398,036 

186,405 

0.40 

995,764 

140,000 

0.29 

291,096 

38,813 

0.08 

071.905 

10,000 

0  02 

0200,000 

26,667 
46,526,334 

0.06 

345,512,183 

100.00 

000  bbl.  a  month.  The  total  production  was  perhaps  a 
tenth  as  much,  the  production  being  limited  neither  by 
supply  or  demand,  but  by  transportation  facilities.  The 
needed  tank  steamers  are  being  furnished  as  rapidly  as 
they  can  be  built.  It  should  be  borne  in  mind,  however, 
that,  given  a  supply  of  tank  steamers  sufficient  for  all 
the  oil  that  can  now  be  furnished  for  the  Eastern  coast, 


TOTAL  QUANTITY  AND  VALLTE  OF  PETROLEUM  PRODUCED  IN  THE  UNITED  STATES  AND  THE  AVERAGE  PRICE  PER 
BARREL  IN  1910  AND  1911,  BY  ST.\TES,  IN  BARRELS 


itucky . 
higan . 
V  York 


Quantity 

V^alue 

Average  Price 
per  Barrel 

Quantity 

Value 

Average  Price 
per  Barrel  ■ 

73,010,560 

239,794 

33.143.332 

2,159,725 

1,128,668 

468,774 

6,841,395 

$35,749,473 

243,402 

19,669,383 

1,568,475 

444,763 

324,684 

3,574,069 

$0,490 
1.015 
0.593 
0.726 
0.394 
0.693 
0.522 

81,134,391 

226,926 

31,317,038 

1,695,289 

1,278,819 

472,458 

10,720,420 

$38,719,080 

228,104 

19,734,339 

1,228,835 

608,756 

328,614 

5,668,814 

$0,477 
1.005 
0  630 
0.740 
0.476 
0.696 
0.529 

1         3,615 

4,794 

1.326 

7,995 

7,995 

1.000 

1,053,838 
9,916,370 
52,028,718 
8,794,662 
8,899,266 

1.414,668 
10,651.368 
19,922,660 
11,908,914 

6,605,755 

1.342 
1.074 
0.383 
1.354 
0.742 

952,515 
8,817,112 
56,069,637 
8,248.158 
9,526,474 

1,248,950 
9,479,542 
26,451,767 
10,894,074 
6,554,552 

1.311 
1.075 
0.472 
1.321 
0.688 

}      115,430 

93,536 

0.810 

186,695 

124,037 

0.664 

11,753,071 

15,723,544 

1.338 

9,795.464 

12,767,293 

1.303 

209,557,248       $127,i 


220,449,391        $134,044,752 


ilifornia  ranks  first  with  a  production  of  81,134,391 
L  in  1911  to  her  credit.  Oklahoma  ranks  second  with 
production  of  56,069,637.  In  1912  the  production  of 
troleum  in  Oklahoma  declined  to  about  52,000,000  bbl. 
lile  the  California  output  for  the  same  year  increased 

about  87,000,000  bbl.  Referring  to  Table  3,  the  total 
crease  in  the  United  States  in  1911  over  that  of  1910 

5.20  per  cent.     Table  4,  giving  the  well  record  in  the 


the  market  would  probably  be  temporarily  oversup])lied. 
The  consumers  of  fuel  require  time  for  the  substitution 
of  oil  for  coal,  though  the  many  advantages  of  the  former 
are  obvious." 

Another  factor  in  the  future  production  of  petroleum 
that  is  worthy  of  consideration  will  be  the  opening  of  the 
Panama  Canal.  This,  in  all  probabitity,  will  be  the  means 
of  opening  up  oil  lands  in  Mexico  and  South  America, 


BLE  3.     TOTAL  PRODUCTION  OF  PETROLEUM  AND  PERCENTAGE  OF  INCREASE  OR  DECREASE  BY  STATES,  IN  1911.  AS  COMPARED 


WITH  1910,  IN  BARRELS 


State 
lifornia 
lorado 

liana. . 

ntucky 

chigan 

w  York 

lahoma 

ansylvania 

ih.'.'.'.'.\\'.'... '..'.'.'.'.'.'..'... 

coming 

:st  Virginia 

Total 


Production 
1910                      1911 

Increase 

73.010,560 

239.794 

33.143,362 

2,1.59,725 

1,128,668 

468,774 

6,841,395 

81.134,391 

226.926 

31.317,038 

1.695,289 

1,278,819 

472,458 

10,720,420 

8,123,831 

150,151 

3,684 

3,879,025 

}         3,615 

7,995 

4,380 

1,053.838 
9,916,370 
52,028,718 
8,794,662 
8,899,266 

952.515 
8,817,112 
36,069,637 
8,248.158 
9,526,474 

4,040,919 
■  627,208 

}      115,430 

186,695 

71.265 

11,753,071 

9,795,464 
220,449.391 

209,557,248 

10,892,143 

12.868 

1,826,324 

464,436 


7.05 
61.74 


5.37 
5.51 
21.50 
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TABLE  4.     NUMBER  OF  WELLS  AND  DAILY  PRODUCTION 


Field 

Appalachian 

Pennsylvania  and  New  York; . . 
Central  and  southeastern  Ohio. 

West  Virginia 

Kentucky 


Oil 
2978 
1491 
765 
622 
100 


Wells  Completed 

Gas  Dry 

976  1(160 

219  297 

403  r>12 

351  218 

3  33 


Initial  Daily  . 

Total 

Total 

Average 

per 

Well 

5,014 

28,100 

9 

44 

2,007 

4,912 

3. 

2H 

1,680 

10,923 

14, 

2H 

1,191 

10,443 

16. 

79 

136 

1,822 

18. 

22 

la-Indiana.  .  - 
Lima,  Ohio. 
Indiana.  .  .  . 


Lii 


Mid-Continent 

Kansas 

Oklahoma 

Northern  Texas 
Caddoa 


3796 

172 

3294 


490 
ISO 
304 


Gulf. 


California 

Colorado 

Wyoming  and  Utah . 


7,477 
6,381 
1,096 


13.50 
13.29 
14.81 


66,851 


63  01 


4,972 

418 

4,087 


614 
502 
112 


453,907 

3,271 

262,333 

19.180 

169,123 

106,885 
32,740 
74,145 


119.58 
19.01 
79.64 
228.33 
687.49 

257.55 

93.01 

1,176.90 


Total 9818  li 

a  Includes  Marion  County,  Tex. 

and  thus  a  supply  of  oil  will  be  made  available  for  replac- 
ing coal  to  a  considerable  extent  along  the  Atlantic  sea- 
board, and  in  some  of  the  Eastern  states. 

Out  of  the  total  production  of  petroleum  in  the  UnitecT 
States  for  1913,  about  75,000,000  bbl.  was  used  for  fuel. 
Of  this  amount,  probably  two-thirds  used  was  the  crude 
oil,  while  the  remaining  was  in  the  form  of  residues  after 
the  light  distillates  were  taken  off.  The  residues  from 
the  petroleum  found  in  the  Ea.stern  fields  is  not  used  as 


fuel,  it  being  valuable  for  manul'acture   into  lubricants, 
paraffin  wa.x,  etc. 

Although  this  amount  is  only  a  little  over  one-third  ol 
the  total  production  in  the  United  States,  it  must  be  re- 
membered that  a  considerable  portion  of  the  amount  pro- 
duced went  into  stocks.  In  California  alone  the  stocks 
amount  to  approximately  4.5,000,000  bbl.  From  this  it  is 
evident  that  a  considerable  portion  of  the  oil  produced 
was  used  as  fuel. 


Some  Troubles  of  High-Speed  Belt  Drives 


By  Jaiies  a.  Skaoer 


SYNOPSIS — By  carrying  a  motor  on  a  spring  support 
above  the  floor  the  jerky  action  of  a  high-speed  drive  is 
clirainated.  A  simple  arrangement  of  two  idler  pulleys 
on  an  adjustable  linlc-frame  support  enables  the  belt  to 
nialie  iiie  required  arc.  of  contact  even  at  very  high  speeds. 


A  motor  can  often  l)e  applied  in  a  position  where  a 
])iece  of  line  shafting  cannot  l)e  conveniently  located,  but 
llicre  are  times  when  a  motor-drive  installation  plan  re- 
quires considerable  thought  to  get  best  results.  It  may, 
therefore,  be  interesting  to  refer  to  one  such  instance  in 
connection  with  the  motor-drive  scheme  in  a  cabinet 
maker's  shop  and  sawmiill. 

The  excellent  plan  of  placing  the  machinery  itself 
on  a  false  floor  elevated  .some  -1  or  5  ft.  above  the  ground 
fioo'-  of  the  building  was  adopted,  so  as  to  place  the  elec- 
tric motors  underneath  the  working  floor  of  the  factory 
and  also  to  provide  accommodation  for  a  system  of  shav- 
ing and  dust  removal.  The  advantage  of  this  .system  of 
installation  is  obvious,  as  both  head  room  and  floor  room 
are  saved  by  putting  the  motors  below  the  machines  and 
]i:iving  nothing  but  a  short  length  of  belt  coming  into  the 
'vorking  room. 

In  connection  with  one  of  the  machines,  however,  a 
birse  four-cutter  molding  machine,  some  difficulty  was  ex- 
perienced in  getting  satisfactory  operation,  owing  to  the 
arrangement  shown  in  Fig.  1  being  adopted.  Owing  to 
the  short  length  of  the  belt,  the  high  speed  at  which  it 
traveled  and  its  vertical  position  it  was  extremely  diffi- 


cult to  keep  it  from  slipping  as  it  stretched.  Much  trouble, 
therefore,  was  occasioned  by  taking  up  the  belt  from  time 
to  tr>ie  and  finally  the  arrangement  shown  in  Fig.  3  was 
devi.'-cd. 

The  ends  of  two  pieces  of  bar  iron  A  of  flat  section 
were  heated  and  while  red  hot,  bent  over  a  round  bar  so 
as  to  form  aa  eye  B.  The  bars  were  then  bent  into  the 
position  shown  and  a  1-in.  hole  drilled  at  C.  The  two 
bars  pivoted  at  B  were  then  placed  under  the  base  plale 
of  the  motor  so  as  to  lie  centrally  with  the  bolt  holes  in 
tne  base  and  corresponding  holes  were  drilled  in  the  bars, 
ilii  base  being  then  bolted  up  to  the  bars  so  as  to  tightly 
secure  them. 

Four  angle  pieces  D  to  support  the  bars  were  fixed  to 
the  floor.  A  bar  was  also  passed  through  the  angle  irons 
at  the  right,  and  upon  this  bar  were  placed  two  threaded 
boHs,  each  %  ''^-  '"  diameter  and  having  at  the  lower 
end  am  eye  which  slipped  over  the  bar  just  men- 
lioned.  These  bolts  were  fitted  with  nuts  and  washers  and 
a  spiral  spring  capable  of  resisting  strong  compression. 

The  motor  was  thus  hung  on  two  spiral  springs,  the 
weight  of  the  motor  being  balanced  by  the  compression  on 
the  springs.  By  tightening  or  slackening  the  lower  nuts 
the  springs  could  be  compressed  or  extended  so  as  to  give 
the  weight  of  the  motor  more  effect  and  thus  raise  or 
lower  it  in  position.  After  the  lielt  was  put  on,  the  lower 
iiolts  were  slackened  until  a  sufficient  tension  was  given 
to  the  belt.  The  ela.stic  nature  of  the  suspension  frame 
provided  against  the  sudden  jerks  which  inevitably  occur 
in  a  molding  machine  when  the  work  is  put  into  the  cut- 
ters,  and  for  this  reason  the  arrangement  may  be  recom- 
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nmncled  to  any  factory  engineer  who  finds  trouble  owing 
to  short,  jerky  drives. 

Diiiiculty  has  often  been  experienced  in  arranging  and 
running  and  electric  motor  drive  for  liigh-speed  wood- 
working tools,  owing  to  both  the  motor  and  the  machine 
spindles  running  at  high  speed.  With  .<mall  pulleys  there 
is  usually  much  slipping  when  running  at  high  speeds. 
Sometimes,  after  the  proper  size  of  pulley  and  the  proper 
width  of  belt  has  been  used  to  transmit  a  given  power, 
the  belt,  for  some  reason,  slips  badly,  and  the  power  can- 
not be  obtained.  The  reason  for  this  is  twofold.  In  the 
first  place,  with  high  belt  velocities  there  is  a  tendency 
for  the  belt  to  carry  with  it  on  its  under  surface,  between 
the  belt  and  the  pulley,  a  thin  layer  of  air  which  de- 


Fig.  1.    MoTOK  Diiivio  Fitoii  bklow  FLOon 

stroys  the  adhesion  and  hence  prevents  the  transmission 
of  power.  So  serious  is  this  evil  that  in  many  cases  it 
has  become  advisable  to  drill  holes  in  the  faces  of  the 
pulleys  fairly  close  together  to  provide  air  vents  so  that 
air  carried  under  by  the  belt  can  be  squeezed  out.  This 
expedient  will  often  increase  the  power  transmitted  at 
high  speeds. 

There  is  another  trouble  with  high-speed  transmissions, 
however,  that  cannot  be  so  easily  overcome.  This  is 
owing  to  the  centrifugal  force  of  the  belt  which  exerts  a 
stretching  action  and  tends  to  make  it  run  in  a  straight 
line  instead  of  around  the  pulley.  This  action,  exag- 
gerated, is  shown  in  Fig.  3.  The  result  of  this  is  that 
while  the  belt  is  at  rest  there  is  sufficient  arc  of  contact 


on  the  pulley  surface,  but  when  the  lielt  is  in  action  ibis 
arc  tends  to  diminish,  until  at  very  high  speeds  it  de- 
creases so  much  that  there  is  loss  of  power. 

A  good  arrangement  to  overcome  this  difficulty  is  shown 
in  Fig.  4.  Just  above  the  lower  pulley  and  on  each  side 
of  it  sre  two  idler  pulleys  on  pivoted  arms  held  by  a  frame 
or  supported  on  the  floor  so  that  the  arms  are  parallel  to 
one  another.  The  two  free  ends  of  the  pivoted  arms  .1 
are  held  together  by  two  eye-bolts  B  with  right  and  lel't 
threads  respectively,  the  eyes  being  slipped  over  projec- 
tions on  the  pivoted  rods.  The  screwed  ends  of  these  eye- 
boltc  are  connected  by  a  right-  and  left-handed  muff 
coupling,  so  that  by  turning  the  coupling  the  idler  pul- 
leys may  be  drawn  in  toward  each  other  or  allowed  to 
move  outwards. 

When  the  belt  is  in  position  it  bears  on  both  pulleys 
and  will  move  them,  owing  to  the  flexible  nature  of  the 
arrangement,  so  that  the  bearing  pressure  of  each  pul- 
ley on  the  belt  is  equal  to  that  on  the  other  and  this  con- 
difion  will  maintain  itself  whether  the  belt  is  running 
or  at  a  standstill;  i.e.,  the  belt  will  be  controlled  by 
(he  position  of  the  idler  pulleys.  The  bending  tendency 
due  to  centrifugal  force,  shown  in  Fig.  3,  only  occurs 


FIG. 3 


Fig.  2.    Speixg  Suppoist  foi;  Motou 

Fig.  3.   Kow  Belts  Tknd  to  Act  at  High  Speeds 

Fig.  1.   Pivoted,  AD-irsTABu-;  Idlek 

when  tiie  belt  has  left  the  surface  of  the  idler  pulleys. 
Tliis  arrangement  will  give  a  very  powerful  grip,  and  it 
has  been  found  that  by  the  addition  of  this  simple  de- 
vice, the  i^ower  transmitted  by  a  given  arrangement  of 
belts  and  pulleys  can  often  be  largely  augmented. 


Isolated  Plant  Lights  Owenton,  Ky. — The  city  of  Owen- 
ton,  Ky.,  which  was  dependent  upon  the  moon  for  its  Ught- 
ing:,  has  granted  a  twenty-year  franchise  and  a  five-year 
contract  to  W.  E.  Arnold,  of  that  city.  Mr.  Arnold,  says 
"The  Isolated  Plant,J'  owns  and  operates  a  large  flour  mill  in 
Owenton,  and  his  power  plant  is  sufficiently  large  to  easily 
carrv   this   extra   load. 
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Induction  Regulators 

By  John  A.  Eandolph 

This  class  of  apparatus  is  used  only  on  alternating- 
current  circuits,  its  function  being  to  maintain  a  constant 
voltage  ou  feeders  and  rotary  converters.  There  are  two 
general  types,  the  single-phase  and  the  polyphase.  In 
both  there  is  a  primary  and  a  secondary  winding,  one  of 
which  is  placed  upon  a  movable  iron  core,  while  the  other 
is  wound  upon  a  stationary  core.  Either  winding  may  be 
made  the  movable  element,  but  the  general  practice  is  to 
place  the  primary  in  this  position.  The  primary  wind- 
ings of  both  the  single-phase  and  the  ]X)lyphase  types  are 
shunted    directly    across    the    alternating-current    supply 


The  Single-Phase  Eegulatoe 

This  type  is  generally  constructed  as  shown  in  Fig.  1. 
The  primary  winding  is  mounted  on  the  movable  core 
and  is  connected  as  a  shunt  circuit  directly  across  the; 
feeder  mains.  The  secondary  is  placed  in  slots  on  the 
inside  face  of  the  stator  or  stationary  core  and  is  con- 
nected directly  in  series  with  the  load.  Each  winding  is 
so  arranged  that  when  in  operation  it  produces  an  al- 
ternating magnetic  flu.x  with  two  opposite  poles.  The 
various  positions  of  the  poles  of  the  movable  primary 
winding,  with  respect  to  those  of  the  stationary  second- 
ary, determine  the  action  of  the  regulator.  When  the 
magnetic  axes  of  the  two  windings  coincide,  the  primary 
is  at  either  a  maximum  boost  or  a  maximum  lower  posi- 


Pnmary  Flux 
Flux  generated 
by  Short-drcuiHng 
Coils 


P 

Fig.  1.  Pig.  2.  Fig.  3. 

Induction  Eegulator  Eepresented  Diagrammatically  ix  Different  Positions 


mains  while  the  secondaries  are  connected  in  series  with 
the  respective  lines  or  legs  of  the  system. 

The  action  of  both  types  of  regulators  depends  upon 
the  electromotive  force  induced  in  the  secondary  winding 
by  the  current  in  the  primary,  this  e.m.f.  being  a  variable 
quantity  dependent  upon  the  position  of  the  primary  rela- 
tive to  the  secondary.  In  certain  positions  of  the  primary 
the  e.m.f.  induced  in  the  secondary  will  be  of  such  a  di- 
rection and  phase  relation  as  to  boost  or  add  itself  to  the 
generator  pressure  while,  in  other  positions,  the  induced 
])ressure  will  oppo.se  or  lower  the  line  potential.  This 
feature  comprises  the  basis  for  the  use  of  the  regulator 
inasmuch  as,  during  periods  of  heavy  loads  and  conse- 
(]uent  loss  of  pressure  through  line  drop,  the 
voltage  at  the  center  of  distribution  may  be 
maintained  constant  by  raising  the  voltage  at  the 
station,  either  ou  individual  feeders  or  on  the  station 
buisbars,  the  latter  being  accomplished  by  raising  the  po- 
tential on  rotary  converters.  The  feeder-induction  regu- 
lator is  used  only  on  alternating-current  feeders,  while 
that  used  with  converters  is  for  the  purpose  of  raising 
the  voltage  on  the  busbars  to  which  direct-current  feed- 
ers are  attached. 


tion,  depending  upon  whether  similar  or  dissimilar  poles 
are  opposite  each  other  in  position.  These  conditions  can 
be  analyzed  by  reference  to  Fig.  2.  Let  PP  represent  the 
magnetic  axis  of  the  primary  and  SS  that  of  the  second- 
ary. In  the  condition  shown,  the  twoaxes  coincide.  It  there- 
fore is  apparent  that  the  primary  field  may  be  made  to 
either  coincide  in  direction  with  that  of  the  secondary  or 
to  directly  oppose  it  by  revolving  the  primary  coil  through 
an  arc  of  180  deg.  When  axis  PP  of  the  primary  coil  is 
revolved  to  a  position  at  right  angles  to  the  axis  SS,  or 
midway  between  the  maximum  boost  and  the  maximum 
lower  positions,  as  .shown  in  Pig.  3,  the  primary  field  will 
exert  no  inductive  effect  whatever  on  the  secondary  wind- 
ing. This  point  is  therefore  known  as  the  zero  or  "no- 
boo.st  no-lower"  position.  The  change  in  the  effect  of  the 
primary  on  the  secondary  takes  place  gradually  as  the 
primary  is  rotated  through  the  180  deg.  between  the 
maximum  boost  and  the  maximum  lower  positions. 

The  short-circuiting  coil,  shown  in  Figs.  1,  3  and  3,  is 
for  the  purpose  of  neutralizing  the  self-inductive  effect 
of  the  secondary  coil  when  the  primary  is  at  intermedi- 
ate positions  between  itr;  extremes  and  especially  when 
it  occupies  the  zero  position.     Let  the  conditions  be  con- 
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-!-d  w'licii  tlie  primary  is  al  the  zero  poiut,  as  shown 

ill  Fig.  3.  At  this  point  the  primary  has  no  effect  on  the 
secondary.  The  magnetic  field  of  the  secondary  is  there- 
fore liee  to  pass  unrestrained  through  the  primary  core. 
If  lliere  were  no  field  to  oppose  this  action  of  the  second- 
ary flux,  a  heavy  electromotive  force  of  self-induction 
would  result  which  would  greatly  reduce  the  active  eiTect 
of  the  line  potential.  The  short-circuiting  coils  are  for 
the  purpose  of  establishing  a  field  which  will  neutralize 
the  self-inductive  tendency  of  the  secondary.  They  con- 
sist of  closed  coils  of  wire  placed  at  right  angles  to  the 
primary  coil.  By  virtue  of  their  position  they  are  in- 
active when  the  primary  is  at  its  extreme  points,  owing 


secondary  of  a  transformer.  The  sum  of  the  ampere- 
turns  of  the  primary  and  of  the  short-circuiting  coils 
should  he  approximately  equal  to  the  ampere-turns  of 
the  see^ondary. 

The  movement  of  the  primary  winding  is  accomplished 
directly  by  hand  through  the  agency  of  a  crank  or  chain 
and  sprocket :  or  it  may  be  effected  by  a  small  motor  con- 
trolled either  at  the  regulator  or  at  some  point  remote 
from  it. 

Thk  Polyphase  RKfU'LATOii 

The  polyphase  regulator,  like  the  single-phase  type, 
has  two  windings,  namely,  a  primary  and  secondary  one, 


Primary 

Secondary 


^S!x-Phaie     't^- 
'~l      Rofa'ry        g', 
yionverter       ^l 


^iG.  4.    Induction  KiiGULAxoit  Connectkd  to  Three- 
Phasi!;  Rotahy  Coxvehteb 

0  the  fact  that  their  magnetic  axis  is  perpendicular  to 
he  magnetic  axes  of  the  two  main  windings.  However, 
s  the  primary  is  moved,  the  short-circuiting  coils  are 
Tought  gradually  into  positions  where  their  conductors 
ut  the  secondary  flux,  a  current  being  thereby  induced 
II  the  short-circuiting, coils.  This  current  is  at  a  maxi- 
lum  in  the  zero  position  of  the  primary  and,  being  in- 
uced  by  the  secondary  field,  the  magnetic  flux  of  the 
hort-eircuiting  coils  opposes  that  of  the  secondary  and 
lierefore  neutralizes  the  self-inductive  action  of  t^ie  lat- 
3r. 

The  magnetic  field  of  these  coils  in  their  position 
f  greatest  activity  is  shown  in  Fig.  3.  Their  general  ef- 
3ct  is  the  same  as  tliat  produced  by  short-circuiting  the 


Fig.  5.   Induction  Eegul.4.toe  Connected  to  Six- 
Phase  EOTAET  CoNVEKTEI! 

of  which,  generally  the  iirinuiry  is  mounted  upon  a 
movable  core.  The  polyphase  type,  however,  differs  from 
the  single-phase  regulator  in  several  important  character- 
istics. One  of  these  consists  in  the  nature  of  its  magnetic 
field  which  is  rotating  instead  of  alternating  as  in  the 
single-pliase  type.  Moreover,  both  its  primary  and  sec- 
ondary windings  are  composed  of  a  number  of 
independent  windings  corresponding"  to  the  number 
of  phases  in  the  supply  circuit.  To  produce  the  rotating 
field  the  polyphase  regulator  is  wound  similarly  to  a 
polyphase  induction  motor.  The  speed  of  field  rotation 
per  pole  for  both  primary  and  secondary  windings  is  the 
same  as  that  of  the  generator. 

The  regulation  of  the  line  voltage  is  accomplished  by 


December  30,   1013 


POWER 


921 


\;iiyiiig  the  phase  augk'  butwcfii  the  prunary  and  sue'- 
oiuhiry  voltages  by  turning  the  movable  winding  through 
various  angles.  When  a  given  pole  of  the  primary  is  di- 
reetly  opposite  a  similar  pole  of  the  secondary,  the  volt- 
age of  the  primary  is  opposite  in  pha.se  to  that  of  the 
secondary  with  the  result  that  the  voltage  induced  in  tlu' 
secondary  is  subtracted  from  the  line  voltage.  As  the 
movable  coil  is  rotated  away  from  the  maximum  lower 
position,  the  resultant  of  the  line  voltage  and  the  in- 
duced secondary  pressure  gradually  increases  until,  when 
the  primary  winding  is  at  a  position  of  90  deg.  electrical- 
ly to  the  secondary,  the  resultant  becomes  equal  to  the 
lijic  voltage.  This  is  due  to  the  fact  that  the  primary  has 
no  etl'ect  on  the  secondary  at  this  point.  As  the  movable 
element,  however,  is  rotated  beyond  the  90-deg.  position, 
the  resultant  of  the  line  voltage  and  induced  pressure 
becomes  gradually  greater  than  the  line  voltage  until, 
at  the  180-deg.  point  where  the  primary  pole  is  directly 
opposite  a  dissimilar  pole  of  the  secondary,  the  condi- 
tion of  maximum  boost  is  reached.  This  occurs  because 
the  resultant  of  the  line  and  induced  secondary  voltages 
now  become  the  sum  of  the  two. 

The  diagram  of  connections  for  a  polyphase  regulator 
when  connected  to  a  rotary  converter  on  a  three-phase 
system  is  shown  in  Fig.  4.  The  connections  shown  are 
made  according  to  the  delta  method.  It  will  be  found, 
upon  tracing  out  the  diagram,  that  each  phase  of  the 
primary  is  shunted  across  one  of  the  three  line  phases 
while  the  corresponding  phase  of  the  secondary  is  in  series 
with  one  of  the  legs  of  the  same  line  phase. 

The  diagram  of  connections  for  the  series  or  secondary 
winding  of  a  six-phase  regulator  is  shown  in  Fig.  5.  The 
secondary  winding  is  placed  upon  the  stationary  core  or 
stator.  The  shunt  winding  carried  on  the  movable  core 
is  not  shown  in  the  figure.  This  type  of  regulator  is 
used  in  connection  with  six-phase  rotary  converters  em- 
ployed on  lighting  systems.  The  six-phase  cqn verier  has 
a  greater  capacity  than  a  machine  of  the  same  dimen- 
sions wound  for  only  three  phases.  The  three-phase  trans- 
mission, however,  is  more  economical  than  the  six-phase. 
In  practice,  therefore,  the  current  is  brought  to  the  con- 
verter station  over  a  three-phase  line  and  is  there  changed 
to  a  six-phase  system  by  one  polyphase  tran.sformer  or 
by  three  transformers,  each  of  which  has  two  secondary 
windings. 

When  three  transformers  are  used,  the  regulator  is 
placed  between  the  transformers  and  the  rotary  as  shown. 
The  main  leads  from  the  transformers  pass  through  the 
respective  regulator  secondary  windings  to  the  slip-rings 
of  the  converter. 

("oNTIiOL 

The  control  of  regulators  is  effected  by  hand  or  by 
motor.  The  latter  method,  however,  is  generally  used, 
the  motor  being  mounted  at  the  top  of  the  case  and  con- 
nected by  a  worm  gear  directly  to  the  shaft  which  car- 
ries the  movable  element.  A  handwheel  is  also  general- 
ly provided  for'  shifting  the  movable  element  in  case  the 
motor  is  out  of  service.  The  motor  may  be  controlled 
automatically  either  by  a  relay  used  in  conjunction  with 
a  contact-making  voltmeter  or  by  a  compensator.  The 
automatic  method,  however,  finds  its  chief  application  on 
feeder  regulators.  On  those  used  with  rotary  converters, 
the  most  satisfactory  method  has  been  found  to  be  that 
in  which  the  motor  is  controlled  from  the  main  switch- 


Ijoard.  This  enaliles  the  operator  to  vary  the  voltage  of 
the  converter  at  will  and  thus  to  more  easily  adjust  the 
voltage  of  the  convertei'  to  parallel  operation  with  other 
machines  connected  to  the  same  busbars. 

The  range  of  voltage  variation  on  induction  regulator.s 
is  generally  about  10  per  cent,  for,  boosting  and  10  per 
cent,  for  lowering,  making  a  total  of  20  per  cent.  To 
secure  positive  adjustment,  the  motor  should  respond 
quickly  to  the  control  of  the  operator.  It  should  develop 
maximum  torque  in  minimum  time  and  should  stop 
quickly  as  soon  as  the  control  current  is  shut  off.  To  ac- 
complish a  (|ui(k  stop  a  magnetic  brake  should  be  used 
on  the  motor. 

Cooling 

iniismiicli  as  the  regulator  coils  are  inclosed,  some 
means  of  cooling  must  be  provided,  as  in  the  case  of  a 
transformer,  to  prevent  excessive  heating.  This  is  ac- 
complished in  one  of  three  ways,  namely:  by  oil  immer- 
sion, by  water  pipes  in  conjunction  with  oil  immersion 
and  by  air  blast.  In  the  smaller  sizes  the  coils  are  gen- 
erally cooled  by  oil  immersion.  The  oil  is  contained  in 
a  steel  tank  whose  sides  are  corrugated  to  present  as 
great  a  cooling  surface  to  the  oil  as  is  consistent  with 
practical  construction.  In  the  larger  sizes,  either  the 
water  coils  or  an  air  blast  is  used.  With  the  latter  method 
no  oil  is  necessary.  Air  cooling  is  generally  used  with 
regulators  connected  to  rotary  converters.  In  this  case, 
the  regulator  is  mounted  beside  the  transformers  and 
receives  air  under  ])ressure  from  the  same  air  duct  that 
supplies  the  transformers. 

l->Fi'i(ii:xi'i' 

The  elliciency  of  regulators  is  fairly  high,  owing  to  the 
small  loss  of  power  in  the  regulator  itself.  The  full  load 
efficiency  will  generally  reach  about  9.5.5  per  cent.  For  a 
quarter  load  it  will  be  about  91. ."i  per  cent.  The  power 
factor  for  the  various  loads  \aries  but  slightly  and  will 
generally  assume  a  value  of  about  91  per  cent,  under  or- 
dinary conditions. 


A  Visible  Se«.le  for  Torsion  Power  Meters  as  used  on  pro- 
peUer  shafts  of  steamships  is  described  by  Dr.  K.  Su.vehiro, 
of  the  Tok.vo  Imperial  University  in  a  recent  paper  before 
the  Japanese  Society  of  Naval  Architects,  abstracted  in  "En- 
gineering." In  such  a  torsion  meter,  the  turning  moment  is 
measured  b.v  measuring  the  twist  of  a  certain  length  of  the 
shaft.  A  sleeve  attached  to  the  shaft  at  the  one  measuring 
point  bears  a  radial  arm  or  a  disk,  at  whose  outer  edge  is  a 
circumferential  scale  facing  inward,  a  mark  opposite  the 
zero  point.  Halfway  between  this  scale  and  the  center  of  the 
shaft  is  attached  a  mirror,  facing  outward,  so  as  to  reflect  an 
image  of  the  scale  in  a  nearly  radial  direction  outward.  Just 
beside  it  is  another  mirror,  attached  to  the  sleeve  projecting 
from  the  other  measuring-  point  of"  the  shaft.  These  two 
mirrors  reflect  images  of  the  scale  and  of  the  zero-point 
mark  outward;  the  geometrical  relations  of  scale  and  mirrors 
are  such  that  the  images  of  the  scaie  seen  in  a  viewing  tele- 
scope appear  to  be  stationary  at  the  center  of  the  shaft. 
While  the  image  is  visible  for  only  a  short  part  of  the 
revolution  of  the  shaft,  there  will  be  a  sufficiently  rapid  suc- 
cession   of   im.ages   to   enable   the   scale    to    be   read. 


.Vrgentlne  i:ie<-trle  Plants — The  Santa  Fe  Electric  Tram- 
way Co.  is  said  to  be  interested  in  extending  its  lines  12  miles 
to    the    city    of    Esperanza.      A   concession    will    be    applied    for. 

The  tramway  company  in  Cordoba  which  runs  a  line  to  San 
Vicente  has  applied  for  permission  to  extend  itg  present  horse 
lines,   and  agrees  to  electrify   part   of  its  system. 

The  government  of  the  Province  of  San  Luis  has  forwarded 
a  project  to  the  legislature  for  working  an  electric  tramway, 
and  electric-light  and  power  in  the  town  of  Villa  Mercedes. 
It  is  expected  that  the  project  will  be  approved  at  an  early 
date. 
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Utilizing  Waste  Heat  of  a  Small 
Gas  Engine 

n  most  small  gas-engine  installations  no  attempt  is 
ie  to  recover  the  heat  carried  off  by  the  exhaust  and 
ket  water.    As  this  available  heat  amounts  to  about  68 

cent,  of  the  total  heat  supplied  to  the  engine,  using 
!  heat  wherever  possible  will  effect  a  great  saving. 
Che  factory  of  the  Sanitary  Water  Still  Co.,  Jamaica, 
[.,  furnishes  a  good  illustration  of  this  statement.  Both 
aust  and  jacket  water  are  used  for  heating  with  a  re- 
tant  saving  of  about  $300  a  yeju-.  The  illustrations 
resent  the  old  and  usual  layout  and  the  change  that 
cted  the  saving.  This  plant  has  been  in  operation  for 
ut  six  months,  and  gives  entire  satisfaction.  The  eu- 
e  is  a  horizontal  6^xl2-m.,  running  at  300  r.p.m.,  op- 
tes  on  illuminating  gas  and  is  rated  at  8  hp.  It  is 
ted  to  the  shop  shafting  and  has  averaged  48  hr.  per 
"k  for  the  past  three  years. 

Ti":  1  shows  the  original  installation.  The  gas  was  fed 
the  engine  through  the  usual  gas  bag,  and  the  muffler 
?  of  the  baffle-plate  type,  fastened  to  the  end  of  the 
laust  pipe.  A  2-ix82-in.  cooling  tank,  holding  about 
)  gal.  was  set  at  the  engine  level  and  piped  on  the 
rmo-siphon  principle.     Due  to  the  low  head,  however, 

circulation  was  very  sluggish, 
rhe  first  step  to  improve  the  old  installation  was  to 
pense  with  the  gas  bag  with  its  leaks  and  yearly  re- 
ral.    An  old  hot-water  tank  about  ten  times  the  work- 
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;  volume  of  the  engine  cylinder,  was  put  in  the  gas 
e,  as  shown  in  Fig.  2.  The  gas -is  discharged  near  the 
torn  and  the  engine  draws  its  supply  from  the  top. 
th  this  arrangement  no  pulsation  of  the  gas  supply  is 
:iceable  and  leaks  and  consequent  expenses  are  elimi- 
:ed. 

rhe  engine  exhaust  is  piped  to  the  drying  closet  on  the 
oud  floor,  which  contains  two  racks,  each  made  tip  of 
1-in.  pipes  42  in.  long.  The  exhaust  passes  simul- 
leously  through  both  racks  on  its  way  to  the  muffler, 
e  tem])erature  of  the  lower  rack  averages  140  deg.  F., 


and  tlie  up])er  120  deg.  which  keeps  the  temperature  of 
the  drying  closet  at  about  100  deg. 

A  20-gal.  hot-water  tank  serves  as  the  muffler.  The 
open  drain,  which  takes  care  of  the  condensation  in  the 
exhaust  gas,  is  placed  high  enough  to  maintain  about 
iy2  in.  of  water  in  the  muffler.     This  assists  in  muffling 
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Fig.  2.  Exgixe  axd  Taxks  for  Utilizixg   Exhacst 
Heat 

the  noise  of  the  exhaust.  The  discharge  pipe  from  the 
drying  racks  is  carried  up  in  the  muffler,  to  prevent  the 
water  from  flowing  back  to  the  engine.  The  pipe  is  capped 
and  partly  cut  away,  as  shown,  which  directs  the  exhaust 
against  the  side  of  the  muffler  and  breaks  up  the  issuing 
gas,  the  temix^rature  of  which  drops  to  about  70  deg. 

As  all  the  useful  heat  of  the  exhaust  is  given  off  in 
the  drying  closet,  there  remains  only  the  velocity  of  the 
escaping  gas  that  can  be  converted  into  work.  This  is 
done  by  means  of  the  exhauster  shown  in  detail  in  Fig.  3. 
This  acts  as  an  ejector  and  being  placed  directly  over  the 
buffing  lathes,  draws  out  all  dust  and  dirt  that  escapes  the 
exhaust  blower.  The  exhatister  consists  of  a  piece  of  21/2- 
in.  pipe  passing  through  the  roof,  which  carries  a  cone 
made  of  sheet  iron  at  the  end  inside  of  the  building.  The 
exhaust  discharges  into  this  pipe  through  the  ejector  noz- 
zle at  the  end  of  the  exhaust  pipe,  carrying  along  the 
dust  drawn  in  through  the  annular  opening  between  the 
nozzle  and  the  pipe.  To  get  a  steady  flow  of  gas  the 
pipe  from  the  muffler  is  reduced  from  2  to  1^/4  in.,  as 
only  practically  cold  gas  passes  through  this  pipe.  The 
reduction  does  not  help  much,  however;  the  discharge 
beinff  intermittent. 
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Tlic  jacket  water  is  used  to  lieat  iiotash  in  a  24x18x30- 
iii.  tank  and  water  in  a  18xl8x30-in.  tank.  These  tanks 
are  not  always  in  use  and  provision  had  to  he  made  to 
take  care  of  the  cooling  water  in  some  other  way.  Space 
being  limited,  a  19x50-in.  tank  was  luing  to  the  rafters 
and  piped  as  shown.  With  three-way  cock  (7  and  valve  A 
closed  and  valve  B  open,  the  heated  water  from  the  en- 
gine rises  and  is  discharged  into  the  top  of  the  tank. 
There  it  circulates  and  is  cooled  by  a  cmiiiter-current  of 
air  passing  over  the  surface  of  the  watei'.  This  current 
is  induced  by  a  2-in.  draft  pipe,  extending  6  ft.  over  the 
roof,  the  pipe  acting  as  a  chimney.  The  air  is  drawn 
rapidly  through  the  2-in.  hole  on  top  of  the  opposite  end 
of  the  tank,  removes  th(^  vapor  as  it  rises  and  carries  it 
along  through  the  draft  pipe  to  the  atmosphere.  The 
cooled  water  returns  to  the  bottom  of  the  cylinder,  per- 
forms its  work  and  rises  to  the  tank  again.  The  circula- 
tion is  rapid,  as  shown  by  the  temperature  of  the  w-ater, 
leaving  the  cylinder  at  ISO  deg.  and  returning  at  160 
cleg.  A  gage-glass  on  the  tank  indicates  the  water  level 
at  all  times. 

That  this  method  of  cooling  is  very  etfective  is  proved 
by  the  difference  in  tank  capacity  for  the  same  work.  This 
tank  holding  about  50  gal.  does  the  same  work  as  the  old 
tank  of  160  gal.  capacity.  The  manufacturer's  speci- 
fication calls  for  a  300-gal.  tank  for  this  engine. 

To  heat  the  water  and  potash,  valve  B  is  closed  and  A 
opened ;  cock  C  is  opened  to  the  coil.  Provision  has  been 
made  to  take  care  of  the  expansion  by  connecting  the  coil 
return  to  the  return  from  the  upper  tank  which  serves  thus 
as  an  expansion  tank  also.  The  potash  is  heated  to  about 
100  deg.  and  the  water  to  120  deg.,  while  the  jacket  water 
averages  140  deg.  and  the  return  120  deg.  F. 

All  combinations  needed  can  be  had  by  manipulating 
valves  .4  and  B  and  cock  C.  A  faucet  for  drawing  hot 
water  is  in  the  line  over  the  water  tank.  The  pipe  on  the 
left  of  the  cooling  tank  to  the  coil  is  used  to  relieve  the 
coils  of  air  when  filling  the  system,  as  the  filling  is  done 
through  the  tank  return ;  also  to  heat  the  potash  with 
water  from  the  cooling  tank. 

The  conditions  for  a  successful  installation  were  rather 
favorable  in  thi.s  shop,  but  the  novel  features  introduced 
and  the  manner  of  operating  changed  to  suit  local  condi- 
tions, could  be  used  with  profit  by  many  small  plant  own- 
ers. Before  the  change  was  made,  steam  heating  was  u,secl 
at  a  yearly  cost  of  $300.  Now,  the  heat  formerly  lost 
gives  the  same  results.  The  engine,  besides  driving  the 
machinery,  provides  the  shop  with  hot  potash,  hot  water, 
heat  for  drying  and  a  good  exhauster,  with  the  same  gas 
consumption.     The  cost  of  the  change  was  $87.40. 

Carburetor  Troubles  and  Symptoms 

By  a.  L.  BiiENNAN,  Jr. 

A  carburetor  is  a  device  for  mixing  the  fuel  and  air  in 
such  proportions  that  the  resulting  gas  will  ignite  and 
form  a  readily  combustible  mixture.  A  good  mixture 
consists  of  approximately  one  part  of  gasoline  to  16  parts 
of  air.  Of  course,  this  varies  to  a  certain  extent  with 
different  grades  of  gasoline  and  different  conditions. 

There  is  no  way  under  ordinary  conditions  to  measure 
the  gasoline  or  air  supply,  but  with  practice  the  operator 
should  have  little  difficulty  in  obtaining  a  good  mixture 
as  the  symptoms  which  point  to  a  lean  or  over-rich  mix- 
ture are  very  marked.     Unless  the  symptoms  of  faulty 


carburetion  are  evident,  it  is  well  to  look  over  the  igni- 
tion and  mechanical  points  before  changing  the  propor- 
tion of  the  mixture,  particularly  in  cases  where  the  motor 
has  been  operating  regularly. 

An  overlean  mixture  will  often  cause  backfiring  in  the 
intake  pipe  or  carburetor,  although  this  trouble  some- 
times results  from  a  leaky  intake  pipe  or  float  valve, 
clogging  of  the  float  valve  or  spray  nozzle,  a  defective 
float  or  loosened  adjustment  of  the  needle  or  air  valve. 
Much  irregular  firing  can  be  prevented  by  i)eriodically 
cleaning  the  drip  on  the  carburetor. 

An  over-rich  mixture  is  usually  indicated  by  dense 
black  smoke  and  sluggish  operation.  Also,  after-firing 
in  the  muffler  i-s  sometimes  due  to  an  o\'er-rich  mixture. 
Troubles  of  this  luiture  can  be  traced  to  a  clogged  air 
intake,  too  much  gasoline  through  the  needle  valve  or  an 
auxiliary  air  valve  that  is  stuck.  When  adjusting  a  car- 
buretor it  is  well  to  have  the  relief  cocks  in  the  cylinders 
open  and  observe  the  exhaust  flame  while  regulating  the 
needle  and  air  valves.  A  good  mixture  is  indicated  by  a 
dark-blue  flame  verging  on  violet,  which  should  be  ac- 
companied by  sharp  explosions. 

In  cold  weather  it  is  frequently  necessary  to  obtain  an 
excess  of  gasoline  in  the  carburetor  to  facilitate  starting. 
This  is  done  by  holding  down  the  "tickler"  and  thus  de- 
pressing the  float,  which  allows  an  excess  of  gasoline  to 
enter  the  float  chamber  and  consequently  a  rich  mixture 
wall  be  formed.  In  very  cold  weather  it  may  be  necessary 
to  prime  the  cylinders. 

A  good  mixture  is  always  indicated  by  a  wide  range  of 
ignition  speeds,  that  is,  with  a  perfectly  regulated  car- 
buretor, any  advance  in  the  spark  w-ill  produce  a  notice- 
able acceleration  in  the  speed,  while  if  the  mixture  is 
poor  the  spark  will  have  to  be  advanced  considerably  in 
order  to  accelerate  the  motor. 

The  exhaust  from  a  gas  engine  .should  be  invisible  and 
therefore  if  the  exhaust  is  smoking,  steps  should  be' taken 
to  bring  about  a  remedy.  As  already  stated,  black  smoke 
indicates  an  over-rich  or  defective  mixture,  while  white 
or  gray  smoke  indicates  an  excess  of  oil.  Hence,  before 
attempting  to  overcome  this  trouble  make  sure  where 
the  fault  lies  and  act  accordingly. 

The  auxiliary  air-inlet  valve  is  usually  a  ground  valve 
which  opens  inward,  being  held  in  place  by  a  spring  of 
suitable  tension.  The  strength  of  this  spring  is  carefully 
determined  and  is  generally  set  by  the  manufacturer  so 
that  with  the  proper  suction  of  the  motor,  as  in  the  event 
of  speeding  up,  the  valve  will  open  enough  to  allow  the 
required  quantity  of  air  to  enter  the  carburetor. 

Some  gas-engine  manufacturers  are  equipping  their 
motors  with  kerosene  carburetors.  Kerosene  and  heavy- 
oil  carburetors  differ  from  the  ordinary  variety  in  that 
provision  is  usually  made  for  heating  the  fuel  by  some 
artificial  means  so  that  the  oil  will  be  raised  to  a  tem- 
perature sufficient  to  insure  an  efficient  mixture.  In  some 
cases  this  change  reduces  the  heat  value  of  the  mixture, 
because  the  specific  gravity  of  the  charge  is  reduced,  and 
a  given  volume  contains  a  lesser  number  of  thermal  units 
than  when  it  is  at  the  temperature  of  the  atmosphere. 
However,  good  results  are  being  had  with  kerosene  car- 
buretors on  gasoline  engines,  although  .some  trouble  is 
generally  experienced  when  starting.  In  fact,  with  few 
exceptions,  engines  thus  equipped  are  first  started  on 
gasoline,  kerosene  being  fed  to  the  carburetor  after  the 
motor  has  become  heated. 
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friction  and  Inertia  of  the  Heating 
Art 

By  Jamks  G.  DroLET* 

The  high  standards  of  efticiency  being  attained  today 
nearly  all  fields  of  huuiau  elfort,  to  saj-  nothing  of  the 
hnical  fields  of  power  generation,  power  distribution, 
ctricity  and  refrigeration,  warrant  inquiry  as  to  the 
jse  of  the  apparent  indifference  to  progress  shown  by 
;  field  of  heating  and  ventilation. 
As  proof,  first  of  all,  that  such  a  negligent  attitude 
ists,  it  is  onh'  necessary  to  analyze  the  barrenness  of 
■hnical  advance  (in,  say,  the  last  25  years)  made  in 
paratus  and  the  installation  of  heating  and  ventilating 
lipment.  Such  an  investigation  must  show — in  com- 
rison  at  least  with  the  other  branches  of  engineering — 
it  the  gains  in  efficiency  and  economy  have  been  of 
fling  consequence. 

Specifications  for  heating  equipments,  disregarding 
nor  specialties  and  the  excluded  apparatus  required  for 
srer  generation,  conversion  and  transmission,  may  fair- 
be  reduced  to  the  basic  terms  of  heat  generator,  heat 
iveyor,  heat  dissi])ator,  air  exhaust  and  methods  of 
:tallatiou.  If  ventilation  be  included  there  will  be  in 
dition  air  induction,  air  treatment  and  air  removal. 
In  justice  to  the  subject,  it  must  be  admitted  that  in 
«  latter  department  of  ventilation  an  importaiit  step 

advance  has  been  made  within  the  last  two  decades, 
hough  even  its  wide  adoption  is  still  quite  remote, 
mely,  that  of  air  treatment  liy  humidifying,  dehumid- 
ing,  cleaning  and  cooling  with  water.  Aside  from  this 
igle  exception,  what  have  been  the  gains  in  efficiency 
rl  economy  in  the  warming  of  buildings  during  the  last 

vears?  For  answer  examine  the  market  and  the  ree- 
ls: (1 )  of  the  generators  of  heat,  (2)  of  the  conveyors 

heat,  (3)  of  the  dissipators  of  heat,  (4)  of  air  ex- 
ust  and  (o)  of  the  methods  of  installation  involved  in 
!  warming  of  the  multiform  sizes  and  types  of  build- 
;s,  whether  by  steam  under  low  pressure,  vacuum  or 
poT  or  by  water  circulated  I>y  pump  or  by  gravity. 

Genekatoks  of  He.\t 

In  tliose  designed  for  power  generation  with  heat  de- 
erc'd  at  reduced  pressure  or  as  a  byproduct,  it  is  safe  to 
■  that  the  gains  in  efiiciency  and  economy  whether 
ight  in  the  mechanical  structures  or  in  the  processes 
combustion  within  them  are  negligible  or  at  the  best 
uld  not  exceed  a  minute  percentage.  In  that  cla.ss 
lit  c-xdusivelv  for  low-pressure  heating  careful  investi- 
Hon  will  verify  the  astonishing  fact  that  excepting  one 
r  at  the  most  two  or  three)  all  are  actually  less  effi- 
nt  than  their  lineal  ancestors  of  25  years  ago. 
The  notable  exception  referred  to  originated  fully  20 
irs  ago,  and  its  sole  warrant  to  be  considered  an  excep- 
n  in  this  investigation  lies  in  its  increase  in  economy 

•Cnnsultine  engineer.  New  York  City. 
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owing  to  a  design  of  grate  which  }x>rniits  of  the  burning       « 
of  sizes  of  coal  smaller   (hence  cheaper)   than  domestic       * 


COXVEYOKS    OF    HeAT 

Neither  in  efficiency  nor  in  economy  have  there  been 
gains  in  the  means  employed  for  conveying  heat  from 
the  generators  to  the  dissipators  other  than  a  small  re- 
duction in  pipe  sizes  selected  by  the  majority  of  design- 
ers of  heating  systems.  Even  from  a  commercial  stand- 
point there  has  been  back-sliding  in  quality  of  product 
over  that  obtainable  more  than  25  years  ago,  purchase 
price  always  excepted. 

Heat  Dissipatoes 

This  term  has  been  employed  in  preference  to  the  con- 
ventional one  of  "radiator"  for  reasons  of  technical  ac- 
curacy. Here  we  find  but  a  single  step  in  advance,  whether 
measured  in  efficiency  or  physical  advantages,  the  latter 
applying  more  directly  to  recent  designs.  This  is  the 
substitution  of  sheet  metal  for  cast-iron  construction, 
dating  back  at  lea.st  a  decade  ago.  The  advantages  are 
a  saving  of  from  one-half  to  three-fifths  of  the  space  oc- 
cupied, of  two-thirds  of  the  weight  and  of  one-fourth  of 
the  cubic  contents.  Xecessarily  this  la.st  item  makes  for 
qtiicker  action  as  a  heat  dissipator  in  warming  up  and 
cooling  down,  although  it  is  unquestionable  that  the  net 
output  of  thermal  units  must  be  equal  for  dissipators  of 
equal  rated  capacity  under  constant  conditions  of  heat 
suii]ily. 

The  importance  of  the  above  advance  is  minimized 
when  it  is  learned  from  trade  records  for  1912  that  the 
total  output  of  the  .«heet-metal  dissipator  for  that  year 
does  not  equal  one-half  of  1  per  cent,  of  the  annual  out- 
]jut   of  the  conventional  cast-iron  type. 

Air  ExHvrsTiNG 

One  of  tlie  most  serious  of  the  elements  opposing  high 
efficiency  in  heating  systems  is  the  contained  air  which 
must  be  exhausted  from  the  .system.  TMiat  have  been 
the  gains  here  over  those  which  were  in  use  20  odd  years 
ago?  The  acid  test  of  c-old  mathematics  would  play  sorry 
havoc,  it  is  feared,  with  most  of  the  efficiency  and  econ- 
omy gains  claimed  by  the  multitude  of  advocates  of  vac- 
uum steam-heating  systems  now  appealing  for  supremacy, 
but  it  would  not  be  difBcult  to  secure  from  the  veterans 
of  two  decades  ago  data  of  .systems  then  existing,  which 
would  quite  confound  the  claims,  even  with  mathematical 
analysis  left  out  of  the  question.  Of  vapor  heating  little 
need  be  said  supplementing  the  above  broad  contentions 
nor  of  low-pressure  steam  with  gravity  returns.  When  we 
turn  to  the  gravitv'  system  of  heating  with  hot  water  as  the 
conveyor  medium,  not  a  .single  gain  in  efficiency  and  econ- 
omy in  the  methods  and  apparatus  for  exhausting  the 
contained  air  has  "seen  the  market"  superior  to  those 
which  were  known  and  in  use  by  the  old  timers. 
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Methoij  of  Ixstallatiox 

Under  this  head  may  be  gathered  all  the  accepted 
means  employed  by  the  designers  of  heating  systems  to 
accomplish  the  results  desired.  As  the  heating  art  has 
evolved,  the  best  practice  has  been  handed  on  and  down 
from  one  to  another — much  as  is  the  token  by  the  runners 
in  a  relay  race — without  challenge  of  the  basic  facts  and 
formulas  until  today  accumulated  experience  apparently 
governs  where  mathematical  certainty  should  blaze  the 
way. 

What  gains  in  efficiency  and  economy  have  been  won 
in  the  last  two  and  on.e-half  decades  by  "skill  and  ex- 
perience" in  the  warming  of  buildings?  Low-pressure 
steam,  vacuum  and  vapor  heating  have  been  weighed  in 
the  balance  and,  it  must  be  confessed,  have  been  found 
wanting  on  the  points  in  question.  So  called  gravity 
circulated  hot-water  heating  has  scored  apparent  gains 
in  the  last  decade  b}'  the  reduction  of  pipe  areas,  but  as 
a  matter  of  fact  piping  equally  small  was  employed  in 
installations  equally  large  (if  not  as  numerous)  more 
than  20  years  ago. 

Pump-circulated  hot-water  systems  operated  in  con- 
nection with  power  plants  have  been  installed  for  more 
than  20  odd  years  but  in  limited  numbers.  Inherent 
lack  of  efficiency  or  economy  has  proved  one  limiting 
cause  of  this  result  when  the  heat  generator  was  a  hot- 
water  boiler  or  a  high-pressure  steam  heater.  Another 
limiting  cause  of  this  lack  of  adoption  has  been  an  all 
too  exclusive  policy  of  exploitation  in  the  case  of  the 
highly  efficient  and  economical  patented  system  which 
employs  exhaust  steam  for  the  main  source  of  heat  supply. 

From  the  foregoing  analysis  it  is  evident  that  little,  if 
any,  real  gains  in  efficiency  and  economy  in  the  apparatus 
and  methods  of  warming  of  buildings  have  been  made 
in  the  last  quarter  of  a  century.  This  has  been  due  to  a 
great  extent  to  the  friction  of  vested  interests  and  the 
inertia  of  custom  and  prejudice. 

"TAcro"  Hot-Water  Heatixg 

Is  it  for  this  reason  that  "vacuo"  hot-water  heating, 
which  marks  an  epoch  in  the  warming  of  buildings  from 
plants  generating  their  own  power,  has  not  received  the 
attention  that  it  deserves?  The  lack  of  response  to  the 
mathematical  analysis  of  this  system  might  reasonably 
be  excused  in  other  days,  but  at  the  present  it  would  al- 
most give  warrant  to  a  charge  that  there  exists  a  "con- 
spiracy of  silence"  to  suppress  its  good  points.  However, 
let  it  be  charged  rather  to  friction  and  inertia. 

For  those  who  have  not  read  the  numerous  articles  in 
Potter  on  this  subject  the  following  resume  is  submitted : 
"Vacuo"  hot-water  heating  comprehends  that  branch  of 
pump-circulated  hot-water  heating  in  which  the  heat 
generator  comprises  primarily  a  special  type  of  water 
heater  whose  source  of  heat  is  the  steam  wasted  from 
prime  moveis,  engine  or  turbine,  preferably  the  latter, 
operated  condensing  as  the  result  of  the  cooling  action 
of  the  heat  dissipators  employed  for  warming  the  build- 
ing, supplemented  by  a  cooling  tower  and  condensing 
apparatus  of  sufficient  capacity  for  the  surplus  of  power 
over  heating  during  winter  and  for  all  the  power  in  the 
nonheating  season. 

The  essence  of  this  system  is  the  production  of  a  high 
vacuum  by  the  cooling  action  of  the  heating  system.  In 
practice  a  well  designed  installation  should  average  ap- 


proximately 20  in.  of  vacuum  during  the  heating  season, 
and  thereby  secure  the  additional  economy  to  be  obtained 
by  rujming  condensing  instead  of  noncondensing,  the 
latter  being  the  universal  method  which  obtains  in  such 
plants  not  equipped  with  the  "vacuo"  system.  The  vac- 
utun  thus  produced  is  tinder  simple  manual  or  automatic 
control  whereby  it  may  be  varied  at  will  throughout  the 
entire  scale  to  vary  correspondingly  the  heat  content  de- 
livered to  the  water  circulated  throughout  the  heating 
system.  There  is  thus  secured  a  sensitive  means  of  tem- 
perature regulation  without  the  employment  of  thermo- 
static control  and  pneumatic  valves  and  piping,  as  is  the 
case  with  steam  heating. 

"'A  acuo"  hot-water  heating  contrasted  with  vacuum 
steam  heating  permits  the  treatment  of  combined  heating 
and  power  installations  as  a  single  problem  instead  of  a 
dual  one,  and  secures  higher  efficiency  not  only  in  the 
generation  of  power  but  also  in  the  heating  system  it- 
self. AU  or  a  part  of  the  power  load,  as  far  as  may  be 
practicable,  is  balanced  against  the  varying  size  and  char- 
acter of  the  heating  load,  the  surplus  being  treated  al- 
most as  a  separate  condensing  problem. 

A  "Vacuo"  hot-water  plant  of  100,000  sq.ft.  of  radia- 
tion coupled  with  a  continuous  power  output  averaging 
in  excess  of  500  kw.  has  been  operating  continuously  for 
several  years  past  ■with  an  average  vacuum  in  excess  of  20 
in.  maintained  at  the  turbine  tmits  during  the  heating 
season  solely  by  the  condenser  action  of  the  heat  dissi- 
pators employed  for  warming  the  group  of  buildings 
served.  Necessarily  the  efficiency  has  been  high  and  the 
economy,  when  the  power  has  been  in  exc-ess  of  the  heat- 
ing, has  exceeded  by  fully  25  per  cent,  not  only  the  best 
that  has  been,  but  the  best  that  can  be  achieved  hy  any 
vacuum  steam-heating  system  with  power  generators  rtm 
noncondensing. 

All  this  evidence  and  much  more  of  like  character  sup- 
plementing it  has  repeatedly  been  presented  within  the 
past  year  or  two  to  the  designers  of  other  such  plants 
not  only  indirectly  through  the  technical  press,  but  di- 
rectly and  with  especial  referenc-e  to  concrete  installations 
in  the  preliminary  stages  of  their  planning.  Thesystemhas 
been  denied  serious  consideration  up  to  date,  apparently 
upon  the  grounds  made  famous  by  the  son  of  Erin,  who 
remarked — after  contending  in  vain  against  the  truth  of 
the  descriptions  and  reproductions  of  the  stately  giraffe — 
that  "there  was  no  such  animal." 

Even  if  no  operating  plant  had  been  installed  showing 
by  its  detailed  and  accurate  records  the  high  efficiency 
and  economy  of  "'•Vacuo"  hot-water  heating,  the  thermal 
and  thermodynamic  exposition  of  its  soundness  should 
have  won  recognition  long  before  this.  The  tmderlving 
theorj'  cannot  be  denied.  The  established  facts  cannot  be 
controverted.  The  practical  ex-perience  out  of  which  the 
system  has  been  evolved  is  unique  and  on  a  parity  with 
that  acquired  hy  any  designer  of  heating  systems  in  this 
country  or  abroad.  The  indorsements  won  from  candid 
and  competent  technical  authorities  after  exhaustive  in- 
vestigation are  of  the  highest  character. 

If  the  technical  world  concerned  with  the  design  of 
efficient  and  economical  plants  for  the  warming  of  build- 
ings served  from  isolated  or  central  power  stations  is  to 
avoid  the  charge  of  "intellectual  ossification."  or  "a  con- 
spirarv  of  silence."  the  time  is  opportune  to  avoid  either 
horn  of  this  dilemma  by  indorsement  or  denial. 
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ig  Costs  Favor  Hot- Water  Systems 

]5v  W.  L.  DiiiAxn 

he  United  Stales  a  forced  hot-water  instaUaliou 
to  he  the  exception  rather  thau  the  rule.  This  is 
lably  due  to  the  fact  that  the  advantages  of  hot 
jver  steam  are  not  generally  known  and  recognized, 
lat,  in  most  cases,  a  comparison  of  the  costs  of  the 
pes  is  not  made,  and  where  low  first  cost  is  desired 
ssumed  that  steam  is  much  cheaper  and  it  is  in- 
withont  any  investigation  of  a  hot-water  system, 
illowing  comparison  of  pipe-size  schedules  may  be 
irest  in  showing  that  the  piping  for  a  forced  hot- 
or  a  one-pipe  steam  installation  would  not  be  far 
Qt,  while  for  a  two-pipe  steam  the  difference  in 
ould  he  in  favor  of  the  hot  water, 
following  table  gives  the  radiation  for  each  size  of 
rom  1  to  10  in.  for  steam  mains  with  a  drop  of 
re  of  1  oz.  per  100  ft.,  for  returns  and  for  forced 
iter  based  on  170  B.t.u.  per  sq.ft.  per  hr.  and  20 
rop  with  a  friction  head  of  2  Hi.  per  TOO  ft.  This 
■nts  the  friction  head  for  an  average  job: 

CAPACITY  OF  PIPES  IN  RADIATIXC.  .■^URFACn 
Sq.  Ft.  of  Ra<l.  Supplied^ 
Pipe,  In.  Steam 


150 

300 

500 

900 

1,500 

2,000 

2,800 

3,600 

6,000 

13,000 

25,000 


Retu 

400 

7.50 

1,.500 

3,000 

5,000 

9.000 

1.5,000 

20,000 

28,000 

36,000 

60,000 

130,000 

250,000 


270 

570 

830 

1,720 

2,630 

4,650 

6,800 

9,500 

12,600 

17,000 

27.800 

57,000 

100,000 


ime  a  system  containing  25,000  sq.ft.  of  radia- 
This  would  require  a  10-in.  steam  main  and  a  41/2- 
urn  or  two  6-in.  hot-water  pipes.  The  cost  per 
)r  the  pipe  would  be  about  -$1.75  for  steam  and 
;or  hot  water,  or  a  saving  of  aliout  30  per  cent,  in 
if  hot  water. 

sulation  of  Underground  Steam 
Mains* 

^liow  the  value,  in  dollars  and  ifiits.  of  efficiency 
lerground  insulation,  a  section  uf  underground 
main  insulated  with  .standard  materials  that  will 

loss  of  0.034  lb.  of  steam  per  sq.ft.  of  surface  per 
•ill  be  compared  with  a  line  insulated  with  a  con- 
on  that  will  show  a  loss  of  0.1 1  lb.  per  sq.ft.  per 

Both  these  constructions  are  found  in  everyday 
e. 

this  purpose  take  an  8-in.  steam  line  1000  ft.  long, 
n.  pipe  has  3.25  sq.ft.  of  surface  per  lineal  foot. 

radiation  loss  of  0.03-1  lb.  there  will  be  in  1000  ft. 
n  a  line  loss  amounting  to  76.5  lb.  of  steam  per 

In  the  second  case,  with  a  radiation  loss  of  0.14 
line  loss  will  amount  to  315  lb.  of  steam  per  hour, 
e  that  to  generate  and  distribute  this  steam  will 
ic.  per  1000  lb.  This  will  give  in  a  season's  opera- 
eason  assumed  from  Oct.  1  to  June  1,  5832  hr.)  a 
ss  in  the  first  case  equal  to  $133.84  per  year,  and 
second  case  equal  to  $551.13  per  year. 

.   Kimbrousrh   before   the  Kan- 
and    Street   Railway    Associa- 


The  iiKiiu'v  saved,  ihcict'orc,  on  ihe  line  loss  will  lie 
ibe  dilTerence  between  $5")1.12  and  $133.84,  which  is 
$117.28  per  year.  This  money  is  6  per  cent,  on  $61)54.66, 
which  is  the  amount  of  additional  money  that  can  be 
spent  to  properly  insulate  the  underground  construction. 
On  the  2250  sq.ft.  of  surface  in  the  1000  ft.  of  8-in.  main 
it  will  be  seen  that  for  every  0.01  lb.  of  steam  saved  per 
square  foot  per  hour,  appro.ximately  $700  can  be  spent 
or  31e.  additional  cost  per  sq.ft.  of  underground  mains. 
This  amounts  to  70c.  per  lineal  foot  of  8-in.  main. 

Cost  of  Heating  and  Power-Plant 
Apparatus 

I  have  examined  with  much  interest  the  cost  figures 
given  by  Mr.  Downing  in  the  Xov.  18  issue.  Figures  of 
this  sort  are  of  great  help  in  getting  up  approximate  es- 
timates of  work,  although  they  must  be  used  with  dis- 
cretion, since  for  the  same  apparatus  prices  vary  over  a 
wide  unit  range  depending  on  the  size.  Also,  any  item 
affected  by  the  cost  of  labor,  will  be  subject  to  variations 
dc])endiiig  on  the  locality. 

Temporary  setting  of  direct  radiators,  $2.25.  This  itciu 
depends  entirely  on  local  conditions  and  the  use  of  any 
definite  price  would  be  misleading  unless  it  were  known 
to  apply  to  the  particular  locality.  For  instance,  in  New 
York  City  the  standard  prices  for  connecting  temporary 
radiators  is  $4,50  for  a  single-pipe  job  and  $5  for  a  two- 
pipe  job. 

The  allowance  of  $5(!  per  thermostat  is  misleading,  as 
there  is  no  direct  relation  between  the  number  of  valves 
and  the  number  of  thermostats.  The  u.se  of  the  follow- 
ing figun^s  would  gi\e  much  closer  results.  They  include 
all  piping,  etc. : 

Thermostats S2.'i 

Valves 10 

Mixing  dampers  and  diaphragm  motor 1.0 

Air  compressor 125 

Cast-iron  sectional  lioilcrs  eost  from  $28  per  sq.ft.  of 
grate  surface  for  a  boiler  whicli  will  serve  300  sq.ft.  of 
radiation  to  $24  for  a  boiler  rated  at  0000  sq.ft. 

Shaking  or  dumping  grates  cost  from  $4  tj  $4.50  per 
sq.ft.  instead  of  $5  to  $6. 

A  vacuum  system  complete,  including  pumps  and  ac- 
cessories, will  cost  from  $7  to  $10  per  radiator  installed 
complete,  but  the  valves  themselves  may  be  purchased  for 
$4.-50  to  $5. 

The  following  are  the  average  costs  for  steel-plate  fans, 
motors  and  engines  for  fans  from  4  to  8  ft.  in  diameter 
and  delivering  air  up  to  %  oz.  pressure : 

Fan  per  1000  cu.ft.  per  min $12   .'.0 

A.  C.  motor,  per  hp l.s  .'.0 

D.  C.  motor,  per  hp 23  1)0 

Inclosed  high-pressure  engine,  per  hp. .  17. 50 

Inclosed  low-pressure  engine,  per  hp.  33  00 

Open  high-pressure  engine,  per  hp..  .  14,0(1 

Open  low-pressure  engine,  per  hp 27.00 

The  cost  of  air  washers  at  $18  to  $36  per  1000  cu.ft. 
of  air  per  min.  at  500  ft.  velocity  is  incorrect.  They  cost 
from  $50  to  $60  per  1000  cu.ft.  installed.  Two  recent 
installations  cost  $1200  for  22,000  cu.ft.  per  min.  and 
$2800  for  50,000  cu.ft.  per  min. 

Concrete  foundations  for  engines  will  cost  $9  to  $10 
per  cu.yd.,  including  sand  cushion. 

Sprinkler  systems  complete,  including  tanks,  pipe, 
heads,  pump  and  erection,  cost  about  $7  to  $8  per  head. 

W.  L.  DUKAND. 

Xew  York  Citv. 
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The  Fireman's  Task 

The  fireman's  task  is  twofold  :  to  secure  capacity  and 
economy.  First  and  most  important,  the  steam  pressure 
must  be  kept  up.  A  good  llreman  keeps  the  steam  pres- 
sure within  the  limits  (generally  very  narrow)  of  allow- 
able pressure  variation.  Could  he,  without  a  steam  gage, 
tell  whether  or  not  he  was  holding  the  pressure?  Is  there 
an  engineer  or  superintendent  of  a  boiler  plant  who  would 
expect  him  to  do  it  ? 

The  second  important  part  of  the  fireman's  task  is  to 
generate  the  greatest  possible  amount  of  steam  per  pound 
of  coal  fired.  Does  lie  succeed  in  doing  this?  iSTot  at 
all.  Do  you  expect  him  to  do  H?  Yes.  But  what  help 
or  guide  do  you  give  him?  You  set  a  standard  of  steam 
])ressure  to  be  maintained  and  give  him  a  steam  gage  to 
guide  him,  and  he  makes  good  on  this  portion  of  his  task. 
Unfortunately,  he  does  it  by  sending  30  or  40  per  cent.' 
of  heat  up  the  chimney,  whereas  this  waste  should  not  ex- 
ceed 30  or  35  per  cent.  So  long  as  he  has  nothing  to 
guide  him,  no  means  of  knowing  whether  be  is  wasting 
much  or  little,  or  when  he  is  working  wastefuUy  or  eco- 
nomically, so  long  as  he  is  working  blindly,  he  cannot 
be  expected  to  make  good  on  the  second  ]iart  of  his  task 
and  he  doesn't. 

Set  the  standard  and  give  the  fireman  the  means  of 
knowing  what  he  is  doing  and  he  will  make  goa<l  in  the 
direction  of  economy  as  well  as  capacity. 

The  i-iercentage  of  CO,  is  an  index  of  efficient  combus- 
tion and,  in  combination  with  the  temperature  of  the 
escaping  gases,  is  a  measure  of  the  heat  wasted  up  the 
chimney.  Therefore,  as  one  means  to  the  desired  end  the 
fireman  could  be  provided  with  a  gage  showing  the  per- 
centage of  CO,  as  prominently  as  the  steam  gage  shows 
the  pressure  and  the  water  glass  shows  the  water  level. 

The  fireman  sees  the  hand  of  the  steam  gage  dropping 
below  the  required  pressure  and  he  immediately  attends 
to  his  fires.  He  shovels  more  coal,  and  opens  the  damper 
(if  that  is,  within  his  control,  but  only  too  frequently  it  is 
not),  he  shakes  the  grate,  slices  the  fire,  he  does  one, 
several  or  all  of  these  things,  as  his  experience  and  judg- 
ment dictate  as  necessary  or  expedient,  and  keeps  at  it 
until  the  hand  on  the  steam  gage  moves  the  other  way. 
Whether  he  is  firing  economically  or  wastefully  he  does 
not  know.  He  has  no  means  of  telling  whether  he  is  burn- 
ing the  coal  with  30  or  40  per  cent,  excess  air,  which  is 
entirely  sufficient,  or  whether  he  is  chasing  100,  300  or 
300  per  cent,  too  much  air  up  the  chimney.  He  cannot 
tell  and  the  chief  can  only  s\ispect  it  from  the  coal  bills. 

If  the  steam  rises  above  the  specified  pressure  he  stops 
shoveling  coal.  He  may  close  the  damper  or  not  as  suits 
his  convenience.  Allowing  the  fire  to  burn  thin  permits 
a  large  volume  of  air  to  pass  through  the  fuel.  This 
air  carries  away  the  heat — wastes  it — and  the  generation 
of  steam  is  checked.  The  latter  is  what  he  was  after.  He 
must  not  let  the  steam  pressure  exceed  the  limit  set.  He 
may  even  find  it  expedient  to  open  the  fire-doors  occasion- 


ally. Again,  he  wastes  the  bi'at  by  sending  a  large  volume 
of  highly  heated  excess  air  up  the  chimney. 

lie  knows  he  must  keep  the  steam  pressure  within  pre- 
scribed limits  or  lose  his  job.  The  steam  gage  enables 
him  to  do  this  and  he  does  it.  The  fireman  knows  that 
you  know  and  that  is  the  principal  reason  why  he  makes 
good . 

There  are  some  firemen  of  an  observing  mind  who  use 
their  brain  to  sa\e  their  muscle.  They  have  found  by  ex- 
perience that  by  keeping  an  even  fire  bed,  by  preventing 
holes  from  burning  through,  liy  adjusting  the  fire  thick- 
ness to  the  available  draft,  or  adjusting  the  draft  to  the 
thickness  of  fire  necessary  to  keep  up  the  steam  pressure, 
by  stopping  up  leaks  in  the  setting,  etc.,  they  can  reduce 
the  labor  of  shoveling  coal  and  hence  keep  up  the  required 
steam  pressure  with  less  exertion.  The  great  majority, 
however,  do  it  by  main  force  and  stupidity.  All  they 
know  is  that  if  the  steam  pressure  drops  they  must  shovel 
more  coal,  and  if  it  goes  aliove  the  required  mark  they 
must  shovel  less.  Such  firemen  waste  several  times  their 
wages  in  coal  every  day;  but  you  have  no  means  of  tell- 
ing which  of  your  firemen  are  firing  more  and  which  less 
efficiently.  Only  too  often  the  man  who  shovels  the  most 
coal  is  considered  the  best  fireman,  when  the  rever.se  is 
more  likely  to  be  the  case. 

Under  these  circumstances  it  is  much  more  surprising 
that  occasionally  a  boiler  plant  reaches  an  efficiency  of 
7.5  per  cent,  than  that  the  average  does  not  exceed  65  per 
cent.  There  is  no  good  reason  why  under  fairly  favorable 
conditions  an  average  efficiency  of  at  least  75  per  cent, 
should  not  be  maintained. 

To  attain  and  maintain  maximum  efficiency  you  must 
provide  the  firemaji  with  a  means  of  knowing  what  he  is 
doing,  you  must  set  a  standard  to  be  worked  to  and  you 
must  provide  yourself  with  the  means  of  knowing  how 
well  the  fireman  succeeds.  The  fireman  must  be  aware 
that  you  know  when  and  how  much  he  falls  short.  Thus 
provided  with  the  necessary  guide  and  moral  incentive 
the  fireman  will  make  good  in  the  second  part  of  his  task 
as  well  as  in  the  first. 


The  Shirk 

In  many  small  steam  plants,  running  day  and  night, 
is  found  the  shirking  engineer.  He  is  the  type  of  man 
who  goes  off  watch  leaving  a  dirty  engine,  empty  oil  and 
grease  cups  and  half-filled  lubricators  or  oil  tank.  The 
drip  pails  and  pans  are  filled  to  overflowing,  and  often 
much  needed  adjustments  or  repairs  are  neglected,  and 
his  relief  must  do  the  shirk's  work  to  keep  the  plant  go- 
ing. In  the  boiler  room  there  are  thick,  unclean  fires, 
low  water  and  filled  ashpits.  The  gage-cocks  leak  and  the 
water  glass  is  covered  with  lime,  or  the  lamp  back  of 
the  glass  has  burned  out  or  been  broken.  Perhaps  the 
pumps  should  have  been  packed  but  are  left  to  leak  and 
blow. 
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^Iwjii.-  ill  liic  iact  that  he  can  do  these  things, 
ahle  to  do  thcni  not  only  because  he  is  a  shirk,  but 
;c  the  IX lief  engineer  is  watchful,  neat  and  pains- 
;■,  and  his  proper  pride  compels  him  to  do  dou})le  ■ 
n  this  respect. 

course,  the  shirk,  after  the  manner  of  his  kind,  du- 
in  "putting  it  over,"  and  for  a  time  he  thinks  he  is 

clever  individual.  But  after  a  while  he  is  informed 
,  new  engineer  will  stand  watch  in  the  place  of  the 
e  :  the  latter  has  secured  a  better  position.  Eventual- 
e  shirk,  if  the  new  man  will  not  be  imposed  upon, 
les  sour  and  disgruntled,  and  in  most  cases  soon 
his  level  in  a  little  plant  where  he  is  still  the  "engi- 

but  between  times  wheels  his  own  coal  and  cleans 
rn  fires. 

;  remedy  for  this  condition  is  mainly  in  the  hands 
t  engineer  who  has  the  firmness  to  refuse  to  accept 
nposition  from  the  shirk.  He  makes  it  plainly  un- 
lod  at  the  outset  that,  while  he  wants  to  do  every- 

possible  to  prevent  friction,  to  establish  pleasant 
ms  with  his  fellows  and  to  help  gain  the  commen- 
I  of  the  owners  by  good  service — in  the  same  plant 
lim  there  is  no  room  for  the  shirk ! 
ise  are  some  of  the  reasons  why  no  engineer  should 
exception  to  the  man  coming  on  watch,  satisfying 
If  that  everything  is  in  proper  operating  condition 
!  he  assumes  charge.  It  should  be  plain  that  his 
ution  is  an  added  safeguard  for  both  of  them,  and 
t  sensibly  be  taken  as  reflecting  iipon  the  skill  or 
>f  the  engineer  about  to  be  relieved.     The  careful 

counts  his  change,  the  careful  seller  expects  it;  it 
heck  upon  .he  element  of  error  that  may  enter  into 
transaction.  A  straight  cashier  never  resents  hav- 
is  accounts  audited. 


Welded  Joints 

metal  could  oe  joined  by  welding  so  that  the  joint 
:nown  to  be  as  strong  as  the  metal  itself,  the  riveted 
with  its  lack  of  symmetry  and  loss  of  strength  could 
ne  away  with,  and  pressure  vessels  be  made  neater, 
!r  and  safer  than  by  the  process  of  metallic  stitching 
n  general  use. 

my  welded  joints  have  been  tested  m  which  the  piece 
:  in  the  solid  metal  outside  of  the  weld,  and  many 
s  in  which  the  failure  of  the  weld  showed  a  trnsile 
gth  nearly  equal  to  that  of  the  metal  of  the  sheet, 
this  is  not  a  priuri  proof  even  that  the  welded  joint 
16  made  safe.     In  the  autogenous  process  of  welding 

is  a  line  or  a  film  of  molten  metal  interposed  be- 
1  the  welded  surfaces.  This  metal  comes  from  the 
)ar  or  welding  wire  which  the  workman  fuses  with 
orch  and  runs  between  the  heated  surfaces  of  the 
1  to  be  joined.     "What  is  the  character  of  this  metal 

it  has  been  melted,  run  and  allowed  to  set  without 
ing?  What  is  the  effect  of  the  heating  process  upon 
dges  of  the  sheet  itself?  What  internal  stresses  are 
p  by  the  intense  local  heating  and  cooling  ?     Is  the 

given  a  high  tensile   streng-fh  by  one  or  more  of 

causes  to  the  detriment  of  some  other  quality  ? 
lese  observations  are  not  intended  to  throw  distrust 

the  welded  joint  as  used  for  a  rapidly  increasing 
ber  of  purposes,  bat  are  prompted  by  the  extreme 
on  which  should  control  the  extension  of  that  use  to 


vessels  of  considerable  size  under  pressure  and  containing 
large  amounts  of  stored  energy.  That  ninety-nine  per 
cent,  of  the  joints  so  made  were  as  strong  and  reliable 
as  though  the  metal  were  continuous  would  not  qualify 
the  process  if  it  were  impossible  to  say  which  one  of  every 
hundred  boilers  might  have  the  defective  weld.  A  riveted 
joint  is  at  least  safe  to  start  with.  What  is  needed  is  a 
means  of  telling  whether  a  welded  joint  is  all  right  by 
some  process  other  than  the  destruction  of  the  joint. 

In  Germany  a  search  is  being  made  for  such  a  process. 
In  response  to  an  offer  of  a  prize  for  the  best  method, 
twenty-six  contestants  sent  in  suggestions.  None  of  these 
in  the  opinion  of  the  board  of  expert  judges  offered  a 
complete  solution  of  the  problem  but  five  of  them  offered 
possibilities  and  will  be  tried  out.  (See  page  944.) 

Some  of  those  who  are  doing  autogenous  welding  suc- 
cessfully and  who  know  that  it  can  be  done  so  as  to  be 
perfectly  safe  and  satisfactory  even  in  the  longitudinal 
joint  of  a  large  boiler  shell  are  impatient  of  this  research, 
and  doubtful  of  the  finding  of  a  method  which  shall  be 
at  the  same  time  reliable  and  simple  enough  for  com- 
mercial use.  Henry  Cave,  in  a  paper  abstracted  on  page 
!'40,  contends  for  a  ''three-license  system"  under  which 
the  apparatus,  the  operator  and  the  party  undertaking 
the  work  shall  all  be  examined  and  licensed.  It  is  ap- 
parent why  the  apparatus  and  operator  should  l)c  ap- 
proved, but  the  operator  while  he  may  be  skilled  in  the 
use  of  the  torch  is  usually  not  a  judge  of  the  best  ma- 
terials to  be  used  on  a  particular  job,  whether  or  not  heat 
treatment  is  necessary,  whether  in  a  complicated  struc- 
ture the  piece  is  in  compression  or  tension,  etc. 

Autogenous  welding  is  being  successfully  used  on  many 
coni]iaratively  large  fittings  under  pressure.  Lengths  of 
steam  main  and  even  receivers  for  engines  of  considerable 
size  are  made  with  the  fittings  welded  in  and  the  receiv- 
ers, we  believe,  with  welded  seams.  We  should  be  quite 
willing  to  accept  as  safe  a  joint  which  Mr.  Kautny  or 
Mr.  Cave  had  made  or  seen  made.  Perhaps  it  may  do 
to  depend  iipon  men  who  have  the  certified  approval  of 
these  or  other  competent  authorities.  But  we  shall  all 
feel  better  about  it  if  they  find  that  simple,  prai-tical, 
positive  method  of  telling  whether  the  weld  is  sound. 

Credit  to  the  Central  Station 

While  the  eiSciency  methods  as  applied  to  the  work- 
rooms of  mills  and  factories  influence  the  economy  of  the 
power  ]ilant,  it  must  be  recognized  that  the  central-sta- 
tion companies  more  than  industrial  efficiency  engineers, 
are  the  ones  who  have  furnished  the  conditions  that 
stimulate  most  isolated-plant  engineers  to  greater  effort. 

A  central  station  is  a  competitor  of  the  smaller  ])lants' 
in  the  same  locality.  As  it  sells  power  for  profit  its 
methods  of  power  generation  and  transmission  are  usually 
efficient  and  thoroughly  systematized.  They  should  and 
must  be.  The  central  station  as  an  institution  has  forced 
power-plant  engineers,  as  a  class  of  labor,  to  better  effi- 
ciency just  as  any  competitor  who  adopts  improved  meth- 
ods forces  others  in  the  same  business  to  do  likewise. 

By  the  foregoing  we  do  not  mean  to  infer  that  progres- 
sive engineers  are  rare.  Thanks  to  the  inherent  thorough- 
ness, some  engineers  conduct  their  plants  in  a  manner 
comparable  with  the  best  managed  central  stations.  These 
men  are  pioneers,  are  vanguards  to  the  host  of  others 
who  must  be  told  to  follow. 
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Cooling  Prony-Brake  Pulley 

III  preparing  to  take  the  brake  horsepower  of  an  .au- 
tomatic engine  I  noticed  that  the  governor  pulley  had 
inward-projecting  flanges  at  the  rim.  The  prony  brake 
\\a.'-  applied  to  this  pulley  and  the  rim  kept  cool  by  a 
Hinall  stream  of  water  applied  to"  the  inside  of  the  rim,  as 
shown  in  the  illustration,  which  does  not,  however,  show 
the  governor  mechanism.    The  outlet  pipe  had  to  be  care- 


CooLiNG  Pulley  TTskd  as  Brake 


fully  fitted  to  avoid  striking  the  blocks  and  levers  of 
the  governor  and  still  be  close  enough  to  the  rim  to  suck 
out  the  water  before  it  overflowed  the  flanges. 

This  arrangement  may  be  used  with  any  pulley  which 
has  suitable  flanges.  If  very  much  water  is  used  or  ex- 
treme accuracy  is  desirable  the  stream  of  water  should 
be  projected  in  the  same  direction  as  the  rim  is  traveling 
and  at  the  same  speed.  Otherwise  the  rim  would  use 
some  of  the  power  of  the  engine  in  bringing  the  water 
up  to  s])eed. 

Feed  Boone. 

Davidson,   Okla. 

Heated  Air  for  Steam-Boiler  Furnaces 

Some  yeai's  since  a  series  of  experiments  was  conducted 
to  determine  the  value  of  a  heated-air  supply  for  steam- 
boiler  furnaces.  These  experiments  were  financed  by  an 
association  of  mill  and  factory  owners  and  extended  over 
a  long  period.  They  were  very  thorough  .as  well  as  ex- 
pensive and  showed  that  about  as  much  could  be  gained 
by  heating  the  air  supply  to  the  furnace  as  is  gained  by 
heating  the  feed  water  to  a  boiler  by  some  source  of  heat 
that  otherwise  would  he  wasted.  In  extreme  cases  the 
saving  was  as  much  as  1 1  per  cent. 

This  being  the  case  it  becomes  an  interesting  question 
as  to  why  this  method  of  economizing  is  not  more  gen- 
erally used  than  it  is  at  present.  Is  it  because  of  lack 
of  knowledge  of  the  benefits  to  be  derived,  or  is  it  because 
of  the  expense  of  fitting  up  tiie  proper  apparatus,  such 
as  was  needed  in  the  .°xperiments  referred  to  above,  or  is 
it  because  this  question  lias  never  been  pressed  home  to 
the  people  who  pay  the  fuel  bills?     Great  expense  is  in- 


curred to  save  every  possible  heat  unit  for  the  feed  water 
and  to  this  end  elaborate  economizers  are  installed  be- 
tween the  boilers  and  the  stack,  and  steam  traps  are 
used  to  return  the  hot  water  to  the  boiler  without  undue 
loss  of  heat.  All  of  this  is  commendable  if  done  prop- 
erly, but  the  heating  of  the  air  supply  to  the  furnace 
seems  to  be  a  mine  of  wealth  practically  untouched  at 
present  and  one  that  seems  to  be  worthy  of  serions  con- 
sideration. 

Aside  from  the  t'xperinient's  and  tests  above  referred 
to  and  as  a  side  light  on  what  effect  the  temperature  of 
the  air  has  on  the  economy  of  combustion  in  everyday 
practice,  it  may  be  stated  that  some  years  since  a  series 
of  tests  on  an  internally  fired  boiler  were  made  by  four 
well  known  experts.  These  men  were  and  are  all  mem- 
bers of  the  American  Society  of  Mechanical  Engineers 
and  the  tests  were  run  in  accordance  with  the  code  of 
rules  approved  by  this  society. 

The  tests  were  made  at  different  seasons  of  the  year. 
Each  test  was  under  the  direction  of  a  different  expert, 
but  all  weights,  etc.,  were  taken  by  the  same  assistants 
and  the  boiler  was  fired  by  the  same  skillful  fireman.  In 
fact,  all  the  conditions  with  the  single  exception  of  the 
temperature  of  the  air  were  as  nearly  alike  as  they  could 
be  made.  The  highest  duty  was  obtained  in  the  warmest 
weather  and  this  in  a  way  confirms  the  theory  that  the 
temperature  of  the  air  supply  has  an  appreciable  effect 
on  the  dutv  obtained. 

W.  H.  Odell. 

Yonkers,  N.  Y. 

Home-Made  Expansion  Joint 

Tlic  acc(jinpanying  sketch  shows  a  3-in.  expansion 
joint  whicii  is  practical  in  service  and  economical  to 
manufacture  and  has  an  advantage  over  the  type  usually 
made  in  that  it  may  be  made  for  any  length  of  stroke 
without  great  additional  expense. 

The  sleeve  4  is  a  j)iece  of  -l-in.  pipe  with  a  standard 
thread  on  one  end  and  swaged  to  3  in.  with  standard 
3-in.  thread  on  the  other  end.  The  plunger  B  is  a  piece 
of  3-in.  ]>ii3e  and  has  a  standard  thread  on  each  end.  One 
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Section  op  Home-Made  Expansion  Joint 

end  is  for  the  pipe  coupling  and  on  the  other  end  is 
screwed  a  short  ring  to  prevent  the  plunger  drawing  en- 
tirely out  of  the  joint.  This  plunger  is  trued  up  aii'i 
polished  on  the  outside  between  the  threads.  On  the 
4-in.  end  of  the  sleeve  A  is  screwed  the  flange  C,  which 
is  bored  out  for  packing  and  fits  over  the  plunger  B. 
The  flange  D  forms  the  gland  for  the  packing  box  and  is 
bored  to  fit  freely  over  the  plunger  B.     Both  flanges  (C 
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D)  arc  drilled  for  four  %-iii.  bolts  for  drawing  uy 
packing.  Plunger  li  is  free  to  slide  baek  and  forth 
distance  between  the  coupling  on  one  end  and  the 
■  on  the  other. 

have  made  several  of  these  expansion  joints  recently 
they  are  giving  good  satisfaction. 

L.   K.  Stki'iikn's. 
ellows,  Calif. 

A  Pump-Valve  Kink 

Ith  some  types  of  pumps  and  valve  designs  it  is  very 
ig  to  screw  the  spindle  fast  and  at  the  same  time  hold 
spring  and  cover  plate  from  falling  down  into  the 
ip  chamber.     To  obviate  this  trouble,  I  use  a  strip  of 


Tool  to   Hold   rrMP-\'.\LVF.   Spimxg 

u.  sheet  brass,  about  \-2  in.  wider  than  the  valve  stem, 
slotted  as  shown. 

y  compressing  the  valve  spring  when  it  and  the  cover 
e  and  valve  are  on  the  spindle,  and  by  getting  the 
le  edges  of  the  slotted  brass  .strip  in  the  threads  of 
spindle,  the  latter  may  be  easily  screwed  fast. 

J.  M.  Coleman. 
anciiester.  Eng. 

Cause  of  Knock  in  Pump* 

•ading  the  experiences  of  ^Mr.  Hurst  and  Mr.  Ferguson 
he  cause  of  knocks  in  pumps,  I  wish  to  relate  an  ex- 
?nce  I  recently  had  with  two  8x5xl2-in.  boiler-feed 
ps.  These  pumps  are  of  the  duplex  type  with  packed 
JUS.  The  valves  used  are  standard  composition  as 
rally  used  for  hot  water  on  feed-pump  service.  No. 
imp  had  been  overhauled  and  two  new  piston  rods 
in.  When  the  pump  was  again  put  in  service  it 
;ed  good  at  first,  and  after  a  few  days  it  worked  well 
low  speed,  but  on  speeding  up  both  pistons  would 
p  about  an  inch  at  the  beginning  of  each  stroke.  To 
i])pearances  cither  the  steam  piston  or  water  piston 
loose  on  the  rod.  As  new  rods  had  been  put  in  it 
thought  possible  that  they  might  be  a  little  loose, 
he  water  end  was  opened  and  the  nnt  on  the  end  of 
rod  tried  and  found  tight.  Then  the  steam  cylinder 
opened  and  the  nut  on  the  steam  end  found  tight, 
nake  sure  that  the  trouble  was  not  in  the  piston  rods 
was  taken  out  and  the  water  piston  fitted  on  it  and 
ed  to  be  a  good  fit.  The  rod  was  then  put  back  in 
D,  and  repacked,  and  the  cover  taken  ofF  the  valve 
nber  where  the  cause  was  apparent.  Here  it  was 
id  that  three  of  the  suction  valves  and  two  of  the 
large  valves  were  binding  on  the  stem  so  tightly  that 
would  be  held  open  against  the  action  of  the  spring 
1  the  reversal  of  the  direction  of  the  water  through  the 
s  together  with  the  tension  of  the  springs  closed  them, 
t  was  what  caused  the  quick  jerk  at  the  beginning 
le  stroke.     These  valves  were  a  good  fit  when  put  in, 
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and  must  have  expandetl  on  being  heated  iiji  after  a  long 
sinitdown.  They  ivere  bored  out  about  gV  in.  and  put 
back  in  place  and  no  further  trouble  occurred.  The  only 
part  that  is  not  clear  is  that  inasmuch  as  these  valves 
were  in  use  several  months  after  they  were  put  in  and 
gave  no  trouble  of  this  kind,  when  the  pump  was  started 
after  a  shutdown  of  two  months  five  out  of  the  eight 
valves  were  tight.  No.  1  pump  w^as  overhauled  at  the 
same  time,  and  had  been  in  use  about  six  weeks  when  the 
same  trouble  occurred  in  it  as  in  No.  2.  Two  suction  and 
two  discharge  valves  were  found  stuck  on  the  stems,  and 
after  being  bored  out,  stopped  the  knock. 

It  has  been  my  experience  that  as  a  rule  the  larger 
part  of  trouble  in  pumjis  can  be  traced  directly  to  the 
valves.  It  )nay  be  due  to  excessive  leakage,  or  a  broken 
valve,  broken  spring,  stud  breaking  off  or  working  out, 
valves  too  tight  on  the  stem,  or  gasket  between  the  suc- 
tion and  discharge-valve  deck  blown  out,  any  of  the.se 
conditions  will  cause  trouble,  and  may  cause  a  heavy 
knock  which  appears  to  be  and  actually  is  in  the  cylinder, 
but  the  cause  of  it  will  be  found  in  the  valve  chamber.  If 
the  suction  ])ipe  is  long,  or  its  opening  restricted  or  the 
lift  is  high  the  pump  may  knock  when  running  at  high 
speed,  but  this  knock  will  be  of  a  different  nature  than 
that  caused  by  defective  valves  and  would  not  be  mis- 
takened  liy  the  engineer. 

J.  C.  Hawkins. 

Hyattsville,  Md. 

Sediment  Collector  for  Lubricator 

The  lubricator  is  a  sensitive  and  delicate  apparatu>^, 
and,  therefore,  any  sediment  collecting  in  the  oil  and 
v.'ater  tubes  or  pipes  will  undoubtedly  cause  troulile. 
Trouble  is  more  likelv  to  occur  when  the  feed  water  is 


Sediment  Collector  in  Lubricator  Steam  Pipe 

ireated  with  chemicals,  such  as  soda  ash,  on  account  of 
the  foaming  of  the  boilers. 

An  inexpensive  attachment,  which  will  provide  a  iiro- 
tection  against  the  collection  of  sediment  in  the  lubri- 
cator, is  illustrated.  A  few  extra  pipe  fittings  are  needed 
TO  make  the  collector  for  the  steam  connection  to  the  lub- 
ricator, reducers  being  used  on  each  end  of  a  pipe  forming 
the  body  of  the  collector.  By  opening  the  small  drain 
cock  at  the  bottom  of  the  collector,  the  sediment  may  be 
blown  out  verv  quickly. 

T.  J.  M.  Clute. 

Schenectadv,  N.  Y. 
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The  Effect  of  Air  in  Feed  Water 

Mr.  Bouiie'.s  letter,  lu  the  issue  of  Xov.  25,  is  iiitcrest- 
iii^H'  ill  that  it  calls  attention  to  the  possibilities  which 
lie  ill  the  future  development  of  power  apparatus  wherein 
the  working  fluid  is  a  mixture  nf  a  \apor  and  a  gas,  for 
instance,  as  in  this  I'ase,  steam  and  air.  It  is  not  neces- 
sary at  this  time  to  enter  into  any  discussion  as  to  whether 
those  pdssihilities  are  attractive  or  otliorwise.  It  is  enough 
to  note  that  in  the  develo])nient  of  the  gas  turbine,  it 
I'as  been  jiroposed,  among  other  methods  of  attacking 
the  problem,  to  combine  the  generation  of  steam  with  the 
]iroduction  of  tiie  gas,  and  to  e.xpand  them  both  together. 
So  far  as  the  discussion  referred  to  is  concerned,  it 
looks  as  if  the  advocates  of  the  open  heater  had  the  best 
<il'  it,  because  their  argument  was  certainly  based  u])on 
undoubted  fact,  while  that  of  tlie  other  side  involved 
.some  incorrect  assumptions. 

In  the  first  place,  pumping  air  iuto  the  boiler  with 
the  water  was  not  aeconii)lislied  without  throwing  any 
more  work  on  the  feed  pum]i.  The  pump  simply  acted 
as  a  combined  water  pump  and  air  coiii|)ressor,  and  the 
theoretical  work  chargeable  to  cath  function  could  be  as- 
certained, knowing  the  relative  quantities  of  water  and 
air.  Therefore,  the  air  is  not  '"compressed  into  the  clo.sed 
heater  and  boiler  without  any  expenditure  for  power." 
Ill  the  second  place,  while  it  is  true  that  "it  requires 
no  heat  to  evaporate  it  as  it  is  already  in  the  form  of  a 
gas."  it  does  require  heat  to  biing  it  to  the  working 
temperature,  and  the  fact  that  its  specific  heat  is  less  than 
that  of  water  is  not  the  advantage  it  appears  to  be.  As  a 
matter  of  fact,  to  transform  heat  into  power,  the  work- 
ing fluid  must  be  put  under  pressure  and  then  allowed  to 
ex])and.  Witli  a  va])or,  the  pressure  is  obtained  by  boil- 
iiii;-  the  fluid,  the  process  entailing  a  loss  of  the  heat  used 
in  changing  from  liquid  to  vapor.  AVith  a  gas,  in  order  to 
kee]i  down  the  size  of  apparatus,  the  pressure  is  obtained 
mechanically  at  a  considcral)le  loss  of  energy,  by  means 
of  a  compressor,  rather  than  by  the  a])plication  of  di- 
rect heat. 

Xow,  the  average  compressor  will  put  into  the  gas  it 
compresses,  about  one-half  of  the  energy  consumed  by 
it.  The  operation  of  a  steam  ]iump  as  a  compressor  might 
show  something  like  this  efficiency,  if  it  happened  to  be 
the  right  kind  of  pump,  but  it  would  be  safer  to  assume 
a  greater  loss  than  that  stated. 

Through  the  same  temperature  range,  the  theoretical 
work  done  by  the  air  in  expanding  will  be  equal  to  the 
work  done  upon  it  by  the  compressor,  but,  it  has  taken 
dmible  its  stored  power  to  compress  it,  therefore,  even  if 
its  expansion  were  100  per  cent,  efficient,  it  could  only  de- 
li\cr  half  the  power  ])ut  into  it.  So  far,  then,  the  ])uinp 
is  putting  iuto  the  system  twiie  as  much  energy  as  is 
r>'aHzed. 

Of  course,  there  is  a  gain  diu'  t<i  the  dift'erence  in  tem- 
]K'rature  of  the  air  in  the  heater  and  the  air  in  the  boiler. 
This  would  not  in  practice  amount  to  more  tlian  300  deg. 
v..  and  would  not  represent  sufficient  gain  in  \olume  to 
make  up  for  the  loss  in  compressing. 

Tlie  matter  of  the  different  specific  heats  does  not  enter 
into  the  problem,  because  the  same  specific  heat  applies 
both  to  the  expansion  and  the  compression  of  the  air,  and 
the  theoretical  power  thus  put  into  or  taken  from  a  gas, 
deneiuls  unon  its  ]iavticulnr  specific  hof\i. 

Putting  tlie  air   in   at  low  temperature,   that   is,  com- 


|jressing  efficiently,  expanding  from  as  high  temperature 
as  possible  (superheat)  and  running  condensing  (sounds 
impossible,  but  it  is  possible  with  modern  types,  by  sim- 
ply making  provision  for  handling  more  than  the  tradi- 
tional 10  per  cent,  of  air),  will  make  such  a  system  more 
nearly  possililc,  but  even  then  it  will  be  found  better  to 
keep  the  air  out,  until  nuuli  higher  temperatures  are 
I'ossilile  tliaii  we  dare  use  today. 

There  is  one  feature  that  deserves  mention;  that  is, 
that  when  any  considerable  amount  of  air  is  mixed  with 
steam,  the  mixture  liecomes  unsaturated,  though  it  may  hv 
at  the  temperature  of  saturated  steam  for  that  pressure, 
and,  in  expanding,  condensation  will  not  take  place  until 
the  mixture  has  reached  its  "dew-point."  As  the  tem- 
perature of  total  condensation  of  such  an  atmos])here 
is  not  reached  short  of  the  freezing  point,  investigation 
along  these  lines  presents  some  interesting  problems  as 
to  what  additional  power  is  realized  from  the  combined 
expansion  of  a  gas  and  a  vapor,  as  distinguished  from  the 
sum  of  their  expansions  taken  se])arately. 

R.    C.AKl'KNTKI!. 

East  Orange,  N.  .1. 

Safety-Valve  Problem 

H.  H.  Hastings,  in  the  Nov.  18  issue,  relates  an  experi- 
ence with  a  safety  valve,  stating  that  it  worked  all  right 
until  it  lifted  about  j\  in.,  when  it  moved  suddenly  to  a 
wide-open  position. 

The  action  was  unquestionably  due,  first  to  the  fact 
that  the  safety-valye  area  was  not  adequate  and  could 
not,  therefore,  deliver  the  excess  steam,  unless  wide  open  ; 
second,  the  uniformity  of  movement  was  evidently  caused 
by  exces.-rive  friction  in  the  first  jiart  of  the  valve  travel, 
due  to  a  bent  guide  pin  or  scale  accumulation. 

The  area  of  a  safety  valve  is  determined  by  reference  to 
the  mechanics  of  fluids  in  motion  or  upon  the  results  of 
ex]ierinients  to  ascertain  the  area  necessary  for  the  escape 
of  all  the  steam  the  boiler  c'ould  give.  The  most  usual 
method  is.  in  the  absence  of  generally  recognized  rules, 
to  )iroportioii  tli''  \al\c  area  according  to  the  grate  sur- 
face, heating  suiracf'  (ir  lujisepciwer  of  the  boiler.  The 
safety  valve  is  designed  on  the  assumption  that  the  static 
pressure  in  the  boiler  will  lift  the  valve,  when  this  pres- 
sure exceeds  the  exterior  pressure  or  that  due  to  the 
weight,  on  the  valve.  The  rise  of  the  valve  is  sinldcii 
whenever  there  is  an  excess  pressure  on  the  boiler.  Th  " 
heigliT  to  which  a  valve  will  rise  cannot  be  determined 
theoretically,  but  the  question  has  been  conclusively  settled 
by  Burg,  of  Vienna,  after  careful  and  extensive  experi- 
ments, the  results  of  which  are  shown  in  the  accompanv- 
ing  table. 

POUNDS  .STE.\.M  PRE.SSrRE 

12  20  35  45  .'iO  CO  70  SO  00 

RISE  OF  V.A.I,VE  IN  INCHES 

It  will  be  understood  that  the  ex|)eriments  were  coii- 
diicteii  with  well  pr(i]Hirtioned  safety  valves,  and  iindei- 
iioiinal  coiiilit  ions. 

If  a  valve  be  held  down  until  the  ]iressure  increases  to  "2 
or  3  lb.  more  than  that  for  which  the  valve  is  weighted 
then  released,  as  Mr.  Hastings  has  done,  it  would  be  im- 
possible to  arrive  at  conclusions,  as  the  valve,  having  lost 
its  balance,  would  necessarily  fly  wide  open. 

1  do  not  think  that  there  is  any  ground  for  apprehen- 
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merely  because  a  valve  rises  too  high,  as  in  any  I'ase 
ilj  relieves  the  boiler  of  excess  pressure,  and  would 
cause  an  increased  evaporation  greater  than  a  safety 
D  of  lesser  lift.  The  danger  lies  in  the  fact  that  it 
i  not  pass  all  the  steam  generated.  A  high  lift  is  due 
ladequate  valve  area. 

at  there  is  a  decided  and  immediate  danger  in  hold- 
he  valve  down  until  the  pressure  increases  above  that 
,vhich  it  is  Aveighted,  as,  upon  releasing  it,  the  valve 
its  balance  and  the  effect  would  be  similar  to  open- 
tho  main  valve  suddenly;  a  great  volume  of  steam  is 
ised,  causing  water-hammer  and,  perhaps,  an  explo- 

r.  Hastings'  theory,  that  the  high  lift  of  the  valve 
lie  to  the  velocity  of  the  escaping  steam  impinging 
1  the  \alve  disk,  thereby  increasing  the  pressure  is 
uable.  If  it  were  correct,  the  valve  would  be  kept 
by  the  outrushing  steam  until  the  boilers  were  totally 
ustcd.  The  effect  of  increased  velocity,  contrary  to 
Hastings'  theory,  is  manifest  in  a  decreased  lift  of 
?alve ;  the  greater  the  pressure,  or  higher  the  velocity, 
less  the  rise. 

Victor  Bonn. 
ashington,  D.  C. 


Air  Tank  Used  for  Oil  Storage 

hen  the  plant  in  which  I  am  employed  was  installed 
dr-pressure  tank  was  put  in  the  fire  line  to  insure 
nst  shock  from  the  intermittent  action  of  the  duplex 
p.     This  pump  was  controlled  by  a  governor.     One 


Sprinkler-System  Tank  for  Otl  Storage 

the  governor  failed  to  act  and  the  pressure  in  the 
:  increased  so  that  it  had  to  be  discontinued  for  that 
ice. 

he  tank  laid  around,  useless,  until  several  barrels  of 
ne  oil  arrived,  when  it  was  tised  to  store  the  oil,  as 
higher  temperature  of  the  store  room  thinned  the 
and  the  barrels  began  to  leak.  The  tank  was  put  in 
oil  room,  inverted  on  a  wooden  base  and  painted.  The 
;r-glass  cocks  were  removed  and  stop-cocks  put  in 
r  place,  piped  as  shown.  Plugs  were  put  in  the  tank 
ets.  The  oil  is  put  in  by  gravity,  this  being  possible 
.ccount  of  the  location  of  the  tank  with  relation  to  the 
ide  ground  level.  A  hole  is  bored  in  the  end  of  the 
■el  and  a  piece  of  pipe  with  a  valve  is  screwed  in. 


This  is  done  before  the  barrel  is  put  on  the  horses.    Then 
the  valve  is  opened  and  the  oil  soon  runs  out. 

The  top  cock  is  used  to  draw  oil  as  long  as  it  will  run 
from  there.  When  the  supply  in  the  tank  gets  below  the 
top  cock  it  is  time  to  order  more. 

H.  G.  Giijsox. 

Washington,  H.  ('. 

Clear  Water  from  Muddy  River* 

In  the  issue  of  Oct.  38,  there  i?  an  article  with  the 
above  heading.  I  would  say  that  the  water  in  the  hole 
is  dear  because  it  is  furnished  by  a  spring.  The  river 
water  does  not  enter  the  hole  at  all,  there  being  a  con- 
stant upward  flow  of  clear  water  that  keeps  out  the  sedi- 


Probable  Location  of  SorRCE  of  Water 


ment.  If  the  cavity  could  be  sealed  as  shown  in  the 
sketch,  and  the  water  allowed  to  escape  through  the  pipe, 
it  would,  perhaps,  be  discharged  several  feet  above  the 
surface  of  tlie  river. 

W.  K.  Odell. 
Binninghani,  Ala. 

Pipe  Joint  Soldered  at  Flanges 

We  have  in  our  plant  a  6-iu.  sfeam  line  supported  on 
saddles  at  the  top  of  posts  about  14  ft,  .Ugh. 

This  pipe  continues  through  tbe  yard  on  these  posts  for 
about  300  ft.,  connecting  boilers  at  either  end  of  the 
works.  We  have  had,  from  time  to  time,  leaks  in  the 
threads  at  the  ends  of  lengths  where  thev  screw  into  the 


^ii^   Lead 

Soldered  Flange  Joint 

hub  of  the  flange  unions.  To  take  down  pipe  wotild  be 
an  expensive  job,  as  we  would  have  to  cut  off  pipe  and 
make  new  threads  or  substitute  new  pieces  or  flanges,  as 
the  conditions  warranted.  To  avoid  taking  down  the 
line  we  split  off  flanges  with  a  cape  chisel  at  the  bolt 
holes  to  inspect  the  threads.  If  the  thread  is  poor  well 
within  the  thread  length  of  the  flange,  we  spread  the  line 
open  enough,  and  screvr  on  a  new  flange  with  a  recess  at 
the  back  of  the  hub,  into  which  we  potir  lead  and  calk 
the  joint  to  insure  a  tight  job.  The  cross-section  of  one 
of  these  flanges  illustrates  the  idea.  This  may.  or  may 
not.  be  a  new  idea. 

F.  R.  :Maw. 
TTnncnck.   Mich. 
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Coal — What  is  the  difference  between  hard  and  soft  coal, 
and  why  does  the  former  produce  less  smoke  than  the  latter? 

M.  S.  M. 

The  main  difference  between  hard  and  soft  coal  is  that 
soft  coal  volatilizes  easier,  which  is  the  reason  why  hard  coal 
produces  less  smoke. 


Air-Compressor  Power — What  amount  of  power  will  be 
required  to  drive  a  lOxlO-in.  compressor  making  110  r.p.m. 
and    compressing    the   air    to    40-lb.    gage   pressure? 

A.ssumins'  the  compressor  to  be  a  single-stage  compressor 
in  ordinary  good  condition  and  of  about  SO  per  cent,  me- 
chanical efficiency,  the  net  power  required  to  be  delivered  to 
the  compressor  wouli  be  6%  to  7  hp.  An  S-  to  10-hp.  elec- 
tric  motor   should    be   used    to   drive    it. 


Belt  Sufficiency — \\'ill  a  two-ply  leather  belt  16  in.  wide 
transmit  150  hp.  between  two  40-in.  pulleys  on  15-ft.  centers 
at   250    r.p.m.? 

C.    F. 

The  belt  referred  to  would  not  be  suitable  for  more  than 
106  hp.  and  would  not  transmit  150  hp.  without  giving  con- 
siderable trouble.  For  transmitting  150  hp.  either  the  speed 
of  the  belt  or  its  width  should  be  increased  about  50  per  cent. 


Valve  L,ap — In  the  designinA'  of  a  slide-valve  engine  is 
any  difference  made  in  the  lap  on  the  two  ends  on  account 
of   the   angularity    of   the    connecting-rod? 

E.    P. 

An  allo'wance  for  angularity  of  the  connecting-rod  should 
be  made  in  fixing  the  lap  on  a  slide  valve,  making  the  lap  at 
one  end  greater  than  the  other,  and  for  important  work  such 
allowance  is  generally  made  by  careful  designers  and  builders 
of   slide-valve    engines. 


Forced  Draft — Is  there  not  a  loss  in  efficiency  when  boil- 
ers are  operated  with  forced  draft?  The  temperature  of  the 
flue  gases  must  necessarily  be  high,  unless  it  is  a  water- 
tube    boiler   especially   baffled   for   this   manner   of  working. 

J.    B. 

Forced  draft  is  only  applied  when  the  natural  draft  is  in- 
sufficient for  the  rate  of  combustion  required  or  in  lieu  of 
natural  draft.  When  properly  adapted  to  the  requirements  of 
air  for  proper  combustion  the  temperature  of  the  escaping 
gases  is  no  higher  than  from  introduction  of  the  same 
amount   of  air  by  natural   draft. 


Llttion — A  6-ft.  fan  is  driven  at  600 
r.p.m.  from  a  line  shaft  running  at  the  same  speed,  by  24-in. 
pulleys  on  both  shafts.  What  etfect  will  it  have  on  the  power 
consumption    to    substitute    two    4S-in.    pulleys? 

I..  N. 
With  either  set  of  pulleys,  the  fan  being  driven  at  the 
same  speed,  there  would  be  the  same  delivery  of  air  and 
ccnsequently  the  fa?!  "would  receive  the  same  number  of 
horsepower.  A  single  advantage  in  driving  with  the  4S-in. 
pulleys  is  that  the  belt  would  travel  twice  as  fast  as  with 
24-in.  pulleys  and  the  driving  tension  in  the  belt  would  be 
half  as  inuch,  which  would  make  about  half  as  much  pres- 
stire  on  the  h.^nger  boxes  and  would  reduce  the  shafting 
friction    nearly    one-half. 


BuruinK'  Wooil — In  substituting  wood  for  coal  in  a  boiler 
furnace,  how  much  more  fuel  will  be  required  and  what 
changes    will    be    necessary   in   the    furnace? 

H.    F. 

Jt  is  enough  to  allow  21/2  lb.  of  wood  as  equal  to  1  lb.  of 
coal,  if  the  wood  does  not  contain  over  20  to  25  per  cent,  of 
moisture.  Such  wood  is  usually  known  as  "dry,"  and  what- 
ever greater  quantity  of  moisture  may  be  in  the  wood  will 
have  to  be  evaporated  in  place  of  about  an  equal  evaporation 
of  the  boiler.  For  wood  burning  there  should  be  fully  half 
more  area  of  grate  openings  and  the  boiler  should  be  50  to 
75  per  cent,  higher  above  the  fire,  and  the  flue-chimney 
capacity  should  be  about  twice  as  much  as  for  coal.  With 
natural  draft  and  dry  wood  20  to  25  lb.  of  wood  should  be 
burned  per  hour  per  square  foot  of  grate,  and  with  forced 
draft  40  to  50  lb. 


Water-Meter  Correction — What  corrections  must  be  made 
to  the  readings  of  a  hot-water  meter,  calibrated  to  read  in 
pounds    at    170    deg.    F.,    but    used    with    water    at    100    deg.    F.? 

J.  A.  P. 
The  weight  of  any  unit  of  volume  of  water,  as  a  cubic 
foot,  at  a  temperature  of  100  deg.  F.,  is  62.02  lb.  and  at  170 
deg.  F.  the  weight  is  60.77  lb.  Therefore,  readings  of  a 
water  meter  which  is  calibrated  for  170  deg.  F.,  are  cor- 
rected (for  equivalent  weight  of  water)  when  the  water  Is 
at  100  deg.  F.,  by  multiplying  by  the  fraction 
62.02 

or   1.0206  as  a   correction  factor 

60.77 


Smolie  RiuB'N — A  locomotive  or  traction  engine  after 
standing  idle  will  often  emit  lings  of  smoke  for  a  few  revo- 
lutions   when    started.      What    is    the    cause? 

E.   P. 

Rings  of  smoke  and  steam  are  formed  by  a  full  sharp 
exhaust  which  occurs  more  frequently  when  the  link  valve 
gears  are  full  jear  forward  or  backward.  The  exhaust  and 
smoke  are  rolled  up  against  the  inside  of  the  stack  and, 
especially  when  discharged  from  a  straight  stack  with  a 
contracted  outlet,  are  discharged  in  rings.  A  paste-board 
box  filled  with  smoke  will  vent  rings  through  a  clear  round 
hole  in  the  box  by  sharply  tapping  the  sides  of  the  box, 
which  shows  that  the  ring  is  formed  by  sharp  puffs  being  re- 
tarded   by    the    edge    of    the    opening. 


Compressine  Air  wltli  Pan — What  is  the  limit  to  which  air 
can  be  compressed  with  a  centrifugal  fan?  Is  it  possible  to 
store  up  air  in  a  tank  by  means  of  a  fan  at  a  pressure  of  4 
or  5  lb.? 

W.    A.    M. 

The  commercial  limit  of  pressure  by  fan  blowers  of  ordin- 
ary construction  is  about  16  oz.  or  1  lb.  per  sq.in.  The  action 
of  fan  blowers  is  by  free  inlet  and  the  accumulation  of  pres- 
sure, being  by  centrifugal  effect  resulting  from  high  rotative 
velocity,  the  present  methods  of  construction  will  not  admit 
of  practical  velocities  necessary  for  higher  pressure  than  16 
oz.  as  above.  It  is  not  practicable,  therefore,  to  store  up 
4  to  5  lb.  per  sq.in.  pressure  with  a  fan  blower.  However, 
belt  driven,  positive  pressure  blowers  or  turbo-compressors 
can    be    used    for    the    purpose. 


Water  in  .\ir  Line — We  have  considerable  trouble  from 
water  in  our  compressed-air  line.  What  can  be  done  to 
avoid    it? 

F.    T. 

The  trouble  results  from  moisture  taken  in  with  the  air 
supply  to  the  compressor.  The  inlet  should  be  removed  from 
a  moist  atmosphere  such  as  that  of  a  kitchen  or  laundry. 
Any  compressed-air  line  should  be  run  without  pockets  in 
the  line  and  should  be  pitched  downward  away  from  the 
compressor  with  drip  cocks  at  the  lowest  points  for  draining 
the  line  when  necessary.  A  remedy  for  removing  moisture 
from  atmospheric  air  taken  into  the  compressor  would  be  to 
draw  the  air  through  box  conduits  of  wood  nearly  filled 
with  lime,  having  the  boxes  made  with  loose  covers  remov- 
able for  drying  out  the   lime  at   intervals. 


Sa-i'ine  by  Feed  Heatin;;: — What  horsepower  will  be  saved 
if  30,000  lb.  of  water  per  hour  at  259  deg.  F.  is  returned  and 
mixed    with   the   feed   water   at   218   deg.? 

W.    D. 
The   heat   units   realized   would   be 

259  —  218    =    41   B.t!u,   per   lb. 
and   this,   multiplied   by   the   number  of  pounds,   would   be 

30,000  X  41  =:  1,230,000  B.t.u.  per  hr. 
In  converting  the  feed  water  into  steam  and  by  employing 
an  engine  to  convert  this  into  useful  work,  a  large  percent- 
age of  the  heat  units  would  be  lost.  The  usual  boiler  horse- 
power consisting  of  the  evaporation  of  34%  lb.  of  water  from 
and  at  212  deg.  F.,  or  equivalent,  is  equal  to  the  djevelopment 
of  33,479  B.t.u.  per  hour,  and  therefore  the  boiler  horsepower 
which  would  be  saved  would  be 
1,230,000 

=   36.7   boiler  hp. 

33,479 
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1  +  co(  45°  mi  30° 


Trigonometry — VI 

IjAst  Lesson's  Answers 

21.     As  the  cotangent  of  any  angle  is  equal  to  its  cosine 
vidod  by  its  sine 

cos  (A  +JJ} 
sin  (A  +  B) 
I'cfore,  from  equations  13  and  11 

ros  A  cos  B  —  sin  A  sin  B 


cot  15°  = 


cot  30°  —  cot  45° 
1 


cot  {A  +  B)  = 
m  equat 
cot  {A  +  />')  = 


sin  A  cos  B  +  cos  A  sin  B 

vidin<r  the  luuiicrator  and  denominator  of  the  second 

•ni  by  sDi  .1   sin  B, 

cos  A  cos  R      sin  A  sin  B 

,  ,  ,    ,    nx       *'w  A  sin  B      sin  A  sin  B 

cot  (A  +  B)  =  ~^~-. g -. — -. — i, 

s\n  A  cos  B      cos  A  sin  B 

sin  A  sin  B       sin  A  sin  B 

nceling  and  substituting  the  cotangent  for  the  cosine 
rided  liy  tiie  sine, 

cot  A  cot  B  —  1 


As 


cot  {A  +  B)  = 


cot  (A  —  B) 


cot  B  -\-  cot  A 

cos  (A  —  B) 


(i:) 


sin  {A  —  B) 
n\\  equations  1 1  an  1 2 

in  A  sin  B  +  cos  A  cos  B 


rot  (A  —  /I)  = 


sin  A  cos  B  —  cos  A  si)i  B 


Given  cot  45°  =  1  and  Ian  30°  =  -    .    Then  cot  30°  = 

V  3 

V  3.     Substituting 

V  3  —  1  V  3  —  1 

which  also  agrees  with  the  table  and  incidentally  proves 
(as  it  should)  that  the  tangent  of  an  angle  is  equal  to  the 
cotangent  of  its  complement,  for  75°  -\-  15°  =  90°. 

25.     Required  an  expres.  ion  for  tan  (A  -\-  B)  —  tan 
(A  —  B).    Combining  equations  15  and  16 
tan  {A  +  B)  —  tan  {A  —  B)  = 
tan  A  -\-  tan  B         tan  A  —  tan  B 
1  —  fan  A  tan  B       1  +  tan  A  tan  B 

Reduced  to  a  coninum  denoniinator  tiic  second  term  be- 
comes 

/  {tan  A  +  tan  B){\ -\-  tan  A  tan  B)  —  {tan  A  —  tan  B)  \ 

=  V (1  —  tan  A  tan  B) ) 

(1  —Tan  A  tan  B){1  +  tan  A  tan  B) 
which  furtlier  reduces  so  that 

,  ,,,,,,  ,  /  ,  t.N  2  tan  B  +  2  tan-  A  tan  B 
tan  {A  +  />)  -  /..  {A  -  B)  =  -^  .,,,„.,,,„,.  g 

Dividing  the  numerator  and  the  denominator  of  the  sec- 
ond term  by  tan  A  fan  B,  and  substituting  the  cotangent 
for  the  reciprocal  of  the  tangent 


;ain  dividing  the  numerator  and  denominator  of  the      fan  (A  -\-  B) tan  (A B)  = 


2  {cot  A  +  tan  A] 


ond  term  1)V  sin  A  sin  B 


cot  A  cot  B- — tan  A  Ian  B 


cot  {A  —  B) 


sin  A  sin  B  cos  A  cos  B 

sin  A  sin  B  sin  A  sin  B 

sin  A  cos  B  cos  A  sin  B 

sin  A  sin  B  sin  A  si7i  B 


Functions  of  the  Sum  and  Difference  of 
Angles  CoNcuDEn 

On  account  of  the  importance  of  the  equations  derived 
in  this  and  the  two  preceding  lessons  and  hence  more  or 


nceling  and  suitstituting  the  cotangent  for  the  cosine      less  .^ejiarated,  they  are  here  recapitulated  where  they  may 


ided  bv  the  sine, 


cot  {A  —  B)  = 


1  +  cot  A  cot  B 


cot  B  —  cot  A 

23.     From  ccpuitioii  l')  (last  lesson) 

tan  :5()°  -I-  tan  45° 


(18) 


tan  75°  = 


1 


1  —  tan  30°  tan  45° 


ven  fan  30°  =  — ^  and  ctit  45°  =  1.    Tlie  tangent  and 

V  3 
angent  Ijcing  rcciproi-als  tan  45°  ^  1  also.     Xow  sub- 
tnting 


i75° 


1 
73 


+  1 


1  +  V  3 

V"3  1  +  VI 


1 Lxl       ^3-1       V3-1 

V3  VI? 


=  3.7321 


ich  agrees  with  the  value  given  in  the  table  in  Lesson 
24.     From  equation  18 


be  more  easily  referred  to  when  subsequently  needed. 

sin  (A  +  B)  =  sin  A  cos  B  +  cos  A  sin  B  (11  ) 

sin  {A  —  B)  =  sin  A  cos  B  —  cos  A  sin  B  (12) 

cos  {A  -\-  B)  =  cos  A  cos  B  —  sin  A  sin  B  (13) 

cos  (A  —  7?)   =  cos  A  cos  B  +  sin  A  sin  B  (14) 
tan  A  +  tan  B 

'""  (-^  +  ^)  =  l-f.anAf:^B  ^''^ 

tan(A-B)='^2f~/T—^  (16) 

1  +  tan  A  tan  B 

,  ,  ,    ,    „,       cot  A  cot  B  —  1  ,,  „. 

^"^('^+^)=    cot  B^  cot  A  (1^) 

cot  A  cot  B  +  1  „  „. 

cot{A-B)^    .o^ig-.o^^  (^^) 

Functions  of  Double  and  Half  Angles 

From  the  equations  just  given  may  be  easily  deduced 
the  functions  of  angles  which  are  of  double  or  half  the 
number  of  degrees  of  any  given  mgle.     The  functions  of 
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all  (Iduble  angles  are  found  directly  by  making  angles  A 

and  P>  equal.     Then  equations  11,  13,  15  and  17  become. 

res]iectively 

sin  2  A  =  2  sin  A  cos  A  (li') 

cos  2  A  =  COS-  A  —  siii^  A  ("v") 

(also  equal  to  2  cos"  A  —  1,  or  1  —  3  sin-  A,  by  equation 

1,  Lesson  III), 

2  fan  A  ,.,,. 

tan  2  A  =  :; ,   .„    ^  (-l) 


oof  2  A 


1  —  fan"^  A 

'■or-  A  —  1 


2  cot  A 
From  equation  20  (one  of  its  alternati\e  forms) 

2  sin-  A  =   I  —  cos  2  A 
Dividing  by  2  and  extracting  the  square  root 


(22) 


sin  A  =  ±  V  H^  —  '■"«  ~--^) 
Since  A  is  any  angle  one-half  of  it  (1/2  .1)  may  be  sub- 
stituted for  it,  when  the  last  equation  becomes 

sin  ^A  =  ^  V  i  (1  —  cos  A)  (23) 

(The  sign  ±,  plus  or  minus,  always  goes  before  an 
expression  for  square  root,  as  either  a  product  of  minus 
and  minus  or  plus  and  plus  will  give  a  plus  product,  but 
for  any  one  of  these  functions  having  the  sign  ±  before 
it,  the  function  is  -f  if  the  angle  A  is  less  than  180°). 
Also  from  equation  20 

3  cos-  A  =  I  -{-  cos  2  A 

and  similarly  as.  before.  

cos  ^  ^I  =  ±  VI  (1  +  cos  A)  (2t) 

The  tangent  being  equal  to  the  sine  divided  by  the 


fan 


A 


cos  5  A 
and,  expressions  having  just  been  found  for  these, 

fan  i  J  =  =fc  — J  ^  -" 


V  HI  +  ('OS  •^) 


which  reduces  to 


fan  HI  ==^  >jj- 


—  cos  A 


+  cos  A 
and,  the  cotangent  being  the  reciprocal  of  the  tangent. 


(25) 


cot  i  .1  =  ± 


h   -[,  cos  A 
\  1  —  COS  A 


(20 


Study  Questions 


26.  Given  sin  45°    =   14   V  2  find  the  sine,  cosine, 
tangent  and  cotangent  of  22  deg.  30  niin. 

27.  Deduce  an  expression  for  the  sine  of  the  sum  of 
three  angles. 

28.  Deduce  an  expression  for  sec  {A  -\-  B). 

29.  Deduce  an  expression  for  sin  3  A. 

30.  Given  tan  30°  =  -— r^  find  the  sine,  cosine,  tangent 

V  3 
ajid  cotangent  of  60  deg. 


Oswego  Faotories  Plan  BIk  Po«"er  Merffcr — Plans  for  con- 
centration of  all  water-power  interests  along  the  Oswego 
River  are  completed,  according  to  an  announcement  made  by 
George  CofUng  Warner,  of  New  York,  president  of  the  Pulton 
Light,  Heat  &  Power  Co.,  Fulton,  N.  Y.  The  plan  provides 
for  supplying  electrical  current  to  operate  factories  which 
now  are  depending  upon  waterwheels  for  power.  The  project 
will  be  capitalized  for  more  than  $2,500,000. 


OVER  THE  SPILLWAY 

JUST     JESTS,      JABS.      JOSHES      AND     JUMBLES 


A  young  woman  has  asked  New  York  police  headquarters 
for  a  fireman's  license;  says  she's  been  firing  and  oiling  (or 
three  years.  This  generation  is  sure  producing  some  mighty 
manly  young  women.  Perhaps  the  prevailing  styles  in  over- 
alls will  undergo  a  decided  change.  Haberdashers,  please 
answer. 

"Save  the  man  ot  40!  He  is  more  important  to  the  com- 
munity than  the  baby."  says  a  high  forehead.  Whatcha  mean, 
the  babies  can't  holler?  And  where  are  we  going  to  get 
those  40-year-olds  40  years  from  now  if  we  frown  down  the 
infant  industry?     It  can't  be  done! 

This  eugenics  thing  has  been  given  a  jolt  by  Prof.  Coulter, 
of  Chicago  University.  "Innate  delicacy  and  common  sense 
are  causing  a  revulsion  of  feeling  touching  eugenics."  The 
eugenists  might  turn  their  attention  to  poultry,  or  horses,  or 
dogs,  with  good  results,   but   humans! 

There's  nothing  slow  about  Philadelphia  when  it  can  have 
an  electric-cable  explosion!  Wish  we  could  get  more  par- 
ticulars. Was  it  due  to  a  short  circuit  between  high-voltage 
ammonia  pipes  and  low-voltage  superheated  steam  mains? 
Or  perhaps   some  brute  jabb"d   it  with  a  needle. 

Speaking  of  the  evils  of  smoke  pollution,  it  was  recently 
said  that  "the  functional  efficiency  of  the  visual  naso-pharyn- 
geal,  pulmonary,  gastro-intestinal  and  neural  mechanisms  may 
be  disabled  by  constant  irritation  by  smoke  particles."  Yes, 
and  even  the  eyes,  nose,  lungs,  stomach  and  nerves  are  some- 
times equally  affected. 

Gol'  darn  if  those  Boston  Power  Show  boosters  aren't  at 
it  as  if  the  big  noise  came  off  in  January  instead  of  Apr.  27! 
Wish  we  could  go.  We'd  dig  down  to  Mrs.  Atkinson's  first 
thing  for  a  plate  of  beans  and  brown  bread,  and  then  we'd 
sneak  up  the  alley  to  the  "Bell  in  Hand"  and  have — well, 
we'd  not  get  it  in  a  plate.  But  mebbe  these  oldtime  hang-outs 
are  now  ancient  history?  Then  we'd  make  tracks  for  the 
old  Revere  House  and  hunt  up  a  Commercial  Engineer. 
Feller,  you  can't  stump  your  Uncle  Billy? 

Mister  Fra  Hubbard  (no  relation  of  old  Mother  Hubbard) 
has  recently  been  heaping  praise  upon  the  heads  of  Dr. 
Steinmetz,  Samuel  Insull  and  Henry  Doherty.  The  Fra 
is  some  heaper  when  it  comes  to  praise,  but  these  three  men 
deserve  it,  which  is  not  always  the  case. 

"An  accident  happened  to  a  steamer  shortly  after  leaving 
Habana,"  says  a  Cuban  correspondent.  "The  next  day  a  local 
paper  had  the  following  account  of  the   occurrence: 

"  'Yesterday  the  steamer  "X"  left  port  en  route  for  San- 
tander  and  Corunia  but  returned  just  at  nightfall  owing  to 
an  accident  to  her  machinery.  The  chief  engineer  informed 
our  representative  that  the  main  steam  valve  had  slipped  and 
bent    the    low-pressure    cylinder.'  " 

My  word,  old  top,  if  you  feel  you  have  a  liver,  when 
readin'  the  awf'ly  dry  reports  of  meetin's  in  the  States,  you'll 
jolly  well  be  refreshed  by  an  account  of  a  Local  Govern- 
ment   Board    meetin'   at    hoine: 

"The  profits  of  the  gasworks  were  nearly  £13.000."  says 
Mr.    Ekin. 

"Fiddlesticks!"  says  Mr.  .Smith,  who's  a  sassy,  not  to  say 
profane   man. 

Then  a  knowin'  Johnny  says  the  illumination  power  won't 
reduce   below    15    candles. 

Then  Smithie  says,  right  out,  you  know:  "What  is  to  be  the 
calorific    power?" 

"In    what?"    asks    old    chap    Ekin. 

"In  Board  of  Trade  units."  says  .Smithie.  .\nd  then  the 
whole  meetin'  began  lawfing  and  chawfing—  and  a  few  tit- 
tered.   Absolutely! 

And  then  Ekin  goes  off  his  chump  and  says:  "Board  of 
Trade  units  in  a  gas  plant!    Rubbish!   Sit  down!" 

And  then — well,  that's  all,  dear  boy,  but  isn't  it  a  bit  of 
home,    eh    what?      Quite   so! 
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Further  Operation  of  Large  Delray  Boilers^ 


By  ■!.  W.  1'.\i;ki:i! 


fNOPSIS — During  two  years'  operation  of  seven  of 
ese  boilers  only  two  tubes  have  had  to  be  replaced  and 
e  boilers  have  been  ready  for  service  95  per  cent,  of  the 
me,  or  100  per  cent,  of  the  time  during  peak-load  pe- 
7ds.  As  high  as  11,000  Iw.  has  been  carried  on  a  single 
Her  for  over  an  how. 

At  the  December.   1011.  meeting  of  the  society,  Dr. 

S.  Jacohii.«  presented  a  paper*  giving  the  results  of 
e  first  performance  tests  on  the  2365-hp.  Stirling  boil- 
s  at  the  Delray  generating  plant  of  the  Detroit  Edison 
D.     At  the  time  of  his  tests  three  of  these  boilers  were 

service,  one  having  been  run  about  18  months  and  the 
hers  nine  months.     Since  that  time  six  more  of  the 
pe  have  been  installed. 
The  causes  which  might  take  boilers  out  of  commission 

times  when  they  are  needed  for  service  are  being 
iminated.  The  boiler  itself  need  be  no  hazard.  Fittings 
ul  flanged  joints,  if  properly  watched  and  followed  up, 
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J  iKit  cause  shutdowns.  The  same  is  true  of  the  tubes, 
hich  are  seamless.  From  Oct.  15,  1912.  to  Nov.  1,  1913, 
lere  have  been  but  two  tubes  replaced  in  seven  boilers 
hose  average  age  is  two  years.  One  front  tube  was  taken 
nt  after  the  discovery  of  a  small  bag  next  to  the  fire, 
hich  was  found  during  a  periodical  in.spection.  The 
;her  was  spoiled  by  a  mishandled  turbine-tube  cleaner. 
The  plant  is  using  about  8  per  cent,  of  makeup  water, 
nd  a  sulphate  scale  about  -^-^  in.  thick  forms  in  the  hot 
-ont  tubes.  These  front  surfaces  are  worked  exceedingly 
ard  and  scale  of  even  iV  in.  thickness  may  make  trouble. 
.  soft  piece  of  mud,  lodging  on  top  of  the  hard  scale  is 
kely  to  cause  a  small  bag.  This  trouble  can  occur  only 
3  the  lower  bends  of  the  first  row  of  tubes,  where  loose 
irt  sometimes  lodges.  Tube  trouble  will  be  practically 
liminated  by  the  use  of  pure  water.  The  makeup  water 
;  now  river  water,  treated  with  enough  barium  hydrate 
3  neutralize  the  sulphate  content.  The  percentage  of 
lakeup  can  be  reduced  to  between  2  and  3  per  cent,  by 
voiding  the  necessity  of  blowing  down  boilers.  It  is 
eriously  contemplated  to  use  distilled  water  for  makeup, 
^'here  seems  to  be  a  lack  of  evidence  that  distilled  water 
3  of  itself  corrosive,  but  to  safeguard  against  any  pos- 
ible  boiler  corrosion,  enough  soft  scale-forming  material 
k'ould  be  introduced  into  the  feed  water  to  cover  the  heat- 
ng  surface  with  a  thin  protecting  f^cale. 

tProm  paper  read  at  annua)  meeting  of  the  A.  S,  M.  E. 
•See  "Power,"  Dec.  5,  1911. 


Stokers 


Eepairs  ordinarily  made  on  the  stokers  arc  the  replacic- 
ment  of  tuyeres,  dump  plates,  etc.,  which  have  burned 
out.  There  have  been  cases  of  sudden  stoker  breakdown, 
sometimes  occasioned  by  the  introduction  of  chunks  of 
iron  or  wood  into  the  stoker  rams,  along  with  the  coal. 
Also,  there  have  occurred  once  or  twice,  serious  burn- 
outs of  tuyeres  and  other  grate  surfaces  extending  over  an 
area  of  5  or  6  sq.ft.  In  these  instances  the  fire  was  banked 
on  the  side  of  the  furnace  where  the  trouble  existed  and 
the  other  half  of  the  furnace  operated  to  get  half  capac- 
ity from  the  Iwiler. 

Reliability 

To  sum  up,  our  experience  has  been  this:  The  boilers 
were  ready  for  service  95  per  cent,  of  the  time  considered ; 
they  were  ready  98  per  cent,  of  the  five  full-load  days  of 
tlie  week ;  and  ready  for  service  100  per  cent,  of  the  time 
during  the  peak-load  periods.  It  is  to  be  assumed  that 
the  boilers  must  be  down  for  ten  days  or  two  weeks  at 
nine-  or  ten-month  intervals  for  cleaning  and  a  general 
overhauling  of  stokers  and  brickwork. 

The  Detroit  Edison  Co.  is  now  building  a  power  plant 
to  contain  six  20,000-kw.  turbines  served  by  12  of  these 
23G5-hp.  boilers,  which  is  two  boilers  to  one  turbine,  with 
no  .spares,  or  10,000  kw.  per  boiler.  Although  the  chances 
of  losing  the  capacity  of  any  boiler  by  a  forced-  shutdown 
are  remote,  they  have,  nevertheless,  been  considered.  At 
normal  full  load  on  a  given  turbine  unit,  the  two  boilers 
will  operate  at  approximately  191  per  cent,  of  rating 
based  on  10  sq.ft.  of  heating  surface  per  boiler  horse- 
power. If  with  six  boilers  running  at  this  rating,  one 
boiler  should  go  completely  out  of  commission  the  other 
five  would  have  to  carry  the  entire  load  of  60,000  kw. 
and  thus  operate  at  235  per  cent,  of  rating,  which  is  per- 
fectly possible.  Ag  a  matter  of  fact,  the  settings  and 
auxiliaries  are  being  designed  to  allow  of  continuous  op- 
eration at  355  per  cent,  of  rating,  which  would  enable 
three  boilers  to  take  the  full  load  of  four,  that  is,  40,000 
kw.  Very  recently,  one  of  the  Delray  boilers  was  isolated 
from  the  rest  of  the  plant  with  a  15,000  kw.,  seven-stage 
Curtis  vertical  turbine,  and  over  11.000  kw.  was  carried 
for  an  hour  without  difficulty. 

The  overall  boiler  and  furnace  efficiency  of  one  of  the 
Taylor  stoker-fired  units  is  shown  by  Fig.  1.  The  curve 
has  a  gradual  slope  from  80  per  cent,  efficiency  at  93 
per  cent,  of  rating,  to  76  per  cent,  efficiency  at  214  per 
cent,  of  rating.  It  is  economical,  therefore,  to  run  as 
many  boilers  as  possible  at  about  90  per  cent,  of  rating 
when  the  plant  load  is  light,  and  then  carry  the  peak  by 
increasing  the  rating  on  the  boilers.  This  is  our  present 
practice,  which  is  very  convenient  in  summer  when  pro- 
vision must  be  made  for  a  sudden  peak  dne  to  a  thunder 
storm. 

FiRE-Eooii  Operatiox 

The  plan  i?  for  one  man  to  operate  two  stokers,  and  in 
addition,  to  have  a  head  fireman  in  charge  of  from  six 
to  eight  units,  whose  duty  it  is  to  oversee  all  the  fires, 
and  give  assistance  to  any  fireman  who  needs  help.  On 
tlu'  gage  board   are  mounted   steam   gages   showing  the 
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essure  at  the  superheater  inlet  and  outlet  and  draft 
ges  showing  the  air  pressure  under  tlie  fire,  draft  at  tlie 
mper,  and  draft  at  the  top  of  the  combustion  chamber, 
lere  is  also  on  this  board  the  record  dial  of  a  CO^  meter. 
\e  meter  itself  is  mounted  on  a  gallery  15  ft.  above  the 
iler-room  floor  in  a  position  central  to  four  boilers. 
)ur  samples  of  gas  are  drawn  from  one  furnace,  auto- 
atically  mixed,  and  the  resulting  analysis  is  recorded 
lere  the  fireman  can  watch  it. 

A  water  tender  stationed  on  a  gallery  at  the  top-drum 
.'el  feeds  the  boilers,  but  the  fireman  does  everything 
!e  in  the  way  of  operation.  The  dampers  are  shifted  at 
e  control  point,  and  the  throttles  of  the  blower  turbines 
0  extended  through  the  floor  near  the  gage  board.  The 
Dkers  are  motor  driven  and  one  of  the  controllers  is 
?ated  on  a  steel  column  6  ft.  away  from  the  gage  board ; 
e  other  could  have  been  brought  .around  also,  but  it  was 
ought  unnecessary,  since  a  man  must  walk  around  to 
e  stoker  on  the  distant  side  to  watch  it  and  to  study 
5  fire.  The  control  point  of  the  opposite  boiler  is  lo- 
ted  just  across  the  aisle  from  the  first. 
The  whole  idea  is  to  employ  the  most  expert  firemen 
d  give  each  man  control  of  the  burning  of  a  very  large 
lount  of  coal.     It  is  economical  to  employ  a  fine  type 

man  and  pay  him  an  expert's  pay.  The  present  first- 
iss  fireman's  pay  is  40c.  an  hour  and  he  is  well  treated 

to  vacation  and  sick  leave.  These  men  are  given  the 
nefit  of  whatever  boiler  testing  is  done,  and  a  force  of 
emen  is  being  built  up  that  can  obtain  remarkable  re- 
Its  with  their  fires.  At  the  same  time  the  unit  cost  of 
ing  is  unusually  low. 

At  the  end  of  each  firing  aisle  is  mounted  a  large  pilot 
lam  gage.  The  dial  is  graduated  in  divisions  of  1^ 
,  on  its  circumference  but  with  no  figures,  and  each 
lie  division  registers  1  lb.  per  sq.in.  It  is  found  and 
irked  at  just  what  point  on  this  sensitive  gage  the 
iler  safety  valves  will  lift  and  the  steam  pressure  is 
rried  accordingly.  On  the  same  gage  board  with  the 
lot  gage  are  a  clock  and  the  dial  of  a  load  indicator, 
eratcd  from  the  switchboard  gallery,  indicating  the 
id  on  the  entire  plant  in  kilowatts.  In  handling  his 
es,  the  fireman  is  guided  first  by  steam  requirements, 

shown  by  the  pilot  gage,  and  a  steam-flow  meter.  The 
■  pressure  under  the  fire  and  the  stoker  speed  are  con- 
)!led  by  hand. 

The  stokers  are  driven  by  direct-current  iuterpole 
jtors  having  a  speed  control  by  field  resistance  of  four 

one,  and  with  18  running  points  on  the  controllers, 
dicating  dial  tachometers  are  being  installed  on  the 
)ker  shafts,  so  that  the  stoker  speed  for  a  given  load 
ly  be  watched  carefully. 

As  to  furnace  conditions,  the  firemen  must  judge  by 
3  COo  recorder,  by  the  amount  of  air  pressure  neces- 
•y  for  any  given  boiler  load,  and  also  by  the  color  of  the 
?es  as  they  pass  over  the  first  baffle  and  enter  the  top 

the  superheater  pass.  A  reflecting  observation  de- 
■e  for  this  is  at  present  being  tried  out,  which  allows 
?  fireman  to  look  into  the  Ijoiler  pass  from  a  position 
ar  his  gage  board. 

AlTTOJIATIC    vs.    H.ANn   CoXTliOL 

As  for  feeding  the  boiler,  a  skillful  water  tender  learns 
t  to  touch  the  feed  valve  except  at  rare  intervals  and 
en  the  load  on  the  plant  becomes  steady,  the  steam  flow 
continuous  also.     One  automatic  feed-water  regulator 


was  tried  out,  but  was  not  a  success,  due  largely  to  a 
peculiarity  of  this  type  of  boiler.  On  account  of  the 
rapid  circulation,  the  water  iu  the  top  middle  drum 
stands  at  times  3  ft.  or  more  above  that  in  the  two  outside 
drums,  althougli  the  three  are  connected  with  water-cir- 
culating tubes  as  well  as  by  steam  circulators  and  the 
main  boiler  tubes.  The  water  columns  are  piped  to  the 
center  drum,  there  being  often  no  indication  of  water 
whatever  in  the  outside  drums.  Under  these  conditions 
it  is  easy  for  a  feed-water  regulator,  automatically  at- 
tempting to  hold  a  constant  level  in  the  center  drum,  to 
get  into  difficulties  whenever  the  demand  for  steam 
varies  sharply.  When  the  steam  demand  decreases  slight- 
ly, the  water  level  may  fall  possibly  an  inch,  being  very 
sensitive.  If  the  regulator  immediately  opens  and  starts 
feeding  more  heavily,  the  circulation  will  be  still  further 
decreased,  and  then  the  water  level  will  fall  lower  and  the 
regulator  feed  still  more  heavily.  The  steam  output  of 
the  boiler  will  decrease  rapidly  with  this,  until  the  regu- 
lator begins  to  close  again.  The  steam  output  will  now 
begin  to  increase  and  the  water  level  rise  also  and  present- 
ly close  the  regulator  entirely ;  a  typical  "hunting"  action 
is  thus  set  up. 

It  is  not  desirable  to  substitute  au  automatic  air  and 
stoker  control  if  a  better  CO2  chart  cannot  be  shown 
thereby.  The  danger  is  that  the  fireman  will  rely  on 
the  automatic  device,  rather  than  study  conditions  and 
control  his  fire  intelligently.  With  the  present  hand  con- 
trol, excellent  furnace  conditions  are  being  obtained  and 
held.  Observation  of  the  furnace  gases,  as  they  enter  the 
superheater  pass  from  the  top  of  the  combustion  cham- 
ber, shows  that  the  combustion  of  volatile  gases  is  entirely 
complete  and  that  the  operation  is  consequently  smoke- 
less. At  the  same  time,  the  CO2  charts  show  remarkably 
good  results,  15  per  cent,  of  CO,  being  very  common,  the 
average  being  about  13.5  to  14  per  cent. 

Good  conditions  are  most  often  disturbed  by  the  pe- 
riodic dumping  of  the  ash  and  refuse  from  the  stokers. 
There  is  now  being  tried  out  a  continuous  dumping  de- 
vice, a  revolving  grate,  which  bids  to  be  very  successful. 

Settintg  Repaiks 

The  settings  of  the  boilers,  fired  with  Taylor  stokers, 
consist  simply  of  four  walls  without  arches  or  bridge- 
walls.  The  only  brick  repairs  necessary  thus  far  have 
been  the  annual  rebuilding  of  part  of  both  front  walla 
extending  from  the  stoker  to  the  mud  drum  of  the  boilers. 
The  end  walls  give  no  trouble  when  carefully  bonded 
to  the  facebrick  of  the  setting. 

The  most  educative  experience  with  brickwork  has  been 
had  with  the  Eoney  stoker  settings  and  their  furnace 
arches.  At  first  we  had  sprung  arches  under  each  mud 
drum  with  a  central  wall  intersecting  the  bridge-wall  at 
right  angles.  These  pulled  themselves  out  of  shape,  how- 
ever, and  we  now  use  a  single  continuous  "flat  arch" 
under  the  mud  drum,  built  of  firebrick  shapes  hung  from 
cast-iron  rail  beams.  For  these  shapes  a  special  brick 
had  to  be  made  of  an  exceedingly  loose  texture  obtained 
by  mixing  sawdust  with  the  clay  before  molding.  Ujion 
burning  in  the  kiln,  this  sawdust  burned  out,  leaving  the 
brick  very  porous. 

Limitations  of  Boilees 

As  at  present  installed,  these  boilers  present  certain 
limitations  to  being  driven  at  much  higher  rates  than  al- 
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ready  obtained.  Fhsi,  iu  burning  West  Virginia,  long- 
flaming  bituminous  coal,  it  is  probable  that  at  about  275 
per  cent,  of  rating  the  flames  will  reach  the  top  of  the 
combustion  chamber,  which  is  28  ft.  high.  As  soon  as 
uncombined  combustible  gases  get  over  into  the  super- 
heater pass,  the  overall  efficiency  of  the  unit  will  drop, 
and  smoke  will  bej^in. 

If  the  boilers  iu  future  installations  are  set  much  higher 
another  difficulty  will  arise,  although  this  is  not  so  seri- 
ous. Either  more  stack  draft  must  be  provided,  or  a 
pressure  will  be  developed  at  the  top  of  the  combustion 
chamber,  and  the  brick  setting  at  this  point  must  be 
built  gas-tight. 

Another  limitation  is  the  drop  in  pressure  through 
(he  superheater,  the  automatic  check  valves  and  the  stop 
valve.  At  210  per  cent,  of  rating  on  one  boiler,  the  drop 
in  pressure  through  the  superheater  is  21  lb.,  whicli  in- 


cludes the  pressure  drop  through  the  automatic  check 
valves,  but  not  that  through  the  main  stop  valve.  At  255 
per  cent,  of  rating  it  would  be  considerably  more.  Since 
the  pressure  on  the  steam  mains  must  remain  constant,  a 
pressure  must  be  carried  on  the  saturated  steam  drums 
of  the  boiler  of  21  lb.  more  than  at  the  superheater  outlet, 
when  running  at  810  per  cent,  of  rating. 

Effkct  ox  TriiKs 

As  for  the  effect  on  the  front  tubes  of  the  type-W 
boiler,  of  running  at  very  high  rates  of  evaporation,  it 
has  been  found  that  the  tubes  have  shown  no  evidence  of 
injury  due  to  the  hard  driving.  One  thing  is  certain, 
however,  and  that  is  these  tubes  must  be  kept  clean.  As 
previously  stated,  scale  which  ordinarily  would  give  no 
trouble,  has  possibilities  for  mischief  under  the  condi- 
tions of  harder  driving. 


Cost  of  Steam  and  Gas  Power  Equipment 
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SYNOP^^IS — A  table  of  eqiiniions  deduced  from  manu- 
facturers' quotations  for  a  large  list  of  power-plant  equip- 
ment.   The  prices  are  all  f.o.h.  at  the  factory. 

As  a  rule,  selling  prices  of  machinery  are  carefully 
guarded  by  manufacturers.  The  author,  iinding  it  neces- 
sary to  use  such  prices  very  often  for  preliminary  esti- 
mates, sent  out  letters  to  several  hundred  manufacturers, 
asking  for  net  selling  prices.  The  majority  of  the  com- 
panies responded  with  confidential  price  lists.  These  lists 
were  carefully  tabulated  and  plotted,  and  it  is  hoped  that 
the  equations  deduced  from  these  plots  may  prove  of 
value  to  others.  The  complete  data,  including  tables  and 
plots,  will  probably  be  published  as  a  Imlletiu  of  the  En- 
gineering Experiment  Station  of  the  Kansas  State  Agri- 
cultural College. 

The  equations  in  the  table  are  arranged  iu  the  alpha- 
betical order  of  the  machinery  for  which  prices  are  given. 
The  prices  are  f.o.b.  at  the  factory,  and  do  not  include 
erection  costs.  There  are  many  varying  factors  entering 
into  erection  costs,  so  that  it  is  impossible  to  give  general 
estimates  which  may  be  regarded  as  accurate.  Some  manu- 
facturers quoted  the  following  erection  costs  for  high- 
speed engines: 


Engim 

sHp. 

,\pproximate  Erection  Cost  ii 

a  Dollars 

75 

125  to  150 

100 

ISO  to  200 

150 

200  to  300 

300 

300  to  400 

450 

400  to  450 

600 

400  to  600 

Prof.  C.  H.  Benjamin,  in  his  book  on  the  "Steam  En- 
gine," gives  the  following  formulas  for  the  costs  of  en- 
gine settings : 

1.  Setting  for  high-speed  engines.  Cost  in  dollars  = 
50  -f  0.75  (horsepower). 

2.  Setting  for  low-speed  engines.  Cost  in  dollars  = 
500  -f  1.3  (horsepower). 

Settings  for  water-tube  boilers  vary  from  $400  for  a 
100-hp.  boiler  to  about  $650  for  a  60d-hp.  boiler. 

In  the  case  of  internal-combustion  engines,  the  erection 
will  vary  from  7  to  15  per  cent,  of  the  total  cost  of  the  en- 
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gines.  The  erection  cost  of  large  engines  may  be  as  low 
as  3  per  cent,  of  the  cost  of  the  engine. 

Difficulty  was  experienced  in  developing  an  equation 
for  the  cost  of  stokers  which  would  be  applicable  ov6r  a 
wide  range,  as  the  size  of  stokers  for  the  same  boiler 
horsepower  varies  greatly  with  the  fuel  to  be  handled,  the 
available  draft,  and  other  conditions.  Also,  in  the  ca.se 
of  underfeed  stokers  which  include  a  forced-draft  equip- 
ment, the  cost  depends  on  the  number  of  boilers.  Thus 
a  quotation  of  $1055  was  given  by  one  concern  for  an 
underfeed  stoker  to  be  used  in  coiijection  with  one  125- 
hp.  fire-tube  boiler;  $1793  for  an  equipment  suitable  for 
two  boilers  of  the  same  size,  and  only  $6300  in  the  case 
of  eight  boilers.  A  manufacturer  of  front-feed  stokers 
quotes  $975  for  a  stoker  equipment  for  one  boiler,  and 
$1680  for  an  equipment  for  two  boilers.  The  equations 
apply  very  nearly  to  equipments  of  four  stokers,  or  to  a 
lesser  number. 

The  prices  in  the  case  of  condensers  are  based  on  a  cool- 
ing-water temperature  of  60  deg.  F.,  the  equations  are 
developed  with  reference  to  the  pounds  of  steam  con- 
densed per  hour. 

The  prices  for  internal-coinbu.stion  engines  include 
standard  equipment.  This  in  the  case  of  gaisoline  engines 
consists  of  a  battery,  gasoline  tank,  water  tank  or  cir- 
culating pump,  muffler,  and  all  pipes  and  fittings  needed 
for  the  ordinary  installation.  With  oil  engines,  oil  pump?:, 
heating  lamps  and  mufflers  are  supplied.  Also  with  an 
internal-combustion  engine  above  25  hf).  self-starting  de- 
vices are  usually  included. 

The  prices  on  oil  engines  include  such  internal-combus- 
tion engines  as  are  suitable  for  burning  very  heavy  oils. 
The  cost  of  oil  engines  suitable  for  oils  of  39  deg.  Be.,  or 
lighter,  does  not  differ  more  than  a  few  per  cent,  from 
that  for  gasoline  engines. 

The  capacity  of  producers  is  given  in  horsepower,  this 
being  based  on  a  producer  efficiency  of  75  to  80  per  cent., 
and  10,000  to  11,000  B.t.u.  per  brake  horsepower  per 
hour,  as  the  term  producer  horsepower  has  no  definite 
meaning  unless  it  is  based  on  the  B.t.u.  consumption  of 
the  internal-combustion  engine  to  which  the  gas  is  sup- 
plied.    Some  manufacturers  of  gas  producers  have  aban- 
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TABLE  OF  COSTS  OF  STEAM  AND  GAS  POWER-PLANT  EQUIPMENT 


Name  of  Apparatus 
riipressors 


Type 

Sinple  cylinder,  belt-driven 

Duplex,  belt-driven 

Compound,  belt-driven 

Single  cylinder,  steam-driven. 

Duplex,  steam-driven 

Compound,  steam-driven 

Vertical,  fire-tube 

Submerged  tubes,  100.1b.  per  sq.ii 

Full  length  tubes;    100  lb.  per  sq. in 

Horizontal,     fire-tube     cylindrica 

tubular,  100  lb.  per  sq.in.  or  less 


Portable  locomotive 

Vertical,  water-tube,  pressures  over  125  lb. 

per  sq.in 

Horizontal,  water-tube,  pressures  over  125 

lb.  per  sq.in 

Barometric  (28-in.  vacuum) 

Jet  condensers 


Capacity 

Up  to  4000  cu.ft.  per  min.. 
Up  to  S.W  cu.ft.  per  min.. 
Up  to  550  cu.ft.  per  min.. 
Up  to  350  cu.ft.  per  min. 
Up  to  600  c\i.ft.  per  min. 
Up  to    500  cu.ft.  per  min. 

Under  20  hp 

20  to  50  hp 

Up  to  50  hp 

Up  to  200  hp 

l"p  to  100  hp 

100  hp.  to  225  hp. 
Up  to  100  hp 


100  to  600  hp 

I' p  to  30,000  lb.  of  .steam  per  hr 

Up  to  30,000  lb.  of  steam  per  hour;  28-i 


2b-m.  vacuum 

L'p  to  35,000  lb.  of  steam  per  hr.; 

vacuum 

Up  to  30.000  lb.  of  steam  per  hr. ; 


cononnzers. 


Jumber  of  tubes  32  to  10,000,  heating  ! 
face  per  tube  =   ] 2  to  13  sq.ft 


ngine.s,  internal  combustii 


ngme.s,  steam. 


Gas  engines 

Gasoline  engines,  hit-and-miss  governor 

Gasoline  engines,  throttling  governor. .  . 

Oil  engines 

Producer  gas  engines,  American  mf g .  .  , 

Simple, 

Throttling  governor,  slide  valve,  vertical  Up  to  70  hp 
Throttlinggovernor, slide  valve, horizontal, 

Upper  limit  in  cost L^p  to  70  hp 

Lower  limit  in  cost Up  to  200  h] 

•Simple, 

Flywheel    governor,    piston    or    balanced 

slide  valve,  horizontal 

Automatic  cut-off,  single  valve,  vertical.  . 


Capacity  in  lb.  of  water  per  tube  =  60  to 

70 

Economizer  alone.  ... 
Economizer  erected . 

Up  to  300  hp 

Up  to  100  hp. . 
Up  to  75  hp... 
Up  to  400  hp. 
Up  to  300  hp. 


Equation  of  Cost  in  Dollars 

52  -(-  1.95  X  cu.ft. 
316  -I-  1.675  X  cu.ft. 
3.1  X  cu.ft. 
231  -1-2.32  X  cu.ft. 
460  -I-  2.55  X  cu.ft. 
71.25  -I-  4.025  X  cu.ft. 
49.2  +  0.66  X  hp. 
116.4  +  3.35  X  hp. 
51.5  -I-  3  62  X  hp. 

64  -I-  4.14  X  hp. 
5.8  X  hp.  —  20 
211  -I-  3.35  X  hp. 
121  +  5.68  X  hp. 

912  -I-  6.28  X  hp. 

149  -f  8.24  X  hp. 

1055  +  0.112  X  (lb.  steam  cond  ) 

11764-0.1138  X  (lb.  steam  cond.) 
116  -I-  0.0591  X  (lb.  steam  cond.) 

1630-1-  0.2038  X  (lb.  steam  cond.) 

'  413  +  0, 1015  X  (lb.  steam  cond.) 


S8  to  $10  per  tube 
S12  to  S15  per  tub 


per  tube 
33.6  X  hp.  —  115 
141  +  24.8  X  hp. 
309  -1-86.1  X  hp. 
63.8  X  hp.  —  316 
400  -I-  33.5  X  hp. 


leasing 


ans  and  blowers. . . 
Bed-water  heaters. 


Flywheel  governor,  Corhss 

valve,  horizontal 

Corliss  governor  and  valves,  horizontal . . 

Flywheel  governor,  multiple  flat  valves.. 
Cross  compound. 

Ball  governor,  single-valve,  horizontal. .  . 

Ball  governor,  single-valve,  vertical 

Flywheel   governor,   multiported   valves, 

horizontal 

Shaft     governor,     Corliss     non-releasing 

valves,  horizontal 

Tandem  compound. 

Flywheel  governor  and  slide  valves,  hori- 
zontal   

Flywheel  governor  and  slide  valves,  verti- 
cal   

Flywheel  governor,  Corliss  non-releasing 

valves,  horizontal 

Flywheel  governor,  multiple  slide  valves. 
Sizes  70  to  140  in 


Up  to  500  hp. 
Up  to  30  hp. 
30  to  150  hp. 


Up  to  600  hp. 
Up  to  400  hp  . 
300  to  900  hp 
Up  to  400  hp. 


Up  to  600  hp.. 
Up  to  600  hp.. 


Up  to  400  hp.. 
Up  to  140  hp.. 


Up  to  300  hp. . 
Up  to  500  hp. . 


enerators,  electric 


Direct  current  (voltage  110-250),  belted. 
Direct-C( 


otors,  electric Direct-ci 


Up  to  1500  boiler  hp 

1500  to  3000  boiler  hp.. 

Up  to  3000  boiler  hp 

Up  to  7  kw.  (1400  to  2300  r.p.ni.)  .  , 
10  kw.  to  300  kw.  (600  to  1400  r.p.n 
Up  to  300  kw.  (100  to  350  r.p.m.)  .  . 
300  to  1000  kw.  (moderate  speed)  , 
Up  to  300  kv.a.  (000  to  1800  r.p.m.) 
Up  to  300  kv.a.  (200  to  300  r.p.m.)  . 
250  to  2500  kv.a.  (100  to  250  r.p.m.) 
Up  to  1  -  5  hp.  (1400  to  2500  r.p.m.) 
1.5  to  30  hp.  (1000  to  1800  r.p.m.)  . 
30  to  100  hp.— Upper  limit  (500  to  800 
..). 


Alternating  current: 

Single-phase  (110-220  volts).  .• 
Belted;    polyphase    induction. 

Variable  speed 


Lower  limit — (800  to  1000  r. 

Up  to  10  hp. — LTpper  limit. 

Lower  limit 


roducer  plants,  gas . 
imps 


Suction 

Boiler  feed 

Single-cylinder,  piston  pattern , 


Duplex,  piston  pattern 

Single-cylinder,   outside-packed,   plunger 

pattern 

Duplex,  outside-packed  plunger  pattern. . 
Centrifugal 

Horizontal,  low-pressure,  single-stage.. .  . 
Horizontal,  high-pressure,  single-stage. .  . 

Horizontal,  high-pressure,  multi-stage. .  . 

Vertical,  low-pressure,  single-stage 

Vertical,  high-pressure,  single-stage 

Vertical,  high-pressure,  multi-stage.. . .  ,  . 
Geared  power 

Single  cylinder 

Single-acting,  triplex 

Double-acting,  triplex 

Rotary  force  pumps 

Wet  vacuum  pumps 


Up  to  25  hp.  (1200  to  1800  r.p.m 
Up  to  130  hp.  (1200  to  1800  r.p.i 

Up  to  25  hp 

35  to  60  hp 

Up  to  300  hp. .  , 

Up  to  300  hp 

Up  to  200  hp 

Up  to  6000  gal.  per  hr. 
6000  to  27,000  gal.  per  hr 
Up  to  29,000  gal.  per  hr. 


107  -t-  13.3  X  hp. 
80  -h  5.81  X  hp. 


3K6  +  6.69  X  hp. 
164  -1-  9.. 53  X  hp. 
372 . 5  -t-  9  .  .55  X  hp. 

1100  -I-  8.94  X  hp. 
lO-IO  -(-  8.45  X  hp. 
730  -H  9 . 1  X  hp. 
685  -(-  7.69  X  hp. 

735  -I-  8.0  X  hp. 
750  -I-  10.4  X  hp. 

1100  -I-  9.62  X  hp. 

2015  +  9.74  X  hp. 

.5.59  +  8 .  S3  X  hp. 

610  -I-  12.7  Xhp. 

1295  -t-  10  79  X  hp. 
1010  -f  7.65  X  hp. 
6.25  X  (sizeininchei^. 

114.5  -1-0  3787  Xhp. 
326  -f  0,237  X  hp. 

40  -1-0,72  X  hp. 
21,1   -1-28  5  X  kw. 
10  X  (kw.)  —9 
313  3  -I-  10.93  X  kw. 
12,08  X  (kw.)  —  383 
81  -(-9,723  X  kv.a. 
375  -(-7.477  X  kv.a. 
2413  -|-4.(i9  X  kv.a. 
18  53  -1-42  37  Xhp. 
53.3  -1-12,4  X  hp. 

191.7  -(-  10  94  X  hp. 
213  -f-  8.264  X  hp. 
64.1  +  36.786  X  hp. 
(i9 , 2  -I-  10 ,  56  X  hp. 

25  4-  1 1 ,  75  X  hp. 
110  -1-4,72  X  hp. 
60,7  -1-7,15  X  hp. 

157.6  -I- 3. .573  X  hp. 
252  -I-  14.2  X  hp. 
860  4-15.15  X  hp. 
.570  4-  46  5  X  hp. 


Up  to  24,000  gal.  per  hr 
Up  to  49,000  gal.  per  hr 

Up  to  14,000  gal,  per  mi 
Up  to  5000  gal.  per  min 
5000  to  20,000  gal.  per  i 
Up  to  2200  gal.  per  min 
Up  to  20,000  gal.  per  mi 
Lip  to  20,000  gal.  per  m 
Up  to  1100  gal.  per  min 


Up  to  20,000  gal.  per  hr 

Up  to  83,000  gal.  per  hr 

Up  to  89,000  gal.  per  hr 

1200  to  20,000  gal.  per  hr. .  . 

Up  to  13,000  gal.  per  hr 

13,000  to  ,50,000  gal.  per  hr. 


17.8  4-  0,2586  X  (gal,  |)er 
106.8  4-0.011045  X  (gal.  ii 
.585  4-0.0115  X  (gal.  per  hr 

0  034  X  (gal.  per  hr.) 
0  042125  X  (gal.  per  hr.) 

.52  4-  0,05525  X  (gal.  per  n 
61  4-  0,0808  X  (gal,  per  mi 
210  4-  0,0567  X  igal.  per  n 
117  4-0  233  X  (gal.  per  mi 
60  4-0.05575  X  (gal.  pern 
50  4-  0.0865  X  (gal.  per  mi 
125.7  4-0  27  X  (gal.  pern 

90  4-0,0316  X  (gal.  per  hr.) 
.56  4-  0  03867  X  (gal.  per  hr.) 
195  4-0  0148  X  (gal.  per  hr.) 
8  4-0.0117  X  (gal.  per  hr.) 
18  4-  0.01435  X  (gal.  per  hr.) 
14  4-  0  00863  X  (gal.  per  hr.) 
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TAnLE  OF  COSTS  OF  STE.\M  AND  GAS  POWER-PLANT  EQUIPMENT— Continued 

Xype                                                               Capacity  Equation  of  Cost  in  Dollars 

Water 1000  to  20,000  gal.  per  hr 1000  +0  .2  X  (gal.  per  hr.) 


Chain-erate  100  to  300  boiler  hp 86  +  4.28  X  (hp.) 

300  to  500  boiler  hp 434  +  3 . 1  X  (hp.) 

Front-feed  100  to  660  boiler  hp 312-1-  3.015  X  (hp.) 

Under-feed Up  to  600  boiler  hp 379  4-2.785  X  (hp.) 

200  to  750  boiler  hp. 

100  deg.  of  superheat 165  -1-  2.578  X  (hp.) 

200  deg.  of  superheat 52  -i-  3.466  X  (hp.) 

300  deg.  of  superheat 40-1-  4. 28  X  (hp.) 

Air-cooled Sizes  up  to  3000  kv.a 439  -t-  1.467  X  kv  a. 

Oil-cooled Sizes  up  to  30  kv.a.  ,   „  .   .    , 

25  cycles .  .  52 . 9  -(-  8 . 1  X  kv.a. 

eOcycles ..  26.2  -|- 6.25  X  kv.a. 

Sizes  30  to  100  kv.a. 

25cycles ..  157  -)- 4.68  X  kv.a. 

60cycles 119.5  -|- 3.57  X  kv.a. 

Water-cooled  Sizes  up  to  lOpO  kv.a  ISl  -f  1725  X  kv.a. 

at':'-  «oo'™ 1000  to  3000  kv.a. ...  805  -f  1099  X  kv.a. 

..   3.335  -1-13.33  X  kw. 
.  .  .    17,500  -i-  10.5  X  kw. 


5000  to  10,000  k\i 
Impulse  type: 

Turbine  alone Up  «•»  50  hp. 

50  to  400  hp. . 
Turbine  and  generator Up  to  40  kw 


171   5  -I-  10.7  Xhp. 
10.74  Xhp. —54 
304.2  -1-36.78  X  kw. 
30  4  X  kw.  —  100 
8106  -1-  U  .  34  X  kw. 


doiied  the  horsepower  rating,  and  rate  their  producers  in 
pounds  of  coal,  which  is  the  same  as  the  B.t.u.  basis. 

The  prices  given  for  generators  and  motors  apply  to 
standard  speeds.  Of  the  many  variables  which  must  be 
taken  into  consideration  in  connection  with  prices  on 
dynamo-electric  machinery,  speed  is  the  most  important, 
as  the  amount  of  copper  in  a  machine  (the  voltage  re- 
maining constant)  is  determined  by  the  speed  for  which 
it  is  designed. 

The  prices  for  transformers  are  for  voltages  of  1100 


and  ■.?'^00.    The  increase  in  cost  for  higher  voltages,  above 
that  lor  lltid  and  :;i200  volts  is  about  as  follows: 

Per  Cent. 

6,6(X)  volts 2.5 

11,000  volts 7 

22,000  volts 18 

44,000  volts 40 

It  is  impos.sible  to  give  the  cost  of  switchboards  in  the 
form  of  an  equation,  as  the  requirements  ai'e  different  for 
each  individual  plant  in  the  matter  of  circuits,  protective 
devices,  instruments,  etc.  There  is  also  a  great  variation 
in  the  cost  of  electrical-measuring  instruments  of  the 
same  capacity. 


Oxyacetylene  Boiler  Welding 


By  HEXIiY  CAVEf 


SYNOPSIS — Wiih  particular  reference  to  boiler  welding 
the  author  gives  his  views  as  to  why  the  oxyacetylene 
process  is  not  more  in  iise  and  his  belief  in  its  possibihties. 
He  then  proposes  a  "Three-License  System"  as  a  safe- 
guard against  dangerous  or  unreliable  worh. 

Very  little  oxyacetylene  welding  ha.s  been  done  on  ten- 
sion parts  of  boilers  and  other  pressure  containers.  This 
is  particularly  true  of  boilers  that  come  under  restrictions 
imposed  by  federal,  state,  civic  or  insurance  regulations. 
The  writer  commends  this  condition,  and  heartily  favors 
increased  restrictions,  but  believes  that  they  should  be 
based  upon  principles  other  than  those  now  in  force. 

After  six  years'  experience  in  practical  welding  with  a 
large  number  of  men  on  a  wide  variety  of  work,  and  on  a 
large  number  of  tensile  and  other  tests  on  samples  ])re- 
pared  under  various  conditions,  the  writer  is  convinced 
that  welds  can  be  made  from  the  ordinary  steel  of  com- 
meive  with  approximately  the  strength  and  with  a  fair 
proportion  of  the  ductility  of  the  original  metal,  if  the 
work  is  carried  out  under  certain  conditions  not  difiScult 
to  obtain.  Therefore,  he  believes  that  the  development 
of  the  oxj-acetylene  industry  is  being  retarded  by  the 
nature  of  the  restrictions  imposed.  It  has  been  proved 
repeatedly  that  welds  can  be  made  so  strong  that  the 
test  bar  will  break  outside  of  the  zone  of  the  heat,  show- 


♦Abstract  of  a  paper  entitled  "The  Oxy-Acetylene  Process 
as  Applied  to  Steel  Welds  in  Tension,"  presented  before  the 
New  York  section  of  the  .\merican  Institute  of  Steam  Boiler 
Inspectors,    Nov.    2S,    1913. 

tPresident  of  the  Case  Welding  Co.,  formerlv.  the  -Auto- 
genous   Welding    Equipment    Co..    Springfield,    Mass. 


ing  that  the  weld  is  at  least  as  strong  as  the  original 
metal.  Many  tests  have  been  made  in  which  samples 
broke  in  the  weld  (and  in  a  number  of  cases  outside) 
with  a  load  varying  only  by  a  small  percentage  from  that 
obtained  by  pulling  samples  of  the  unwelded  material, 
and  the  welds  were  ground  off  to  the  uniform  section. 

Even  if  only  one  tested  weld  had  shown  a  strength 
nearly  equal  to  that  of  the  original  metal,  it  would  in- 
dicate that  it  is  possible  to  obtain  such  a  result  with  the 
process  under  the  right  conditions.  These  conditions  have 
been  found  to  be : 

(1)  A  torch  equipment  that  can  be  adjusted  to  give 
a  uniform  flame  under  all  conditions  of  temperature, 
burning  the  acetylene  with  the  least  proportion  of  oxygen 
that  will  give  the  clear  outline  of  the  high-temperature 
flame  (interior  cone).  If  any  more  is  supplied,  the 
additional  oxygen  must  pass  through  the  high-tempera- 
ture flame  in  its  uncombined  state,  and,  coming  in  con- 
tact with  the  molten  metal,  produce  practically  instantan- 
eous oxidation,  which  cannot  help  but  affect  the  strength. 
As  an  oxidized  weld  will  be  brittle  and  may  be  weak,  con- 
sideration should  be  given  to  the  mixture  produced  by 
the  torch.  Ob\'iously  impurities  in  either  of  the  gases 
may  produce  weak  welds,  and  this  feature  should  also  be 
considered. 

Other  considerations  are :  The  effects  that  the  heat  re- 
flected back  on  the  torch  head  may  have  on  the  mixture, 
which  is  dependent  upon  the  way  the  gases  are  mixed  to- 
gether, the  expansion  and  contraction  of  the  orificies  pro- 
duced  by    the   varying   temperatures,    which    necessarily 
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vary  the  velocity  of  the  propelling  fluid,  and  the  uniform- 
ity "of  action  of  the  reducing  valves  and  regulators  con- 
trolling the  pressure  of  both  the  oxygen  and  the  acetylene. 

(2)  The  second  consideration  is  that  of  the  operation 
of  the  torch.  Unfortunately,  using  the  torch  appears  to 
require  little  skill.  The  novice  thinks  the  movements  of 
the  torch  are  solely  to  spread  the  heat,  whereas  they  are 
also  to  spread  the  metal.  The  ideal  weld  in  steel  is  made 
by  spreading  each  drop  as  thin  as  possible  over  a  large 
area,  being  sure  that  the  metal  over  which  it  is  spread  is 
hot  enough  for  the  two  to  flow  together  and  that  the 
edges  of  the  drop,  instead  of  being  rounded  like  a  drop 
of  water  on  a  greasy  plate,  will  spread  out  as  if  the  drop 
had  been  placed  on  a  piece  of  blotting  paper.  It  is  also 
necessary  to  blow  away  the  particles  or  films  of  oxide, 
\.-hich  are  readily  distinguishable  as  they  are  much 
brighter  than  the  metal. 

The  adjustment  and  skill  necessary  to  carry  this  out 
can  be  obtained  only  by  considerable  experience  with  the 
torch.  Other  metals  require  other  treatments,  which  al- 
so can  only  be  learned  by  experience. 

(3)  The  third  consideration  is  the  material,  fluxes 
aucl  methods  used.  If  the  adding  material  (melt  bar  or 
welding  wire)  used  is  of  a  lower  tensile  strength  than 
the  metal  being  welded,  and  variations  in  other  properties 
occur,  and  the  material  is  welded  in  and  left  in  its  origi- 
nal condition,  the  weld  cannot  be  as  strong  as  the  origi- 
nal metal.  If  the  test  of  the  weld  shows  a  higher  tensile 
strength  than  the  test  of  the  adding  material  a  change  has 
taken  place  in  the  material,  and  this  generally  results 
detrimentally  to  some  other  property,  and  even  though 
the  strength  is  increased  it  is  questionable  whether  this  is 
desirable. 

In  taking  the  strength  of  a  welded  sample  that  has 
been  tested,  the  comparative  strength  of  the  weld,  if  the 
fracture  occurs  at  that  point,  should  be  taken  as  being 
proportional  to  the  strength  of  the  adding  material  and 
not  to  the  strength  of  the  original  bar.  Even  though 
originally  the  same,  a  true  comparison  may  not  be  ob- 
tained as  the  original  material  may  change  in  strength 
after  being  heated.  The  strength  may  be  lowered  or  raised 
by  heat  treatment.  This  depends  upon  the  history  of  the 
material  as  to  fatigue,  method  of  manufacture  (such  as 
cold  or  hot  rolling)   and  heat  treatment. 

Steel  takes  its  structure  from  the  highest  temperature 
to  which  it  has  been  raised.  This  structure  varies  on 
the  rising  temperature  only.  Unfortunately,  the  struc- 
ture produced  by  the  molten  temperature  is  very  coarse, 
which,  though  it  may  mean  a  greater  strength,  will  mean 
a  lower  ductility  and  increa.sed  brittleness.  This  has  to 
be  considered  in  welding,  but  the  welding  is  not  respon- 
sible for  it.  The  metal,  whether  welded  or  not,  if  brought 
to  a  high  temperature,  would  be  equally  affected.  There- 
fore, in  comparing  the  strength  of  the  weld  with  the 
original  material,  or  considering  the  actual  efficiency  of 
the  weld,  corresponding  heat  treatment  should  be  given 
to  both  the  original  and  the  welded  piece.  To  get  the 
best  result,  the  heat  treatment  should  lie  given  after  the 
weld  is  finished. 

We  have  recently  found  that  using  a  flux  in  steel  weld- 
ing will  increase  the  strength  of  the  weld  at  least  6  per 
cent,  if  conditions  warrant.  "We  assume  that  the  poorer 
the  conditions  under  which  the  work  is  done,  the  greater 
proportionate  effect  will  the  flux  have  in  making  a  weld  of 
any  size,  particularly  in  boiler  work.     It  is  always  neces- 


sary  to  study  the  effect  of   shrinkage   and  the   internal 
strain  so  produced,  and  particularly  in  repair  work. 

Theee-License  Syste.m 

The  writer  strongly  recommends  that  a  system  of  ex- 
amination be  developed  similar  to  that  now  in  force  in 
fire-insurance  circles,  and  if  the  equipment  is  found  sat- 
isfactory, it  should  be  licensed  to  carrj-  out  work  on  vital 
parts  in  tension,  and  arrangements  should  be  made  that 
no  equipment  not  so  licensed  should  be  allowed  to  do  such 
work. 

Not  only  should  the  torch  be  considered,  but  the  whole 
equipment  to  be  used.  The  manufacturers  who  have  the 
best  interest  of  the  process  at  heart  would  gladly  pay  the 
expense  of  the  investigation  in  connection  with  their  in- 
dividual equipments. 

Owing  to  the  low  price  at  which  welding  equipments 
can  now  be  purchased,  nothing  is  to  prevent  an  inexperi- 
enced operator  from  obtaining  an  equipment,  and  using 
it  on  boilers  or  other  vital  parts.  Thus  a  disaster  might 
occur  that  would  detrimentally  affect,  if  not  prohibit,  the 
use  of  the  process  on  this  class  of  work,  thus  also  injuring 
those  capable  of  giving  satisfactory  results.  This  is  not 
likely  to  occur  in  states  having  inspection  laws.  The  ef- 
fect, however,  in  those  states,  should  a  disaster  occur  in 
the  states  not  having  inspection  laws,  would  still  be  detri- 
mental to  the  progress  of  the  industry  as  such  things  are 
given  snap  judgment  which  does  not  consider  the  condi- 
tion under  which  the  work  was  carried  out. 

For  the  sake  of  the  industry,  therefore,  no  one  should 
be  allowed  to  weld  on  a  boiler,  irrespective  of  the  type  of 
work,  throughout  the  whole  of  the  United  States,  who  has 
not  passed  an  examination  as  to  his  ability  to  make  a 
strong  weld  with  a  licensed  equipment.  It  would  seem 
that  with  these  two  licenses  safety  might  result.  Un- 
fortunately, however,  the  operators,  owing  to  the  fact  that 
a  development  of  this  sort  generally  attracts  those  who 
have  not  learned  a  trade,  generally  do  not  have  any  knowl- 
ledge  as  to  where  and  how  and  under  what  conditions 
their  skill  should  be  used. 

Even  though  they  can  make  a  weld  strong  enough  to 
pass  the  examination,  they  cannot  judge  as  to  the  best 
materials  to  be  used,  the  heat  treatment,  if  any,  neces- 
sary; they  do  not  understand  the  structure  of  steel,  and 
frequently  could  not  decide  which  was  a  tension  or  a 
compression  memlier,  not  having  any  knowledge  of  the 
structure  of  boilers.  For  success,  such  general  knowledge 
is  required,  and,  therefore,  the  concern  using  the  licensed 
equipment  and  licensed  operator  should  also  be  examined 
as  to  the  technical  ability  available  to  determine  such 
factors,  and  should  be  licensed  accordingly. 

These  three  licenses  together  would  form  what  the 
writer  has  christened  "The  Three-License  System,"  and 
it  is  his  opinion  that  no  work  should  be  allowed  to  he 
done  on  boilers  without  the  three  licenses.  All  other 
restrictions  should  be  removed,  and  if  the  concern  having 
the  Three-License  System  felt  that  it  could  weld  such 
structures  as  steam  boilers,  using  welds  instead  of  rivets, 
without  risking  its  license  it  should  be  allowed  to  do  so. 
The  license  of  the  operator  and  the  concern  would  check 
one  another  as  neither  of  them  would  want  to  risk  losing 
the  license.  Thus  the  industry  would  be  placed  on  a  sound 
basis  whicli  woidd  result  in  a  remarkable  development  in 
every  direction. 

Not    onlv   would    the    industry    Dc   benefited,    but    the 
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prodiu't  would  be  improved  and  its  c-a«t  reduced.  The 
writer  believes  that  15  and  possibly  25  per  cent,  of  the 
trouble  experienced  villi  boilers  is  traceable  to  the  riveted 
seams  and  c(nidiiion*  incidental  to  their  design  and 
uianui'acture. 


BoiLEi;  WITH  Tyi'K'Ai.  Oxyacetylexe  Welds,  Cvt 

THIiOlGH   'WITH    OxYGEX    J  ET 

Cards  read:  "Circumferential  and  Radial  Craclis  in  bend  of 
upper  tube  plate  flange" — "Cracked  Tube  Plate  Bridges 
■R'elded" — "Hand  Hole  Enlarged  to  the  Limit.  Welded  up 
and  original  sized  hole  cut  with  oxygen  cutting  torch" — 
"Tubes  Safe  Ended  New  Ends  Welded  On" — "Fire  Crack  from 
Rivet  Hole  Welded.  Hole  welded  for  reriveting  ' — "Handhole 
Welded  Up" — "Fire  Crack  Between  Rivets  Welded.  Landing 
edge  built  up  to  renew  calking" — "Firebox  Plate  Corroded 
Awav.  New  metal  built  up  to  any  thickness.  Calking  edge 
built  up" — "Broken  Cast  Iron  Fire-Door  Frame  Removed,  and 
steel  plate  frame  welded  in.  "Longitudinal  Crack  in  Firebox 
Welded  L^p" — "Defective  Section  of  Firebox  Cut  Out  and  New 
Plate  Welded  In" — "Circumferential  Crack  in  Firebox  Welded." 

The  oxyacetylene  process  is  being  unfairly  treated  by 
those  in  position  to  make  regulations  controlling  its  use. 
In  one  state  having  boiler  inspection,  hand  or  forge  weld- 
ing is  allowed  on  tension  surfaces,  limiting  only  the  per- 
centage of  strength  to  be  used  in  figuring  the  efficiency  of 
the  joint ;  whereas  use  of  the  oxyacetylene  torch  is  entire- 
ly ]irohii)ited  under  any  condition  for  welds  in  tension. 
Yet  with  hand  or  forge  welding  the  only  assurance  of  sat- 
isfactory results  is  the  reputation  of  the  man  doing  the 
work,  who  may  not  have  been  proved  competent.  His 
reputation  may  be  based  on  his  being  a  good  all-around 
workman  and  having  had  few  or  none  of  his  welds  break, 
which  mav  be  because  they  were  favorably  located.  Con- 
ditions such  as  the  nature  of  the  material  used  mav  in- 


lluence  the  strength  of  the  weld  regardless  of  the  skill  of 
the  workman.  An  inspector  cannot  determine  whether 
the  weld  is  good  or  not,  even  though  he  may  have  seen  it 
made. 

Willi  the  oxyacetylene  ]irocess,  however,  satisfactory 
evidence  may  be  obtained  of  the  .«kill  and  reliability  of  the 
workmen,  the  possibility  of  success  with  the  equipment 
having  been  proved.  Xo  uncertain  variations  of  this  are 
likely.  There  is,  however,  the  additional  advantage  that 
an  inspector  could  watch  every  movement  of  the  operator 
and  see  that  the  weld  was  made  completely  through  the 
piece,  and  that  the  metal  was  spread  satisfactorily  and 
could  consequently  determine  the  quality  of  the  weld. 
The  unjust  discrimination  against  oxyacetylene  welding 
in  favor  of  forge  welding,  the  .strength  of  which  cannot 
be  judged  without  destructive  tests,  arises  from  forge 
welding  being  an  old  process. 

Unfortunately,  statements  and  reports  have  been  made 
by  men  prominent  in  other  fields  regarding  tests  and 
other  features  of  oxyacetylene  welding  which  are  gen- 
erally taken  as  proved  facts;  these  have  seriously  inter- 
fered with  the  development  of  the  process. 

A  prominent  European  expert  in  that  art  recently  de- 
clared that  oxyacetylene  welding  should  not  be  used  in 
vital  parts  of  containers  until  the  strength  of  the  weld 
can  be  determined  without  destroying  it.  The  writer 
holds  this  to  be  practically  an  impossibility.  That  which 
makes  such  a  thing  desirable  for  the  oxyacetylene  weld, 
malces  it  equally  so  for  other  joints,  which  in  years  of  use 
have  not  developed  the  means. 

In  the  writer's  opinion  the  strength  of  an  oxyacetylene 
weld  and  the  uniformity  of  results  obtained  are  entirely 
a  matter  of  satisfactorv  and  uniform  conditions. 


New  Jersey  N.  A.  S.  E.  X'isits 

The  first  of  the  visits  of  the  Visiting  Committee  of  the 
New  Jersey  State  Association  of  the  N.  A.  S.  E.  was  made  to 
Jersey  City  No.  1  Association,  Saturday  evening,  Dec.  20.  The 
meeting  was  exceptionally  large,  there  being  about  200  pres- 
ent.     State    President    Jenkinson    presideJ. 

Among  the  speakers  was  J.  D.  Taylor,  Secretary-Treas- 
urer of  the  Life  and  Accident  Department,  ■who  told  of  the 
benefits  and  growth  of  the  department.  National  President 
Coe,  who  followed,  stated  that  the  growth  of  the  association 
■was  more  than  meeting  expectations,  and  that  he  hoped  to 
see  50  new  associations  organized  this  year.  National  Con- 
ductor J.  J.  Reddy,  of  Jersey  City,  told  of  the  value  the  asso- 
ciation had  been  to  him  and  thanked  those  present  for  their 
support  in    electing   him   to   office. 

Charles  H.  Bromley,  Chairman  of  the  New  Jersey  State 
Educational  Committee,  stated  that  the  line  of  demarcation 
between  the  mechanical  and  po^wer-plant  engineer  ^\*as  fast 
becoming  less  apparent.  He  outlined  recent  developments  in 
plant  practice  and  clearly  sho^wed  that  to  meet  the  demands 
expected  of  him.  the  engineer  must  apply  himself  more  closely 
to  his  art  than  ■was  necessary  in  the  days  gone  by.  Sincere 
cooperation  with  the  National  and  State  Educational  Com- 
mittees was  urged  as  vitally  essential  to  the  growth  and 
prestige    of    the    association. 

John  J.  Calahan,  Chairman  of  the  Convention  Committee 
that  is  arranging  for  the  convention  to  be  held  in  Jersey  City 
next  May,  announced  that  the  entire  Elk's  Hall  building  had 
been  reserved  and  one  of  the  biggest  conventions  and  exhibits 
planned.  He  paid  a  high  tribute  to  the  convention  committee 
of  Newark  No.  3  Association  for  its  pioneer  work  and  for  the 
precedents  it  had  established.  "Bill"  Cronnelly.  one  of  the 
oldest  members  who  has  been  active  in  engineering  affairs 
since  a  time  antedat'.ng  the  Civil  war,  thanked  the  young  men 
for   their  work   in   making  the   association   what   it   is. 

F.  A.  La  Pointe.  of  Hoboken.  told  of  the  proposals  for 
lighting  some  of  the  Hudson  County  highways  with  current 
supplied  by  a  new  county-owned  plant  or  by  enlarging  one 
of  the   two   plants   serving   county   institutions 

.Among  others  who  made  interesting  remarl^s  were  State 
Deputy   Martin   J.    Hickey,    E.   W.    Sears   and    George    R.    Starr. 
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A  similar  meeting-  was  lield  by  Newarlv  No.  3  Association. 
Monday  evening,  Dec.  22.  Refresiiments  and  talent  made  tlie 
evenings   enjoyable. 

These  visits  will  be  continued  throughout  the  season,  the 
places  and  dates  being  as  follows:  Jan.  5,  Hoboken;  Jan.  10, 
Atlantic  City;  Jan.  20,  Elizabeth;  Feb.  2,  Trenton;  Feb.  12. 
NewarK  No.  8:  Feb.  25,  Paterson;  Mar.  6,  Plainfleld;  Mar,  20, 
Perth    Amboy;   Apr.    11,    Passaic. 


Verdict  on  Staten  Island  Boiler 
Explosion* 

On  December  16  was  held  the  coroner's  inquest  i^nto  the 
cause  of  the  boiler  explosion  which  occurred  at  the  LiN'ing- 
ston  plant  of  the  Richmond  Light  &  Ry.  Co.,  on  Oct.  21  last, 
and  resulted  in  seven  deaths.  The  lapse  of  nearly  two 
months  between  the  date  of  the  explosion  and  that  of  the 
inquest  is  explained  by  the  desire  of  the  coroner  to  get  at 
all  the  facts  in  the  case.  Unlike  most  investigations  of  its 
kind  the  inquest  was  conducted  in  an  intelligent  manner,  the 
coroner  and  district  attorney  being  represented  in  technical 
matters  by  C.  G.  Armstrong,  consulting  engineer  for  the  city, 
and  by  Otto  H.  Klein,  director  of  the  Standard  Testing  Labor- 
a.tory.  The  latter  made  a  microscopic  examination  and  test 
of  the  metal  in  the  head  and  found  an  ultimate  tensile 
strength  of  55.000  lb-  per  sq.in.;  also,  the  microphotoraphs 
failed  to  disclose  any  unusual  condition  in  the  structure  of 
the  metal.  In  view  of  testimony  which  developed  during  the 
hearing  it  is  to  be  regretted  that  he  did  not  subject  the  metal 
of  the   stays   to   similar  tests. 

It  will  be  remembered  that  the  boiler  was  of  the  vertical 
type  and  that  failure  occurred  in  the  bottom  head  in  almost 
a  perfect  circle  at  the  "knuckle"  or  section  where  the  curva- 
ture   changes    to    form    the    flange. 

Both  Mr.  Klein  and  Mr.  Armstrong  gave  as  their  opinion 
that  the  failure  was  the  result  of  breathing  of  the  liead 
which,  being  intensified  at  this  section  of  greatest  curvature, 
set  up  small  annular  cracks.  Mr.  Armstrong  further  testified 
that  there  was  some  pitting,  but  that  the  metal  was  not 
wasted  away  to  any  great  extent.  These  opinions  subsantiate 
those   expressed    in    "Power"    at   the   time. 

Messrs.  Nixon  and  Fitzgerald  who  inquired  into  the  acci- 
dent for  the  Public  Service  Commission  believed  the  explo- 
sion to  have  been  due  to  defective  crowfeet  stays  between 
the  head  and  lower  tube-sheet;  several  of  these  having  been 
welded.  Mr.  Fitzgerald  testified  that  he  had  noted  several 
welds  in  which  the  metal  had  been  burnt  and  Mr.  Nixon 
spoke  of  some  of  the  crowfeet  presenting  a  spongy  appear- 
ance. Both  spoke  of  the  bad  condition  of  the  boiler  plant  in 
general. 

"While  the  opinions  of  Messrs.  Armstrong  and  Klein,  on 
the  one  hand,  and  Nixon  and  Fitzgerald,  on  the  other,  appear 
divergent,  it  is  probable  that  both  are  correct.  Mr.  Arm- 
strong and  Mr.  Klein  are  right  in  their  contention  that  the 
head,  if  in  good  condition,  should  have  supported  the  pres- 
sure at  a  reasonable  factor  of  safety  without  staying.  Sub- 
stitution in  the  formula  for  convex  heads  as  prescribed  by  the 
Board  of  Supervising  Inspectors,  U.  S.  Steamboat  Inspection 
Service,  also  the  Massachusetts  Boiler  Rules,  will  show  this 
to  be  true.  The  stays  in  this  boiler  were  primarily  to  support 
the  flat  tube-sheet  although  they  may  be  considered  to  have 
afforded  additional  support  to  the  head.  What  probably  hap- 
pened is  this:  The  head  itself  became  weakened  at  the  point 
of  failui'e  through  cracks  set  up  by  the  breathing  action  de- 
scribed and  possibly  by  some  pitting  or  grooving  until  a 
stage  was  reached  where  it  was  dependent  upon  the  stays  for 
support.  These  being  in  a  defective  condition,  gave  way  and 
the   explosion    resulted. 

Most  of  the  testimony  pointed  toward  insuflicient  and  in- 
competent operation.  The  superintendent  bad  formerly  been 
a  lineman  and  two  former  chief  enginers  testified  that  one 
of  their  reasons  for  leaving  was  his  interference  with  the 
operation  of  the  steam  end  of  the  plant.  The  present  chief 
engineer  a  few  years  ago  was  a  motorman  and  his  entire 
experience  as  an  engineer  had  been  gained  at  this  plant.  He 
had  received  his  engineers'  license  about  two  years  ago  and 
had  been  in  charge  for  about  four  months  when  the  explo- 
sion occurred.  Unfortunately  at  the  insistence  of  the  com- 
pany's lawyer  he  was  not  permitted  to  answer  some  ques- 
tions which  might  have  thrown  more  light  on  the  operation 
of  the  plant. 

The  man  who  was  directly  in  charge  of  the  repairs  and  In- 
spection of  the  boilers  had  previously  been  a  general  handy 
man  around  the  boiler  room  and  received  $3  a  day  for  his 
services.      He    testified    that    he   had   internally    examined    the 

"See   "Power"   for  Oct.   4,   1913. 


boiler  on  Sept,  27  and  had  looked  over  the  stays,  but  h.ad 
paid    no    particular   attention    to   the    head. 

On  the  day  of  the  accident  the  boiler  had  been  blown 
down,  filled  with  clean  water  and  the  fire  started  under  it 
about  3  p.m.  It  had  been  up  to  pressure  and  cut  in  on  th  ■ 
line  only  a  few  minutes  when  the  explosion  occurred.  The 
man  who  cut  in  the  boiler  failed  to  put  in  appearance  to 
testify,  as  did  also  the  inspector  from  the  police  department; 
although  it  is  doubtful  if  the  latter  would  have  thrown  much 
light  on  the  subject  as  he  had  tested  the  boiler  eleven  months 
previous  to  the  explosion  and  this  was  not  an  internal  in- 
spection. 

Mr.  Shaw,  chief  inspector  of  the  Travelers  Insurance  Co., 
testified  that  his  company  had  previously  held  the  boiler  in- 
surance, but  owing  to  the  general  depreciation  of  the  boiler 
pl.Tut  and  the  attention  it  received,  had  refused  to  renew  the 
policy  when  it  expired  last  April.  His  company  still  held 
a  liability  policy  with  the  power  company,  however.  A  letter 
was  offered  in  evidence  to  show  that  the  Maryland  Casualty 
Co.,  which  subsequently  took  over  the  risk,  had  made  an  ex- 
ternal examination  a  short  time  prior  to  the  accident,  but 
there  appears  to  have  been  no  internal  examination  except 
the   very   superficial    inspection   by    *"he' power   company   itself. 

In  view  of  the  foregoing  evidence  the  jury  arrived  at  a 
verdict    "which    was    in    substance    as    follows: 

Thut  the  explosion  occurred  "while  the  boiler  was  under 
normal  pressure  as  a  result  of  a  weakened  condition  of  the.- 
lower  head  due  to  probable  annular  cracks  and  pitting  at 
the    section    of    failure    and    to   defective    stays. 

While  unable  to  find  any  one  person  criminally  negligent 
to  the  extent  that  they  could  be  successfully  prosecuted,  the 
jury  in  its  verdic*  severely  censiired  the  management  for 
inadequate  maintenance  and  inspection  of  the  boiler  plant  and 
for  employing  incompetent  help  without  previous  experience. 
It  was  further  recommended  that  steps  be  taken  to  compel 
the  management  to  install  sufficient  boiler  capacity  to  permit 
boilers  being  taken  out  of  service  at  regular  intervals  for 
inspection   and    repairs. 

As  an  appendix  to  the  verdict  the  jury  recommended  that 
the  boiler  inspection  be  taken  out  of  the  hands  of  the  police 
department  and  placed  in  some  department  having  the  neces- 
sary experienced  help  to  adequately  inspect  all  boilers  com- 
ing  under   its   supervision. 

Montana  Had  No  Boiler  Explosions 
or  Accidents  in  1913 

According  to  the  recent  annual  j-eport  of  Percy  L.  Brown, 
boiler  inspector  of  the  state  of  Montana,  there  was  no  boiler 
explosion  or  accident  or  injury  to  pei'sons  in  charge  of  them 
in   that   state   during   the   year   ending  Nov.    30. 

During  the  year  the  department  inspected  2260  boilers 
and  condemned  21.  Referring  to  the  increased  work,  Mr. 
Brown  remarks:  The  state  is  becoming  more  thickly  settled 
and  what  was  once  a  rolling  prairie  is  now  dotted  with  trac- 
tion engines.  They  are  now  scattered  from  the  northern  to 
the  southern  boundaries  of  the  state  and  from  the  far  "west 
to  the  prairies  of  the  east,  and  are  the  most  hazardous,  ardu- 
ous and  expensive  branch  of  the  "woi-k  of  the  department  and 
will  continue  to  be  such  until  the  many  miles  of  prospective 
railroads   are    built." 

Battleship  "Vermont"  Disabled  at  Sea 

More  than  400  miles  east  of  Cape  Henry  the  battleship 
"Vermont,"  on  Dec.  17,  crippled  so  badly  as  not  to  be  able  to 
proceed  under  her  own  power,  was  being  towed  toward 
Hampton  Roads  by  her  sistership,  the  "Delaware"  Besides 
having  her  starboard  main  .shaft  broken  and  several  of  her 
compartments  flooded  on  Dec.  11,  the  "Vermont"  on  Dec.  17 
had  some  of  the  holding  rivets  on  the  port  truss  carried  away. 
At  the  Brooklyn  Navy  Yard  it  was  said  that  the  ship  must 
be   without   the  use   of  her   second   engine. 

The  "Delaware"  was  reported  as  making  about  3.7  knots. 
Previous  to  the  last  trouble  aboard,  the  "Vermont"  was 
making  8  knots  under  her  own  steam,  "with  the  ''Delaware" 
and   the   colliers   "Orion"   and   "Jason"  close  by. 

The  first  accident  occurred  on  Dec.  11,  when  at  3:45 
o'clock  the  mainshaft  snapped.  Rear-Adn"iira,l  Badger  ordered 
a  diver  to  go  down  and  ascertain  the  extent  of  the  injuries. 
He  afterward  sent  a  radiogram  to  the  Navy  Department,  stat- 
ing that  the  skin  of  the  ship  and  the  propeller  strut  gave  no 
evidence   of  injury,   and    there   was   little   cause   for  alarm. 

Fi'om  the  scant  description  on  which  the  mechanical  ex- 
perts at  the  Navy  Depaitment  base  their  judgment,  the  be- 
lief is  that  the  vessel's  stern  tube  shaft  must  have  been 
broken  in  the  first  place  and  that  the  auxiliary  shaft  has  now 
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collapsed,  to  necessitate  the  towing-  of  the  vessel.  The  dam- 
age to  the  port  truss,  or  frame,  would  account  for  the  liood- 
1ns  of  the  compartments,  and  the  bulkheads  have  probably 
been  closed  to  confine  the  spread  of  the  water  in  the  hold. 
This  report  is  taken  from  the  columns  of  the  daily  press.  The 
"Vermont"    reached    the     Portsmouth    (Va.)    Navy     Tard     on 
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.lohn  B.  Calvin,  chief  engineer,  with  the  Grand  Union  Tea 
Co.  for  22  years,  died  Dec.  18  at  his  home,  458  Van  Buren  St., 
Brooklyn,  N.  T.,  from  pneumonia,  after  a  week's  illness.  He 
was  born  in  Brooklyn  54  years  ago,  was  a  member  of  Ridge- 
wood  Lodge,  F.  and  A.  M.;  Orient  Chapter,  R.  A.  M.;  Damascus 
Commandery,  K.  T.;  Kismet  Temple,  A.  A.  O.  N.  M.  S.,  Wel- 
come Council,  R.  A.;  the  National  Association  of  Stationary 
Engineers  and  the  Modern  Science  Club  He  leaves  a  widow. 
Gertrude  Gilbert;  four  sons,  Chester,  Irving,  James  and  John: 
two  daughters,  Adrienne  and  Gertrude,  and  a  sister,  Mrs. 
Robert  Burns,  of  Manhattan.  Funeral  services  were  held  at 
his  late  home  Dec  21,  the  Rev.  Gurdon  H.  Eggleston,  of  the 
Greene  Avenue  Presbyterian  Church,  offlciating.  Mr.  Calvin 
was  a  man  of  genial  personality  and  had  won  a  host  of  friends 
who  will  sincerely  regret  his  snddsa  d£ath. 
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SOCIETY    NOTES 


The  regular  monthly  meeting  of  the  New  York  Chapter, 
American  .Society  of  Heating  and  Ventilatini;  Engineers,  was 
held  in  the  Engineering  S.icieties  Building,  29  West  39th  St., 
New  York,  on  Monday  evening,  Decemticr  15,  with  Vice-Presi- 
dent J.  I  Lyle  in  the  chair.  The  topic  of  discussion  for  the 
evening  was  on  "Atmospheric  Conditions  in  Printing  Estab- 
lishments,"  and   was   presented   by  W.    S.   Timmis. 

On  Friday  evening,  Jan.  9,  at  S;15,  at  the  Engineering  So- 
cieties Building.  29  West  Thirty-ninth  St.,  New  York  City, 
the  American  Society  of  Mechanical  Engineers  will  hold  a 
joint  meeting  with  the  American  Institute  of  Electrical  En- 
gineers and  the  New  York  Section  of  the  American  Electro- 
chemical Society.  Dr.  C.  O.  Mailloux  will  preside.  The  main 
topic  will  be  "The  Pf  iver  Problem  in  the  Electrolytic  Deposi- 
tion of  Metals."  The  program:  "The  Limitations  of  the  Prob- 
lem." Lawrence  Addicks,  A.  E.  S.;  "The  Mechanical  Side  of  the 
Problem,"  H.  E.  Longwell,  A.  S.  M.  E.;  "The  Electrical  Side 
of  the  Problem,"  y.  D.  Newbury,  A.  1.  E  E.  The  papers  will 
be  illustrated.  Following  the  meeting  the  American  Institute 
of  Electrical  Engineers  will  hold  a  smoker  at  its  head- 
quarters, to  which  the  members  of  the  Society  are  invited. 
An   informal   dinner    (a  la   carte)    will  be   served   at   6:30   p.m 


PERSONALS 


John  Kirk  resigned  recently  as  chief  engineer  of  the  power 
house  of  the  Portsmouth  Electric  Ry.,  Portsmouth,  N.  H.,  to 
accept  the  position  of  chief  engineer  of  ihe  "Cow  Pasture" 
pumping  station  of  the  main  drainage  system  of  the  city  of 
Boston,  at  Dorchester,  Mass.  He  had  been  the  chief  engineer 
since  the  opening  of  the  power  plant  in   1899. 


NEW     PUBLICATIONS 


SHOP  SKETCHING.  By  Joseph  W.  Woolley  and  Roy  j?. 
Meredith.  Published  bv  the  McGraw-Hill  Book  Co..  New 
York  City,  1913.  Cloth,  6x9  in.,  102  images;  122  illustra- 
tions.    Price,   $1. 

This  book  is  an  excellent  treatise  on  elementary  mechan- 
ical drawing.  It  is  not  intended  to  make  draftsmen,  but  it 
g-ives  all  the  necessary  principles  for  the  .shopmen  and  ap- 
prentices who  neef!  a  clear  knowledge  of  mechanical  drawing 
in  their  everyday  work.  These  are  given  in  the  most  direct 
manner  by  problems  requiring-  the  student  to  construct  other 
views   from    given   drawings. 

The  book  consists  of  seven  chapters,  every  one  of  which 
Is  a  little  compendium  for  the  purpose  it  serves.  It  Is  inter- 
esting to  note  that  the  authors  have  confined  themselves  to 
the  most  necessary  drawing  instruments:  Pad,  pencil,  scale 
or  rule,  er.aser.  and  pencil-compass,  the  reason  being  that 
only  these  wmilri    im  nvailable   "on   the  job." 


Chapter  1  gives  all  the  principles  of  mechanical  drawing, 
including   drawing    from    objects. 

Chapter  2  deals  with  screws  and  screw  fastenings,  while 
some  useful  problems  are  left  for  the  student  to  solve. 

Chapters  3  and  4  take  up  all  the  possible  sections  and  views 
of  a  mechanical  drawing  and  also  deal  with  the  assembly  and 
methods  of  expressing  detail,  in  a  clear  and  comprehensive 
manner  without  burdening  the  student  with  the  rules  of  de- 
scriptive geometry.  This  is  one  of  the  most  valuable  chap- 
ters of  the  book,  and  it  should  enable  the  student  to  learn  to 
visualine  an   object  from  a  drawing. 

Chapter  5  gives  all  the  possible  types  of  gears  and  cal- 
culations for  laying  them  out,  while  Chapters  6  and  7  ex- 
plain in  much  detail  isometric  and  freehand  drawings.  The 
examples  of  Isometric  drawing  on  isometric  and  on  plain 
paper  are  very  instructive  as  the  objects  are  taken  from 
practice.  The  chapter  on  freehand  sketching  deserves  a 
somewhat  more  detailed  treatment  as  would  be  expected  from 
the   title   of  the   book. 


Situation  for  Inspector  of  Mechanical  and  Eleetriral  En- 
eincerine — The  United  States  Civil  Service  Commission  an- 
nounces an  open  competitive  examination  for  inspector  of 
mechanical  and  electrical  engineering  on  Jan.  21,  22  and  23 
to  fill  a  vacancy  in  this  position,  at  $2000  a  year,  In  the  Office 
of  the  Supervising  Architect  of  the  Treasury.  Subjects:  Prac- 
tical questions  in  mechanical  and  electrical  engineering, 
drawing  and  design,  and  training  and  txperience.  The  duties 
conEist  of  inspecting  and  testing  the  mechanical  and  electrical 
equipments  entering  into  the  modern  Government  or  office 
building.  Applicants  should  have  had  practical  experience  in 
the  desig.i,  conr.tiuction  and  inspection  ef  heating  and  venti- 
lating apparatus,  plumbing,  water-supply  and  drainage,  con- 
duit and  wir'ng  work,  elevators,  vacuum-cleaning  systems, 
and  electric  generating  plants.  They  must  be  citizens  of  the 
Ljnited  States,  20  years  old  or  over,  and  should  at  once  apply 
for  Form  1312  to  the  United  States  Civil  Service  Commission. 
Washington.  D.  C. 


Situation  for  License  Inspector — The  Civil  Service  Com- 
mission of  Chicago,  111.,  will  hold  an  examination,  Dec.  30, 
for  the  position  of  license  inspector,  Class  H.  Grade  II,  salary 
.$1080-$1440.  Subjects  of  Examination:  Special  subject,  pen- 
manship, arithmetic,  experience,  report.  Duties:  To  inspect 
steam  plants;  to  see  that  licensed  engineers  and  water  tend- 
ers are  in  charge;  to  report  to  the  department  daily,  in  writ- 
ing, on  conditions  found  in  the  plants  visited:  to  notify  the 
department  regarding  engineers  or  water  tenders  who  have 
not  had  their  licenses  properly  transferred,  or  whose  licenses 
are  not  uptodate;  to  act  as  a  witness  in  court  against 
violators  reported  by  him,  and  to  assist  in  office  work  when 
required. 


Situation  for  Hoisting?  EIny;ineer — The  Civil  Service  Com- 
mission of  Chicago,  111.,  will  hold  an  examination  Jan.  8,  for 
the  position  of  hoisting  engineer.  Class  Ea,  Grade  II.  Subjects 
of  examination:  Special  subject,  experience,  arithmetic,  re- 
port. Further  information  can  be  had  by  addressing  the  sec- 
retary of  the  Commission,  R.  A.  Widdowson.  Room  610.  City 
Hall. 


Tests  for  VVeldeil  Joints — In  our  issue  of  Aug.  12  and  28 
we  announced  that  the  Ziiitralbtiro,  fiir  Acetylen  und  auto- 
gene  Metallearbitung,  at  Nurnberg,  had  offered  a  prize  for 
the  best  method  of  proving  the  integrity  of  a  welded  joint.  On 
Nov.  11  the  contributions  submitted  were  examined  by  a  com- 
mittee presided  over  by  Herr  Geh  Reglerungsrat,  Prof.  Dr., 
Ing.  Dr.  F.  Wiist,  of  Aachen.  It  was  decided  that  none  of  the 
contestants  had  offered  a  complete  solution  of  the  problem, 
but  that  of  the  26  suggestions  received,  five  had  possibilities. 
These  v.ill  be  tried  out  and  developed  under  Professor  Schles- 
inger  at  the  Klg.  technischen  Hochschule.  at  Charlottenburg, 
and  Professor  Baumann,  at  the  technischen  Hochschule.  at 
Stuttgart.  It  is  hoped  that  one  or  the  otlier  of  these  proposed 
methods  will  offer  a  positive  means  of  telling  whether  a 
vvelded  joint  is  sound. 


Big   Creels   Development   Supplies   Emergency   Service — The 

first  power  from  the  Big  Creek  Development  in  California 
was  transmittea  a  distance  of  241  miles  to  Los  Angeles  a 
few  weeks  ago,  sayc  the  "Philadelphia  Ledger,"  to  supply 
emergency  service  arising  through  a  temporary  shutdown  of 
part  of  the  Redondo  plant.  This  hydro-electric  development 
is  notable  chiefly  because  It  employs,  in  transmission,  the 
highest   voltage   used   to  date,   namely.   150.000   volts. 
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